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Objective: The aim of this study is to elucidate the developmental process,

progression patterns, and histomorphological features of gastric-type

intramucosal papillary adenocarcinoma.

Methods: This study employed a retrospective research method. Histological

examination and immunohistochemical analyses were conducted on

endoscopic biopsy samples and endoscopic submucosal dissection (ESD)

specimens from 450 cases of superficial gastric epithelial lesions.

Results: Atrophic changes in gastric foveolar epithelium, resulting from

infectious, chemical, autoimmune, or genetic factors, were associated with a

sequential process of tumorigenesis in gastric intramucosal papillary

adenocarcinoma. This process involved two phases of compensatory epithelial

proliferation followed by three distinct stages of neoplastic transformation. The

initial compensatory phase was characterized histologically by papillary

hyperplasia of the gastric crypt epithelium. The second phase, representing

transitional or dysregulated proliferation, was observed as gastric surface

epithelial-type adenoma. The first neoplastic stage was identified as gastric-

type low-grade intraepithelial neoplasia, followed by high-grade intraepithelial

neoplasia, and culminating in the third stage as gastric-type intramucosal

papillary adenocarcinoma. The progression of these stages was delineated

based on histopathological features and immunophenotypic profiles.

Conclusion: Recognizing the histopathological and immunophenotypic features

involved in the stepwise development of gastric-type papillary adenocarcinoma

enhances the accuracy of clinical management and surveillance of neoplastic

progression. This has significant implications for early intervention and

prevention of gastric cancer progression.
KEYWORDS

immunohistochemistry, gastric neoplasms, gastric-type adenocarcinoma, neoplastic
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1 Introduction

Gastric carcinogenesis is a multistep and multifactorial process

driven by complex interactions between genetic predisposition and

environmental factors. Recognition of predisposing conditions and

precursor lesions is critical for effective screening and early

intervention strategies. Gastric cancer (GC) remains highly

prevalent across Asia and has shown an increasing incidence in

the United States (1–3). The limited efficacy of surgical intervention

in advanced-stage GC has prompted ongoing efforts to improve

early detection and develop more effective therapeutic approaches

(4, 5).

Gastric adenocarcinoma (GA), which originates from the

gastric mucosal epithelium, comprises multiple histological

subtypes. Based on the Lauren classification, intestinal-type GA

accounts for approximately 64.6%, diffuse-type for 24.6%, and

mixed-type for 10.8% (6, 7). Gastric-type adenocarcinoma,

including the foveolar subtype, is relatively uncommon. Foveolar-

type adenocarcinoma, particularly in cases managed with

endoscopic submucosal dissection (ESD), has been associated

with favorable clinical outcomes. This neoplasm is typically

diagnosed at an early stage and is characterized by a high degree

of differentiation, with malignant epithelial cells exhibiting

morphological features resembling normal foveolar or pyloric

epithelium. Despite its clinical relevance, there is limited

awareness of its histopathological features among pathologists,

and few studies have evaluated interobserver variability in its

diagnosis (8, 9).

Hyperplasia of the gastric surface (foveolar) epithelium arises in

response to a range of etiological factors. Existing clinicopathological

literature on foveolar hyperplasia (FH) is largely descriptive and often

lacks specificity regarding the extent and severity of mucosal injury.

This limitation hinders the development of tailored clinical

interventions. Prior investigations have shown that epithelial

proliferation in the gastric surface epithelium, triggered by various

stimuli, results in distinct and recognizable morphological changes.

The etiology and progression patterns of FH have encompassed

several subtypes, including ordinary FH, drug-induced FH,

Helicobacter pylori (HP)-associated FH, metaplastic FH, and

atrophic FH. In addition, cases involving foveolar epithelial

neoplasia and proliferative transformation have also been

documented, along with progression to signet-ring cell carcinoma

originating from the foveolar epithelium (10–12).

