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Abstract

BACKGROUND

Hyperplastic polyps, which represent 30%-93% of all gastric epithelial polyps, are
the second most common type of gastric polyps after fundic gland polyps. They
were previously considered to have no risk of neoplastic transformation. Recently,
an increasing number of cases of gastric hyperplastic polyps (GHPs) combined
with neoplastic changes have been reported; however, the specific mechanism
underlying their transformation has not been thoroughly explored.

AIM
To investigate the clinical, endoscopic, and pathological characteristics of the
neoplastic transformation of GHPs and explore the risk factors.

METHODS

A retrospective analysis was performed on 4010 cases of GHPs diagnosed by ga-
stroscopy and pathological examination at the hospital from 2005 to 2021. In total,
3874, 119, and 17 cases were in the group without intraepithelial neoplasia (IN),
with low-grade IN, and with high-grade IN, respectively. The data analysis exa-
mined the association of endoscopic and pathological features with risk factors for
neoplastic transformation. Factors with significant differences were entered into
univariate logistic regression, followed by multivariate logistic regression
analysis.
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RESULTS

Univariate analysis revealed diameter, multiple polyp presence, redness, rough surface, lobulation, erosion,
Yamada classification, location, and gastric mucosa were risk factors for neoplastic transformation. Multivariate
analysis showed that age > 65 years [odds ratio (OR) = 1.789; 95% confidence interval (CI): 1.227-2.609; P = 0.003],
male sex (OR = 1.680; 95%CI: 1.158-2.438; P = 0.006), multiple polyps (OR = 1.851; 95%CI: 1.230-2.784; P = 0.003),
pedunculated or semi-pedunculated shape (OR = 2.722; 95%CI: 1.689-4.388; P < 0.001), and polyp diameter were
significantly associated with GHPs that demonstrated neoplastic transformation. Compared with chronic
superficial gastritis, autoimmune gastritis, atrophic gastritis, and gastritis with IN were independent risk factors for
neoplastic transformation [(OR = 2.672; 95%CI: 1.559-4.579; P < 0.001), (OR = 1.876; 95%CI: 1.134-3.103; P = 0.014),
and (OR = 5.299; 95%CI: 3.173-8.849; P < 0.001), respectively].

CONCLUSION
Male sex, age > 65 years, multiple polyps, pedunculated or semi-pedunculated shape, polyp size > 1 cm, and
specific background gastric mucosa are key indicators for predicting neoplastic transformation of GHPs.

Key Words: Endoscopy; Gastric hyperplastic polyps; Neoplastic transformation; Pathology; Risk factors; Tumour

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our results show that larger diameter, the presence of multiple polyps, pedunculated or semi-pedunculated shape,
and specific background gastric mucosa were risk factors for neoplastic transformation. Furthermore, age > 65 years and
male sex were important indicators for predicting the risk of malignant transformation of gastric hyperplastic polyps. Our
findings suggest that for polyps with the abovementioned endoscopic and pathological features, clinicians should be alert to
the possibility of neoplastic transformation to improve the diagnosis rate of the neoplastic transformation of gastric
hyperplastic polyps. Additionally, our study showed that Helicobacter pylori infection was not associated with the risk.

Citation: Zhang DX, Niu ZY, Wang Y, Zu M, Wu YH, Shi YY, Zhang HJ, Zhang J, Ding SG. Endoscopic and pathological features of
neoplastic transformation of gastric hyperplastic polyps: Retrospective study of 4010 cases. World J Gastrointest Oncol 2024; 16(11):
4424-4435

URL: https://www.wjgnet.com/1948-5204/full/v16/i11/4424 htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i11.4424

INTRODUCTION

Gastric hyperplastic polyps (GHPs) are the second most common type of gastric polyps after fundic gland polyps[1].
They typically do not cause obvious clinical symptoms and were previously considered to have no risk of neoplastic
transformation. Recently, an increasing number of reports have emerged on GHPs combined with neoplastic change;
however, the specific mechanism has not been thoroughly explored[2,3]. While our understanding of the neoplastic
transformation mechanism of GHPs remains limited, knowledge regarding this condition is continuously advancing.
Further research will contribute to a better understanding of the development of GHPs and provide more accurate dia-
gnostic and treatment strategies for patients. Therefore, this study aimed to identify the endoscopic and pathological
features of GHPs and discuss the risk of neoplastic transformation associated with these features to assist in clinical
diagnosis and treatment.