This study explored the formation and underlying mechanisms

of early-stage gastric-type adenocarcinoma using histomorphological

assessment and immunohistochemical analysis. The resulting

findings offer pathological insights relevant to guiding

individualized therapeutic strategies and facilitating the surveillance

of proliferative transformation, thereby contributing to the control of

foveolar epithelial carcinoma development and progression.
Abbreviations: H.pylori, Helicobacter pylori; ESD, endoscopic submucosal

dissection; GA, gastric-type adenocarcinoma; GIM, Gastric intestinal metaplasia.
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2 Materials and methods

2.1 Clinical data

This study employed a retrospective research method. A total of

450 patients diagnosed with gastric surface epithelial lesions by

histopathological evaluation were included in this study. Specimens

were collected between December 2023 and February 2025 from

Shenzhen Longgang District Fourth People’s Hospital, Shenzhen

Hospital of Southern Medical University, and the 80th Army Group

Hospital. This study was conducted with approval from the Ethics

Committee of The Fourth People’s Hospital of Longgang District

(Approval No. LGKCYLWS2023034).

Inclusion criteria: (1) Age between 21 and 76 years old;

(2) Patients do not have other malignant tumors; (3) Patients

have no history of gastric ulcers or other diseases; (4) Patients or

their family members have signed informed consent; (5) Basic

information of patients is complete.

Exclusion criteria: (1) Patients are pregnant; (2) Patients’

information is incomplete.

Among these cases, 9 involved gastric-type high-grade

intraepithelial neoplasia, 2 were diagnosed as gastric-type

intramucosal papillary adenocarcinoma, and 6 presented with

mixed gastr ic intes t ina l- type intramucosa l papi l lary

adenocarcinoma; all 17 underwent ESD. The remaining 433 cases

did not reach the level of high-grade intraepithelial neoplasia. All

pathological results are independently diagnosed by two

pathologists with intermediate or higher professional titles. In

case of any disagreement, the department head has the final

decision-making power.

Three to five mucosal tissue specimens were biopsied from each

site. Specimens were fixed in 10% neutral buffered formalin,

processed routinely, embedded in paraffin, sectioned at 4 mm
thickness, and stained with hematoxylin-eosin (H&E) and

underwent immunohistochemical analysis.
2.2 Histomorphological staging

Histopathological diagnoses were established in accordance

with the 2019 World Health Organization Classification of

Digestive System Tumours and recognized criteria for gastric

tumor pathology (13, 14). Lesions were classified based on the

developmental sequence and progression of foveolar hyperplastic-

to-neoplastic transformation, as well as the degree of dysplastic

epithelial proliferation. Lesions were classified into seven sequential

histological stages reflecting the progression from precursor lesions

to invasive carcinoma: (1) foveolar epithelial atrophy, (2) foveolar

papillary hyperplasia, (3) foveolar polyp/surface epithelial adenoma,

(4) foveolar low-grade intraepithelial neoplasia, (5) foveolar high-

grade intraepithelial neoplasia, (6) foveolar intramucosal papillary

adenocarcinoma, and (7) mixed gastric-intestinal type intramucosal

papillary adenocarcinoma.
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2.3 Immunohistochemical staining

To distinguish between gastric and intestinal epithelia,

immunohistochemical methods are employed. Immunohistochemical

staining was conducted using the EnVision two-step method. Primary

antibodies included those against HP, CK7, CK20, CEA, MUC5AC,

MUC1, MUC2, MUC6, Villin, CDX2, p53, and Ki-67. All reagents and

antibody solutions were purchased from Guangzhou Xiuwei

Technology Co., Ltd. Staining procedures were carried out in strict

accordance with the manufacturer’s instructions.
3 Results

3.1 Clinical features

Among the 450 patients included in the study, 278 were male

and 172 were female. Lesion locations included the gastric angle (31

cases), antrum (24 cases), body (17 cases), and fundus (11 cases).

Patients aged ≤ 60 years comprised 55.8% (251/450) of the cohort,

while those aged > 60 years accounted for 44.2% (199/

450) (Table 1).
3.2 Development and progression of
gastric-type papillary carcinoma

Exposure of the gastric mucosa to infectious agents, chemical

irritants, autoimmune responses, or inherited genetic abnormalities

was associated with the development of foveolar epithelial atrophy.

This atrophic change was followed by compensatory proliferation

within the deep foveolar zone, which progressed through stages

of proliferative transformation and neoplastic progression,

ultimately resulting in the formation of intramucosal papillary

adenocarcinoma (Figure 1).
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3.3 Histomorphological features of gastric-
type papillary carcinoma development

Seven distinct histological stages were delineated in the

progression from foveolar epithelial atrophy to intramucosal

papillary adenocarcinoma.

Foveolar epithelial atrophy is histologically characterized by

the thinning of the foveolar epithelial layer. In advanced cases,

there is discontinuity of the epithelial layer (note: this change

is only observed in severe cases with long-term etiological

exposure, confirmed by double-blind review and quality control

procedures to rule out artificial interference) (Figure 2A).

Papillary hyperplasia of the gastric surface epithelium shows

mixed proliferation of foveolar and crypt epithelium, forming

well-polarized papillary structures (Figure 2B). Gastric surface

epithelial adenoma demonstrates mixed proliferation of

foveolar and crypt epithelium, forming disorganized papillary

structures (Figure 2C).

In gastric-type low-grade intraepithelial neoplasia, epithelial cells

show cytological and architectural atypia with nuclear enlargement,

an increased nuclear-to-cytoplasmic ratio, and prominent nucleoli

(Figure 2D). Gastric-type high-grade intraepithelial neoplasia is

characterized by proliferative cells with nuclear enlargement and an

increased nuclear-cytoplasmic ratio. Approximately 30%–50% of

cells display prominent nucleoli, while 5%–20% contain

intranuclear eosinophilic inclusions. Mitotic figures are observed at

a frequency of 2–3 per high-power field (HPF), and the Ki-67 labeling

index ranged from 30%–60% (Figure 2E).

Gastric-type intramucosal papillary adenocarcinoma exhibits

neoplastic glandular epithelium with morphological and

immunophenotypic features of both foveolar and crypt

epithelium. The nuclei are basally located, irregular in shape, and

crowded, with 1–2 nucleoli and mitotic figures at a frequency of 3–

6/HPF (Figure 2F). The mixed gastric-intestinal type intramucosal

papillary adenocarcinoma shows neoplastic glandular epithelium
TABLE 1 Staging of gastric intramucosal papillary adenocarcinoma: distribution by sex and age.

Stage N (%)
Gender Age Group

Male Female ≤60 >60

Foveolar epithelial atrophy 182(44.8) 113(62.1) 69(37.9) 105(57.7) 77(42.3)

Papillary hyperplasia of gastric surface epithelium 174(19.4) 106(60.9) 68(39.1) 98(56.3) 76(43.7)

Gastric surface epithelial adenoma 35(8.3) 22(62.9) 13(37.1) 20(57.1) 15(42.9)

Gastric-type low-grade intraepithelial neoplasia 42(1.3) 26(61.9) 16(38.1) 22(52.4) 20(47.6)

Gastric-type high-grade intraepithelial neoplasia 9(1.3) 6(66.7) 3(33.3) 4(44.4) 5(55.6)

Gastric-type intramucosal papillary adenocarcinoma 2(1.3) 1(50.0) 1(50.0) 0 2(100)

Mixed gastric-intestinal type intramucosal papillary
adenocarcinoma

6(1.3) 4(66.6) 2(33.3) 2(33.3) 4(66.6)

Total 450 278(61.8) 172(38.2) 251(55.8) 199(44.2)
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FIGURE 2

Histomorphological characteristics of gastric-type papillary carcinoma development and progression. (A) Foveolar epithelial atrophy: Atrophy of the
foveolar epithelial layer, complete loss in severe cases (H&E staining ×100). (B) Papillary hyperplasia of gastric surface epithelium: Mixed proliferation
of foveolar and crypt epithelium forming well-polarized papillary structures (H&E staining ×200). (C) Gastric surface epithelial adenoma: Mixed
proliferation of foveolar and crypt epithelium forming disorganized papillary structures (H&E staining ×200). (D) Gastric-type low-grade intraepithelial
neoplasia: Glandular epithelial cells irregularly arranged with enlarged nuclei and increased nuclear-cytoplasmic ratio (H&E staining ×100).
(E) Gastric-type high-grade intraepithelial neoplasia: Proliferative cells with enlarged nuclei and increased nuclear-cytoplasmic ratio, with 30-50%
showing enlarged prominent nucleoli (H&E staining ×100). (F) Gastric-type intramucosal papillary adenocarcinoma: Proliferative transformed
glandular epithelium with morphological characteristics of both foveolar and crypt epithelium (H&E staining ×100). (G) Mixed gastric-intestinal type
intramucosal papillary adenocarcinoma: Proliferative transformed glandular epithelium with mixed morphological characteristics of foveolar, crypt,
and intestinal epithelium (H&E staining ×100).
FIGURE 1

Schematic diagram of development and progression of gastric intramucosal papillary adenocarcinoma and its histomorphological characteristics.
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TABLE 2 Staging and histopathological characteristics of gastric intramucosal papillary adenocarcinoma.