MATERIALS AND METHODS

Study design and patients
This was a retrospective, single-centre study conducted at Peking University Third Hospital from 1 January 2005 to 31
December 2021. All patients were treated by endoscopic mucosal resection (EMR), endoscopic submucosal dissection
(ESD), or endoscopic forceps removal and were pathologically diagnosed as hyperplastic polyps. The inclusion criteria
for patients were age > 18 years, polyp diagnosis based on gastroscopy morphology, and hyperplastic polyp diagnosis
based pathology. In contrast, the exclusion criteria were familial adenomatous polyposis, juvenile polyposis, Peutz-
Jeghers syndrome, and Cronkhite-Canada syndrome. Ultimately, 4010 cases were enrolled in this study.

The Ethics Committee (No. M2023153) of the Peking University Third Hospital approved this clinical study and its
protocol was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments. Informed consent was not required from the patients due to the retrospective nature of the study.
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Data collection

Patient information, such as age and sex, was retrospectively collected from medical records. Detailed characteristics,
including the location, presence of single or multiple polyps, size, endoscopic appearance of polyp (Yamada’s classi-
fication of polyps, mucosal erosion, lobulation, and surface roughness), and pathological features (presence or absence of
dysplasia and adenocarcinoma) of polyps were examined. Background gastric mucosal characteristics (chronic superficial
gastritis, chronic atrophic gastritis with or without intraepithelial neoplasia, and autoimmune gastritis) were also
considered. A skilled pathologist assessed the gastric mucosal background. The location of GHPs in the stomach was
classified as the lower third comprising the gastric antrum and angle; the middle third consisting of the lower and mid-
body regions of the stomach; and the upper third comprising the fundus, cardia, and high-body of the stomach. Ad-
ditionally, the presence or absence of Helicobacter pylori (H. pylori) was assessed using histological examination of biopsy
specimens, H. pylori Warthin-Starry silver staining, or *C-urea breath tests. H. pylori status was considered positive if any
of these test results were positive. GHPs with neoplasia were defined as those with histopathological confirmation of
dysplasia or cancerous lesions in the endoscopically resected specimens. At least two pathologists confirmed each case
with neoplasia. Further details are presented in Figure 1.

Research methods

Patients” basic information, in addition to gastroscopic and histopathological data, was retrospectively analyzed. Ac-
cording to histopathological results, hyperplastic polyps were categorised into hyperplastic polyps without intraepithelial
neoplasia, with low-grade intraepithelial neoplasia, and with high-grade intraepithelial neoplasia, in which low-grade
intraepithelial neoplasia included mild and moderate dysplasia whereas high-grade intraepithelial neoplasia comprised a
high-grade dysplasia and carcinogenesis. Factors that influence neoplastic transformations were also analyzed. Neo-
plastic transformations were defined histologically by the presence of dysplasia or adenocarcinoma within GHPs. Further
details are presented in Figure 1.

Statistical analysis

All statistical analyses were performed using Statistical Product and service solutions statistics for windows, version 26.0
(international business machines corporation, Armonk, NY, United States). Normally distributed measurement data are
expressed as mean + SD, and comparisons between groups were made using ordinary analysis of variance and inde-
pendent sample t-test. Non-normally distributed measurement data are presented as median (range). Count data are ex-
pressed as percentages, and y* or Fisher’s exact test was used for comparisons between groups. Factors with significant
differences were entered into univariate logistic regression, followed by multivariate logistic regression analysis. The
results were determined using odds ratio (OR) and 95% confidence interval (CI). Statistical significance was set at P <
0.05.

RESULTS

General patient information

Between 2005 and 2021, 4010 cases of GHPs were confirmed based on gastroscopy and pathological examination at our
hospital. Among these, 3874, 119, and 17 cases were in the groups without intraepithelial neoplasia, with low-grade
intraepithelial neoplasia, and with high-grade intraepithelial neoplasia (5 cases with high-grade dysplasia and 12 with
carcinogenesis), respectively. The mean ages of patients in the hyperplastic polyp, low-grade intraepithelial neoplasia,
and high-grade intraepithelial neoplasia groups were 57.86 + 0.22, 64.49 + 1.13, and 67.93 + 2.55 years, respectively.
Continuous variables were transformed into grade variables, namely age (< 45, 45-65, and > 65 years), revealing sig-
nificant differences. The age of patients in the neoplastic transformation group increased significantly. In terms of sex,
GHPs without intraepithelial neoplasia were found more frequently in females (63%). In total, 49% of patients were male
in the intraepithelial neoplasia group. The number of male patients significantly differed among the groups (P < 0.05). H.
pylori infection was observed in 20%, 17%, and 12% of patients in the GHPs without intraepithelial neoplasia, with low-
grade intraepithelial neoplasia, and with high-grade intraepithelial neoplasia groups, respectively, with no significant
difference. Further details are presented in Table 1 and Table 2.