Lesion type Histopathological type Histopathological characteristics

Foveolar epithelial atrophy –

Characterized by destruction and loss of the papillary structure of the foveolar
epithelium, typically resulting from chronic infection or chemical irritation to the
gastric mucosa. Histological examination reveals a marked reduction in foveolar
epithelial cells. Normal architecture can be restored after elimination of causative

factors.

Compensatory proliferation of cells in
the deep foveolar zone

–

Persistent mucosal injury resulting from infection or chemical irritation promoted
compensatory epithelial cell proliferation in the deep foveolar zone, as well as in

the isthmus and neck regions of the gastric glands. Morphologically, this manifests
mainly as compensatory proliferation and dysregulated compensatory proliferation.

Papillary hyperplasia of the gastric surface
epithelium

Enhanced upward migration of cells from the proliferative regions of the deep
foveolar zone, gastric gland isthmus, and neck, forming compensatory hyperplasia.

Hyperplastic glands and cells maintain normal polarity, also termed polar
compensatory proliferation. Histologically, mixed proliferation of foveolar and

crypt epithelium forms well-polarized papillary structures. Normal architecture can
be restored after removal of causative factors.

Gastric surface epithelial adenoma

Enhanced upward migration of cells from proliferative regions of the deep foveolar
zone, gastric gland isthmus, and neck, forming persistent compensatory

hyperplasia. Hyperplastic glands and cells show transitional compensatory
proliferation and/or dysregulated compensatory proliferation. Histologically, mixed

proliferation of foveolar and crypt epithelium forms disorganized papillary
structures, also termed neoplastic proliferation. Regression was possible following

resolution of the injurious stimuli.

Proliferative-transformative-neoplastic
changes in the deep foveolar zone cells

–

Continued exposure to pathogenic or chemical factors induced proliferative
transformation of stem cells within the deep foveolar zone, gastric gland isthmus,

and neck. Morphologically, this manifests mainly as gastric-type low-grade
intraepithelial neoplasia and gastric-type high-grade intraepithelial neoplasia.

Gastric-type low-grade intraepithelial
neoplasia

First proliferative transformation of stem cells in proliferative regions of the deep
foveolar zone, gastric gland isthmus, and neck, showing varying degrees of
cytological and architectural atypia. Histological features included irregular

glandular arrangement, nuclear enlargement, an increased nuclear-to-cytoplasmic
ratio, and prominent enlarged nucleoli.

Gastric-type high-grade intraepithelial
neoplasia

Gastric-type high-grade intraepithelial neoplasia refers to further development of
stem cells in proliferative regions, representing the second proliferative

transformation process. This transformation is characterized mainly by mixed
continuation of foveolar and crypt epithelium. Abnormally proliferative

transformed cells form irregular glandular or branching structures. Histologically,
nuclei are enlarged with increased nuclear-cytoplasmic ratio; approximately 30–
50% show enlarged prominent nucleoli; 5–20% contain intranuclear eosinophilic
inclusions. Mitotic figures: 2-3/HPF; Ki-67 positive cells: 30–60%. This lesion
demonstrates irreversible proliferation, and ESD resection is recommended.

Intramucosal papillary
adenocarcinoma

–

When gastric mucosa is persistently affected by infection and chemical irritation,
stem cells in proliferative regions of the deep foveolar zone, gastric gland isthmus,
and neck undergo a third proliferative transformation process. Since proliferative
zones contain various poorly differentiated cells, morphologically this manifests
mainly as gastric-type intramucosal papillary adenocarcinoma and mixed gastric-

intestinal type intramucosal papillary adenocarcinoma.

Gastric-type intramucosal papillary
adenocarcinoma

Gastric-type intramucosal papillary adenocarcinoma refers to continued
development of stem cells in proliferative regions, mainly involving mixed
proliferative transformation of foveolar and crypt epithelium. Histologically,
proliferative transformed glandular epithelium exhibits morphological and

immunophenotypic features characteristic of both foveolar and crypt epithelium.
Nuclei are basally located; in actively proliferating areas, appear hyperchromatic,
irregular in shape, and densely crowded, with 1–2 visible nucleoli and 3–6 mitotic

figures per HPF.

Mixed gastric-intestinal type intramucosal
papillary adenocarcinoma

Mixed gastric-intestinal type intramucosal papillary adenocarcinoma refers to
continued development of stem cells in proliferative regions, mainly involving
mixed proliferative transformation of foveolar, crypt, and intestinal epithelium.
Histologically, proliferative transformed glandular epithelium displays mixed
morphological characteristics and immunophenotype of foveolar, crypt, and
intestinal epithelium. Nuclei are basally located, irregular in shape, and
hyperchromatic, with 1–2 nucleoli and 3–6 mitotic figures per HPF.
F
rontiers in Oncology
 05
 frontiersin.org

https://doi.org/10.3389/fonc.2025.1681155
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1681155
with combined morphological and immunophenotypic features of

foveolar, crypt, and intestinal epithelium (Figure 2G) (Table 2).
3.4 Immunohistochemical results

Immunohistochemical evaluation demonstrated stage-specific

expression patterns of diagnostic markers throughout the

progression of gastric-type lesions.

In foveolar epithelial atrophy, positive staining for HP

confirmed the presence of HP infection (Figure 3A). Papillary

hyperplasia of the gastric surface epithelium exhibited positive

MUC1 expression (Figure 3B), while gastric surface epithelial

adenoma demonstrated positivity for MUC5AC (Figure 3C).

Gastric-type low-grade intraepithelial neoplasia showed co-

expression of carcinoembryonic antigen (CEA) and MUC6

(Figure 3D). In gastric-type high-grade intraepithelial neoplasia, p53

positivity was observed (Figure 3E). Gastric-type intramucosal papillary

adenocarcinoma was associated with a Ki-67 labeling index ranging

from 60%–70%, indicating high proliferative activity (Figure 3F).

The mixed gastric-intestinal type intramucosal papillary

adenocarcinoma displayed immunopositivity for MUC2, villin,

and CDX2, consistent with features of intestinal differentiation.

(Figure 3G) (Table 3).
4 Discussion

The fifth edition of theWorld Health Organization Classification of

Digestive System Tumours (2019) introduced gastric foveolar (crypt)
Frontiers in Oncology 06
dysplasia within the section on benign epithelial tumors and

precancerous lesions of the stomach (13). Gastric mucosal epithelial

dysplasia manifests as four types: adenomatous, crypt, regenerative,

and cystic. Among these, gastric crypt dysplasia represents a distinct

pathological entity (15). Previous studies have indicated a frequent

association between gastric-type adenocarcinoma and crypt epithelial

dysplasia, suggesting that crypt dysplasia serves as both a key precursor

lesion and a histomorphological intermediary in the gastric

carcinogenic pathway (16–18).

GC typically arises from a continuum of precursor lesions such

as mucosal atrophy, intestinal metaplasia, epithelial dysplasia, and

chronic inflammatory cell infiltration, each contributing to the

emergence of diverse histopathological patterns (19–22).

However, comprehensive investigations detailing the carcinogenic

sequence and histological progression of lesions originating from

the gastric crypt epithelium remain limited.

In the present study, exposure of the gastric mucosa to

infectious or chemical irritation, autoimmune disease, or genetic

factors was found to induce foveolar epithelial hyperplasia. In cases

involving sustained or severe injury, progression to foveolar

epithelial atrophy occurred. This was followed by compensatory

proliferation of epithelial cells within the deep foveolar zone, which

histologically manifested as papillary hyperplasia and neoplastic

proliferation of the crypt epithelium.