Endoscopic features
In terms of polyp size, the mean diameters of GHPs without intraepithelial neoplasia, with low-grade intraepithelial
neoplasia, and with high-grade intraepithelial neoplasia were 0.66 + 0.01, 1.25 + 0.07, and 2.2 + 0.32 cm, respectively, with
significant difference (P < 0.001). Continuous variables were transformed into grade variables, namely polyp size (<1 cm,
1 cm-2 cm, and > 2 cm), revealing significant differences. The diameter of GHPs with intraepithelial neoplasia was
significantly larger than in the GHPs group (x* = 203.055, P < 0.001), with 82% of GHPs with high-grade intraepithelial
neoplasia having a diameter of > 1 cm, which was significantly more frequent than in the low-grade intraepithelial
neoplasia group (P < 0.05). Among GHPs without intraepithelial neoplasia, 70.6% were mainly single, while the pro-
portion of multiple polyps increased with lesion progression. Multiple polyps were common (65%) in the high-grade
intraepithelial neoplasia group.

According to Yamada’s classification of polyps, simple GHPs were most commonly classified as Yamada type I (64%),
while the proportion of polyps that exhibited intraepithelial neoplasia was significantly reduced, only 26% (y*> = 169.676, P
< 0.001). High-grade intraepithelial neoplasia polyps showed a difference with pedunculated or semi-pedunculated
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Table 1 Features of gastric hyperplastic polyps in different groups and univariate logistic regression analysis of risk factors for

neoplastic transformation

GHPs without IN (n = GHPs with IN (n = X test Univariate analysis

3874) 136) y:value  Pvalue Pvalue  OR (95%Cl)
Age (mean + SD), years 57.86 +0.22 64.76 +1.04 37.178 <0.001 <0.001 1.761 (1.459-2.126)
<45 years, 1 (%) 699 (18) 9 (6)
45-65 years, n (%) 1988 (51) 54 (40)
> 65 years, n (%) 1187 (31) 73 (54)
Sex, 11 (%) 9.057 0.011 0.003 1.672 (1.188-2.356)
Male 1423 (37) 67 (49)
Female 2451 (63) 69 (51)
H. pylori infection, n (%) 782 (20) 22 (16) 1.865 0.172 0.174 0.721 (0.450-1.155)
Multiple polyps, 1 (%) 1122 (29.4) 62 (46) 23.162 <0.001 <0.001 2.275 (1.614-3.207)
Polyp size (mean + SD), cm 0.66 +0.01 203.055 <0.001 <0.001 3.634 (2.948-4.478)
<lcm 3406 (88) 66 (48)
1cm-2cm 374 (10) 53 (39)
>2cm 94 (2) 17 (13)
Endoscopic color, 1 (%) 18.626 <0.001 0.03 0.671 (0.472-0.972)
Normal 2113 (55) 53 (40)
Red 1488 (40) 82 (60)
White 275 (5) 1(0)
Mucosal erosion, 1 (%) 289 (8) 30 (22) 38.701 <0.001 <0.001 3.538 (2.318-5.402)
Polyp lobulation, 7 (%) 185 (5) 25 (18) 49.109 <0.001 <0.001 4.491 (2.840-7.102)
Mucosal roughness, 1 (%) 864 (22) 69 (51) 59.494 <0.001 <0.001 3.588 (2.542-5.064)
Endoscopic classification, 1 (%) 169.676 <0.001 <0.001 2.604 (2.210-3.067)
I 2480 (64) 35 (26)
)| 1007 (26) 42 (31)
il 233 (6) 27 (20)
v 155 (4) 32(23)
Location, 1 (%) 23.926 <0.001 <0.001 1.750 (1.384-2.212)
Upper third 1457 (38) 31 (23)
Middle third 1715 (44) 60 (44)
Lower third 702 (18) 45 (33)
Background gastric mucosa, 81.877 <0.001 <0.001 1.699 (1.472-1.960)
(%)
Autoimmune gastritis 364 (9.4) 29 (21)
Chronic superficial gastritis 2466 (64) 42 (31)
Chronic atrophic gastritis 712 (18) 31 (23)
Gastritis with IN 332 (9) 34 (25)

OR: Odds ratio; CI: Confidence interval; GHPs: Gastric hyperplastic polyps; IN: Intraepithelial neoplasia; H. pylori: Helicobacter pylori.
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Table 2 Multivariate logistic regression analysis of risk factors for neoplastic transformation of gastric hyperplastic polyps

Risk factors P value OR 95%Cl
Age

<65 years 1

> 65 year 0.003 1.789 1.227-2.609
Sex

Female 1

Male 0.006 1.680 1.158-2.438
Number

Single 1

Multiple (1 > 2) 0.003 1.851 1.230-2.784
Polyp size

<lcm 1

1cm-2cm <0.001 3.565 2.177-5.838
>2cm <0.001 3.756 1.909-7.392
Endoscopic color-red 0.701 0.916 0.619-1.356
Mucosal erosion 0.271 0.75 0.454-1.255
Polyp lobulation 0.264 0.73 0.432-1.263
Mucosal roughness 0.128 1.38 0.912-2.093
Shape

Non-pedunculated 1

Pedunculated or semi-pedunculated <0.001 2.722 1.689-4.388

Location, 1 (%)

Upper third 1
Middle third 0.066 0.609 0.368-1.011
Lower third 0.055 1.624 0.968-2.724

Background gastric mucosa

Chronic superficial gastritis 1

Chronic atrophic gastritis 0.014 1.876 1.134-3.103
Gastritis with intraepithelial neoplasia <0.001 5.299 3.173-8.849
Autoimmune gastritis <0.001 2.672 1.559-4.579

OR: Odds ratio; CI: Confidence interval.

shapes, as Yamada types IlI and IV classifications accounted for 47% and 41% of these polyps, respectively.

GHPs without intraepithelial neoplasia were observed in the upper and middle third of the stomach (38% and 44%,
respectively). Polyps with intraepithelial neoplasia were more likely to occur in the middle and lower third of the
stomach (44% and 33%, respectively), with significant differences between the groups (y* = 23.926, P < 0.001). Ad-
ditionally, Polyps with high-grade intraepithelial neoplasia were more likely to occur in the middle third of the stomach
(65%).

Regarding polyp colour, GHPs without intraepithelial neoplasia were mainly the colour of the surrounding mucosa.
The proportion of polyps with redness increased with lesion progression (58% and 76% of polyps in the low-grade and
high-grade intraepithelial neoplasia groups, respectively), with significant differences (y*> = 18.626, P < 0.001). Regarding
endoscopic morphology, lesion progression was accompanied by mucosal erosion, increased lobulation, and greater
surface roughness, with significant differences between the groups (P < 0.001). Further details are presented in Table 1.

Pathological features

We analyzed the pathological results of all polyps. The incidence of polyps with high-grade dysplasia and carcinogenesis
was 3.1% (124/4010) and 0.3% (12/4010), respectively. In the analysis of the background gastric mucosa, significant
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Retrospective analysis was performed on 4010 cases of gastric hyperplastic polyps diagnosed by
gastroscopy and pathological examination from 2005 to 2021

Endoscopic characteristics Pathological features
Patient information Number Helicobacter pylori infection
Age Size Background gastric mucosal
Sex Color characteristics
Associated with other Location Presence or absence of
stomach diseases Yamada type intestinal metaplasia, dysplasia,
Surface morphology and cancer

l | |
{ [

Gastric hyperplastic polyps with intraepithelial neoplasia
Gastric hyperplastic (n = 136 cases)
polyps without J 1
intraepithelial neoplasia
(n = 3874 cases) GHPs with low-grade IN GHPs with high-grade IN
(119 cases) (17 cases)

| | |

Factors with significant differences were entered into univariate logistic regression, followed by
multivariate logistic regression analysis

Figure 1 Flow diagram of date collection. GHPs: Gastric hyperplastic polyps; IN: Intraepithelial neoplasia.

differences were observed between the groups. The background gastric mucosa of GHPs mainly demonstrated chronic
superficial gastritis, accounting for 64%. However, in the group with intraepithelial neoplasia, autoimmune gastritis,
atrophic gastritis, and gastritis with intraepithelial neoplasia of the surrounding gastric mucosa were present in 21%, 23%,
and 25%, respectively, with significant differences (y* = 81.877, P < 0.001) (Table 1). Further details are presented in
Figure 2.