The developmental trajectory of gastric intramucosal papillary

adenocarcinoma (GIPA) appeared to proceed through four

consecutive stages: (1) foveolar epithelial atrophy; (2) compensatory

proliferation of deep foveolar zone cells; (3) proliferative, transformative,

and neoplastic changes within the deep foveolar epithelium; and (4) the

emergence of intramucosal papillary adenocarcinoma.
FIGURE 3

Immunohistochemical staining results of gastric-type papillary carcinoma development and progression. (A) Foveolar epithelial atrophy: Atrophy of
foveolar epithelial layer with only one epithelial layer remaining and loss of foveolar. HP positive expression (EnVision method, ×200, ×100).
(B) Papillary hyperplasia of gastric surface epithelium: MUC1 positive expression (EnVision method, ×40). (C) Gastric surface epithelial adenoma:
MUC5AC positive expression (EnVision method, ×100). (D) Gastric-type low-grade intraepithelial neoplasia: MUC6 positive expression (EnVision
method, ×20). (E) Gastric-type high-grade intraepithelial neoplasia: p53 positive expression (EnVision method, ×100). (F) Gastric-type intramucosal
papillary adenocarcinoma: Ki-67 positive cells 60-70% (EnVision method, ×100). (G) Mixed gastric-intestinal type intramucosal papillary
adenocarcinoma: CDX2 positive expression (EnVision method, ×100).
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Seven distinct histomorphological patterns were observed

during the progression from foveolar epithelial atrophy to

intramucosal papillary adenocarcinoma: (1) Foveolar epithelial

atrophy: characterized by thinning or complete loss of the

foveolar epithelial layer. Proliferative activity was absent or

markedly reduced in the deep foveolar zone, gastric gland

isthmus, and neck regions, although the overall glandular

architecture remained largely preserved. (2) Papillary hyperplasia

of crypt epithelium: marked by enhanced upward migration of

epithelial cells from the deep foveolar zone, isthmus, and neck

proliferative regions. This resulted in compensatory hyperplasia

with preserved glandular polarity, referred to as polar compensatory

hyperplasia. (3) Crypt epithelial adenoma: represented a

continuation of the compensatory hyperplasia, with sustained

upward migration and proliferation of epithelial cells. Glandular

and cellular architecture demonstrated transitional or dysregulated

features, consistent with neoplastic proliferation. (4) Gastric-type

low-grade intraepithelial neoplasia: in this stage, epithelial cells in

the deep foveolar zone cells exhibited proliferative, transformative,

and neoplastic changes, accompanied by varying degrees of

cytological and architectural atypia. (5) Gastric-type high-grade

intraepithelial neoplasia: further progression of proliferative-

transformative-neoplastic changes in the deep foveolar zone cells.

(6) Gastric-type intramucosal papillary adenocarcinoma: developed

through excessive proliferation of mucous neck cells located in the

gastric gland isthmus and neck regions. (7) Mixed gastric-intestinal

type intramucosal papillary adenocarcinoma: arising from aberrant

proliferation of stem cells within gastric proliferative zones.

Gastric intramucosal adenocarcinoma represents an early stage

of GC and is commonly treated with ESD (23, 24). Papillary

adenocarcinoma is characterized by distinct papillary or villous

architecture. Previous studies have demonstrated that papillary GA

is associated with specific clinical and molecular characteristics,

including older age at diagnosis, elevated carcinoembryonic antigen

levels, differentiation grade, perineural invasion, overexpression of

human epidermal growth factor receptor 2 (HER2), and P53 gene

mutation status (25).

A documented case of early-stage gastric papillary

adenocarcinoma demonstrated disease recurrence following

curative surgical resection. Although histopathological assessment
Frontiers in Oncology 07
revealed intramucosal cancer without evidence of lymphovascular

invasion or lymph nodal metastasis, imaging performed 8 months

postoperatively revealed osteolytic lesions in the right sacrum, and

biopsy confirmed bone metastasis (26).

Early GA often lacks the cellular morphology, histological

architecture, and tumor microenvironment components including

fibroblasts, macrophages, cytokines, chemokines, and T

lymphocytes that are typically observed in advanced malignancy,

contributing to substantial variability in diagnostic interpretation

(27–29).

Gastric intestinal metaplasia, frequently resulting from chronic

inflammation, is recognized as a risk factor for gastric carcinogenesis.