Univariate and multivariate analyses of the potential risk factors for neoplastic transformation

Univariate and multivariate logistic regression analyses were performed to explore potential associations between risk
factors and the presence of neoplastic transformation in GHPs. Low-grade and high-grade intraepithelial neoplasia
polyps were combined into one group (GHPs with intraepithelial neoplasia group) and compared with the GHPs without
intraepithelial neoplasia group. In the univariate analysis, significant differences were observed in the age and sex of
patients, and diameter, endoscopic classification, location, surface morphology (mucosal erosion, lobulation, and surface
roughness), and background gastric mucosa of polyps. The differences in these factors between groups were significant (
P < 0.05). More specifically, male sex, larger diameter, the presence of multiple polyps, red polyps, rough surface, erosion,
and lobulation in the middle third of the stomach, in addition to Yamada type III and IV classifications, with special
background gastric mucosa were risk factors for neoplastic transformation. However, no significant difference was
observed in terms of H. pylori infection (P > 0.05) (Table 1).

Statistically significant risk factors were included in multivariate logistic regression analysis. They were categorised
into two groups according to age (< 65 and 2 65 years), while polyps with pedunculated or semi-pedunculated shape
(corresponding to Yamada type III and IV classifications) were classified into one group and others polyps were
categorised into another group (corresponding to Yamada types I and II). The results showed that age > 65 years (OR =
1.789; 95%CI: 1.227-2.609; P = 0.003], male sex (OR = 1.680; 95%CI: 1.158-2.438; P = 0.006), multiple polyps (OR = 1.851;
95%Cl: 1.230-2.784; P = 0.003), and pedunculated or semi-pedunculated shape (OR = 2.722; 95%CI: 1.689-4.388; P < 0.001)
were significantly associated with GHPs that demonstrated neoplastic transformation. Additionally, polyp diameter was
an independent risk factor for harbouring a neoplasm in GHP. Compared with a size of <1 cm, diameters of 1 cm-2 cm
and > 2 cm significantly differed [(OR = 3.565; 95%Cl: 2.177-5.838; P < 0.001), (OR = 3.756; 95%CI: 1.909-7.392; P < 0.001),
respectively]. Multivariate analysis also showed that specific background gastric mucosa was an independent risk factor
for harbouring a neoplasm in GHPs. Compared with chronic superficial gastritis, autoimmune gastritis, atrophic gastritis,
and gastritis with intraepithelial neoplasia were significantly different (OR = 2.672; 95%CI: 1.559-4.579; P < 0.001), (OR =
1.876; 95%CI: 1.134-3.103; P = 0.014), and (OR = 5.299; 95%CI: 3.173-8.849; P < 0.001), respectively] (Table 2). Further
details are presented in Table 2. We generated a forest map based on independent risk factors, as shown in Figure 3.

GHPs with low-grade and high-grade intraepithelial neoplasia were selected for comparison and univariate regression
analysis. The result showed that compared with a size of <1 cm, a diameter of 1 cm-2 cm significantly differed (OR =
6.956; 95%CI: 1.159-41.729; P < 0.05), and pedunculated or semi-pedunculated shape (OR = 7.375; 95%CI: 1.615-33.671; P <
0.05) were significantly associated with GHPs that demonstrated high-grade intraepithelial neoplasia. No significant
difference was found in other univariate regression analyses between GHPs with low-grade and high-grade intrae-
pithelial neoplasia, as shown in Table 3.

Treatment

Regarding treatment, the total and curative resection rates of 17 patients with high-grade intraepithelial neoplasia were
100% each. These rates are considered to be due to the fact that the cancer focus was mostly located in the polyp, the
boundary was clear, and the operation was easy. The postoperative complication rate of ESD and EMR was 0, suggesting
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Table 3 Analysis of gastric hyperplastic polyps with low-grade and high-grade intraepithelial neoplasia

. o X’ test Univariate analysis
GHPs with low-grade IN (n=  GHPs with high-grade IN (n =
P P
119) 17) OR (95%Cl)
value value value

Age (mean + SD), years 64.49+1.13 67.93 +2.55 0.662'  0.404 1.461 (0.600-
3.555)

<45 years, n (%) 8(7) 1(6)

45-65 years, 1 (%) 49 (41) 5 (30)

> 65 years, 1 (%) 62 (52) 11 (65)

Sex (male), n (%) 57 (48) 10 (59) 0.710 0.399 0.402 1.544 (0.554-
4.355)

H. pylori infection, n (%) 20 (17) 2(12) 0.654'  0.655 0.702 (0.148-
3.322)

Multiple polyps, 1 (%) 51 (43) 11 (65) 2.035 0.154 0.542 2133 (0.741-
6.145)

Polyp size (mean + SD), cm 1.25 £0.07 22+0.32 16.624  0.024 0.017

<lcm 63 (52) 3 (18) - 1

1cm-2 cm 46 (39) 7 (41) 0.034 6.956 (1.159-
41.729)

>2cm 10 (8) 7 (41) 0.490 1.766 (0.352-
8.865)

Endoscopic color, 1 (%) 3.382 0.184 0.232 2.455 (0.826-
7.294)

Normal 50 (42) 4(24)

Red 69 (58) 13 (76)

Mucosal erosion, 1 (%) 23 (20) 7 (41) 4.403 0.051 0.224 2.891 (0.994-
8.411)

Polyp lobulation, 7 (%) 19 (16) 6 (35) 3.704 0.054 0.086 2.781 (0.947-
8.703)

Mucosal roughness, . (%) 58 (49) 11 (65) 1.517 0.218 0.237 1.928 (0.670-
5.552)

Endoscopic classification, 1 (%) 0.020" 0331

I 35 (29) 0(0)

I 40 (34) 2(12)

I 19 (16) 8 (47)

v 25 (21) 7 (41)

Shape, 1 (%) 8.600 0.003

Non-pedunculated 75 (63) 2(12) - 1

Pedunculated or semi- 44 (37) 15 (82) 0.010 7.375 (1.615-

pedunculated 33.671)

Location, n (%) 4451 0.103 0.302 0.632 (0.316-
1.263)

Upper third 27 (23) 4 (24)

Middle third 49 (41) 11 (65)

Lower third 43 (36) 2(12)

Background gastric mucosa, 1 0.553'  0.644 1.788 (0.362-

(%) 8.388)

Autoimmune gastritis 24 (20) 5(29)

Chronic superficial gastritis 39 (33) 3 (18)
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Chronic atrophic gastritis 26 (22) 5(29)

Gastritis with IN 30 (25) 4(24)

1P value means using Fisher’s exact test.
OR: Odds ratio; CI: Confidence interval; GHPs: Gastric hyperplastic polyps; IN: Intraepithelial neoplasia; H. pylori: Helicobacter pylori.

that endoscopic treatment was effective.

DISCUSSION

Gastric polyps are a simple type of stomach polyp that usually cause mucosal damage, most commonly in cases of
chronic and autoimmune gastritis caused by H. pylori infection. They are generally considered benign; however, in a few
cases, they may progress to dysplasia (0.2%-10%) and adenocarcinoma (0.6%-3%)[2]. The neoplastic transformation of
gastric polyps is diagnosed based on the current Nakamura criteria as follows: (1) Benign and neoplastic lesions coexist in
the same polyp; (2) Sufficient evidence indicates that the benign part has the characteristics of benign polyps, and (3) The
neoplastic part has obvious cellular and structural atypia[3]. In this study, the tissue carcinogenesis rate of GHPs was
0.3%, and the probability of concurrent dysplasia and intestinal metaplasia occurrence was 3.1% and 5%, respectively,
which is broadly consistent with previous findings[4].

Regarding clinical features, the incidence of GHPs increased with age. The mean age of the patients in this study was
58 years, of which 45-65 years were the age groups with the highest incidence (51%). Furthermore, the incidence of GHPs
was higher in females (63%). We observed significant differences in the age and sex of patients among the groups. The
probability of neoplastic transformation of polyps increased with older age, whereas the proportion of neoplastic tran-
sformation was significantly higher in males with polyps.

Regarding the endoscopic features, an increasing number of reports have recently emerged on GHPs combined with
neoplastic changes. A polyp size of > 1 cm is considered a risk factor for neoplastic transformation[3]. The erosive mor-
phology differs significantly between hyperplastic polyps with neoplastic transformation and simple hyperplastic polyps
(P <0.005)[5]. In our study, large polyps, the presence of multiple polyps, rough surface, lobulation, mucosal erosion, and
Yamada type III and IV classifications were considered risk factors for neoplastic transformation, suggesting that polyp
morphology should be considered. In several international studies, multivariate analysis revealed a diameter of > 25 mm
(OR = 84; 95%Cl: 7.4-954), peripheral mucosal findings, accompanied by intestinal metaplasia (OR = 7.6; 95%CI: 1.0-55)
and dysplasia (OR = 86; 95%CI: 10-741) to be significantly correlated with the neoplastic transformation of polyps[6].

Furthermore, the relationship between H. pylori infection and GHPs remains unclear. A large database study in the
United States showed that the rate of H. pylori infection in the hyperplastic polyp group was lower than that in the control
group[”/]. However, considering the factors influencing the background gastric mucosa and the possibility of previous
eradication of H. pylori infection is essential in the treatment of hyperplastic polyps[8]. The British gastroenterological of
society strongly recommends the eradication of H. pylori in patients with hyperplastic polyps and endoscopic follow-up
after 3-6 months of treatment[9]. H. pylori is considered a carcinogen of gastric cancer; however, in our study on the neo-
plastic transformation of GHPs, H. pylori infection was not found to be a significant risk factor (P > 0.05) after comparison
between the groups. Even when compared with the group without intraepithelial neoplasia, it showed a gradually
decreasing trend. Therefore, the carcinogenic mechanism may differ from that of H. pylori causing gastric cancer, which is
an interesting finding,.

GHPs are usually associated with inflammatory lesions of the local gastric mucosal tissue, particularly long-standing
H. pylori infection-associated gastritis and autoimmune metaplastic atrophic gastritis[4], which are used as markers of an
abnormal background gastric mucosa rather than an isolated pre-neoplastic lesion. According to Orlowska et al[10], the
risk of developing neoplastic tumours in the gastric mucosa outside the polyps is slightly higher than that in the polyps.
Markowski et al[4] reported a 7.1% chance of neoplastic transformation of the mucosa around the gastric polyp, whereas
the polyp was neoplastic with a conversion rate of 2.1%.

In our study, multivariate analysis showed that specific background gastric mucosa was an independent risk factor for
harbouring a neoplasm in GHPs. Compared with chronic superficial gastritis, autoimmune gastritis, atrophic gastritis,
and gastritis with intraepithelial neoplasia were significantly different [(OR = 2.672; 95%CI: 1.559-4.579; P < 0.001), (OR =
1.876; 95%ClI: 1.134-3.103; P = 0.014), and (OR = 5.299; 95%CI: 3.173-8.849; P < 0.001), respectively] (Table 2). In the high-
grade intraepithelial neoplasia group, chronic atrophic gastritis with intraepithelial neoplasia accounted for 24% of cases
(4/17), of which two were cases of gastric cancer. Autoimmune gastritis in the background gastric mucosa accounted for
29% of cases (5/17) in the high-grade intraepithelial neoplasia group, which is consistent with previous studies showing
that patients with autoimmune gastritis are prone to polyp. Although the mechanism remains unclear, some studies
suggest that it is related to mucosal atrophy or hypergastrinemia blood syndrome[11]. In Japan, a case of hyperplastic
polyp carcinogenesis with submucosal and lymphatic invasion occurring on the basis of gastritis has been reported[12].
Therefore, the association between the background gastric mucosa and hyperplastic polyps should be emphasised in the
clinical diagnosis of gastric polyps, and an adequate biopsy of the surrounding mucosa is recommended to evaluate any
underlying gastric disease[13].
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Figure 2 Endoscopic and pathological features of gastric hyperplastic polyps. A: Gastric hyperplastic polyp, smooth surface, same color as
surrounding mucosa; B: Pathological manifestation of gastric hyperplastic polyps (Hematoxylin-eosin staining); C: Gastric hyperplastic polyp with carcinomatous
transformation, with multiple pedunculated/sub-pedunculated shape, measuring > 3 cm in diameter, rough and red surface; D and E: The pathology of gastric
hyperplastic polyp with carcinomatous transformation (Hematoxylin-eosin staining); F: Ki-67 positive of the lesion (immunohistochemical staining).

Studies have shown that cancers associated with GHPs are highly differentiated. Among the 17 patients in our study,
except for 5 cases of high-grade intraepithelial neoplasia, the rest were differentiated cancers. Four cases were tubular
adenocarcinoma, and one was papillary adenocarcinoma, all of which were differentiated adenocarcinomas. However,
the remaining seven cases could not be conclusively diagnosed with a specific pathological type, and no poorly differen-
tiated or undifferentiated cancers were found. These findings align with the results of previous literature and are also
comparable to those reported in other studies. Of these cases, immune combination analysis revealed that two cases were
caudal type homeobox (CDX)-2 (-) and one was CDX-2 (+). Currently, the exact mechanism underlying the carcinogenesis
of hyperplastic polyps remains unclear. Previous studies have suggested that the most simple tissue type of hyperplastic
polyps is differentiated adenocarcinoma[14]. A small number of poorly differentiated adenocarcinomas have been re-
ported. Imura et al[15] studied six cases of cancerous polyps. Mucin (MUC) 5AC was detected in the normal, dysplastic,
and cancerous parts of the polyp, and MUC2 was negative, supporting the diagnosis of adenocarcinoma as the gastric
phenotype[15]. Terada[16] found that all cancerous lesions in GHPs were p53 positive with high expression of the Ki-67
marker and that 82% of 51 patients with GHP dysplasia were also p53 positive with dysplastic lesions, exhibiting a higher
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Category P value OR (95%CI) Forest plot
Age i
< 65years - 1 $
> 65year 0.003 1.789 (1.227-2.609) i ——
Sex i
Female - 1 ‘
Male 0.006 1.68 (1.158-2.438) |——
Number i
Single - 1 $
Multiple (7 = 2) 0.003 1.851 (1.23-2.784) i ——
Polyp size i
= lcm - 1 #
1-2cm < 0.001 3.565 (2.177-5.838) i ————
> 2cm < 0.001 3.756 (1.909-7.392) : *
Shape i
Non-pedunculated - 1 +
Pedunculat or semi-pedunculated < 0.001 2.722 (1.689-4.388) | ——
Background gastric mucosa |
Chronic superficial gastritis - 1 +
Chronic atrophic gastritis 0.014 1.876 (1.134-3.103) |——
Gastritis with intraepithelial neoplasia < 0.001 5.299 (3.173-8.849) i *
Autoimmune gastritis < 0.001 2.672 (1.559-4.579) i ————
0 2 " 6 8§ 10
OR

Figure 3 Forest plot of risks for neoplastic transformation of gastric hyperplastic polyps. OR: Odds ratio; Cl: Confidence interval.

Ki-67 Labelling index. However, the intestinal metaplasia within GHPs that were p53-negative showed low Ki-67
staining. Their study suggests that intestinal metaplasia is unrelated to the neoplastic transformation of GHPs, contra-
dicting the theory of the GHP enteric-dysplasia-carcinogenic sequence and strongly suggesting the presence of
hyperplasia-dysplasia-adenocarcinoma sequences.

This study has some limitations. First, the overall number of carcinogenesis cases in this study was small. Therefore,
further expanding the sample size is necessary for more in-depth research to explore the risk factors for neoplastic
transformation. Other limitations of the study include its single-center and retrospective design. Additionally, basic
experiments such as specific immunohistochemical experiments or analyses of gene expression are needed to further
explore the specific mechanisms underlying the carcinogenesis of hyperplastic polyps. However, the overall sample size
of this study was large, and we believe that the results will contribute to the clinical treatment of GHPs.

CONCLUSION

GHPs pose a risk of neoplastic transformation; however, the mechanism remains unclear and needs to be further ex-
plored. Polyps with large endoscopic diameter (> 1 cm), multiple polyps, pedunculated or semi-pedunculated shape,
diameter of > 1 cm, specific background gastric mucosa, age > 65 years, and male sex were independent risk factors.
Clinicians should be alert to the possibility of neoplastic transformation to improve the diagnosis rate of the neoplastic
transformation of GHPs. The association between the background gastric mucosa and the neoplastic transformation of
GHPs should be emphasised in the clinical diagnosis. During endoscopy, the background mucosa should also be care-
fully observed if necessary. Furthermore, H. pylori infection was not found to be a significant risk factor (P > 0.05) after
comparison between the groups. Even when compared with the group without intraepithelial neoplasia, it showed a
gradually decreasing trend, which is an interesting finding.
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