Although both HP infection and autoimmune gastritis are established

causes of intestinal metaplasia, the metaplastic epithelial phenotypes

differ by etiology and exhibit different histopathological features (30–

32). HP infection has also been implicated in the development of FH

and foveolar adenoma. The progression from intestinal metaplasia to

epithelial dysplasia is associated with an increased risk of intestinal-

type GA; however, the molecular mechanisms underlying this

metaplastic-to-neoplastic transformation remain incompletely

understood (33–35). At present, no published studies have

described the formation and pathogenesis of gastric intramucosal

papillary adenocarcinoma (GIPA).

This study evaluated gastric mucosal biopsy samples and ESD

specimens to investigate the development and progression of

intramucosal papillary adenocarcinoma. Severe infectious or

chemical injury to the gastric mucosa was associated with disruption

of the papillary architecture of the foveolar epithelium. This trigger

enhanced upward migration of epithelial cells originating from the

deep foveolar zone, glandular isthmus, and mucous neck cells, initially

giving rise to compensatory hyperplasia. Morphologically, this phase

corresponded to papillary hyperplasia of the crypt epithelium and is

referred to as polar compensatory proliferation.

With persistent exposure to injurious stimuli, compensatory

hyperplasia progressed to neoplastic proliferation, morphologically

manifesting as crypt epithelial adenoma. This stage was

characterized by transitional or dysregulated compensatory

proliferation. Continued proliferative transformation of gastric

stem cells in response to sustained stimulation resulted in the

development of gastric-type intraepithelial neoplasia.
TABLE 3 Immunohistochemical profiles of gastric intramucosal papillary adenocarcinoma stages.

Pathological stage HP CEA MUC5AC MUC1 MUC2 MUC6 Villin CDX2 p53 ki67

Foveolar epithelial atrophy -/+ – + + – – – – – –

Papillary hyperplasia of gastric surface epithelium -/+ – + + – – – – – –

Gastric surface epithelial adenoma -/+ -/+ + + – – – – – 0~2%

Gastric-type low-grade intraepithelial neoplasia -/+ + + + – + – – – 5~10%

Gastric-type high-grade intraepithelial neoplasia -/+ + + + – + – – -/+ 15~40%

Gastric-type intramucosal papillary adenocarcinoma -/+ + + + – + – – + 30~60%

Mixed gastric-intestinal type intramucosal papillary
adenocarcinoma

-/+ + -/+ -/+ -/+ + + + + 40~80%
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Sequential transformation of stem cells within the gastric

proliferative zones occurred under prolonged infection and

chemical irritation. The first stage of this transformation yielded

gastric-type low-grade intraepithelial neoplasia; the second stage

resulted in high-grade intraepithelial neoplasia; and the third stage

was associated with persistent injury affecting the same proliferative

compartments. As these zones contain various poorly differentiated

epithelial cell types, the resultant neoplastic architecture displayed

features that were consistent with either gastric-type or mixed

gastric intestinal-type intramucosal papillary adenocarcinoma.

Gastric-type intramucosal papillary adenocarcinoma develops

through sustained proliferative activity of stem cells within gastric

proliferative zones, characterized by mixed proliferative transformation

involving both foveolar and crypt epithelium. In contrast, mixed

gastric-intestinal type intramucosal papillary adenocarcinoma results

from combined proliferative transformation of foveolar, crypt, and

intestinal epithelial components.

This study has several limitations. First, it was a retrospective

analysis based on data from a limited number of centers, which may

introduce selection bias. Second, the proposed sequence of

histological progression was inferred primarily from cross-

sectional observations and histopathological correlations, rather

than direct longitudinal follow-up of individual lesions. Third,

not all cases progressed to high-grade intraepithelial neoplasia or

invasive carcinoma, limiting the assessment of earlier premalignant

changes. Finally, due to the absence of an external validation cohort

and the lack of a control group, the general applicability of our

research results is limited.
5 Conclusion

Our findings elucidate a stepwise histomorphological

progression from gastric foveolar atrophy to intramucosal

papillary adenocarcinoma, identifying key morphological and

immunophenotypic stages that can aid in the early detection and

risk stratification of gastric neoplasia. Recognition of these stages

may inform decisions regarding the timing of endoscopic

intervention, such as ESD, particularly in lesions showing high-

grade intraepithelial neoplasia or distinct papillary architecture.

Furthermore, the identified immunohistochemical markers offer

auxiliary tools for precise diagnosis, thereby improving strategies

for gastric cancer prevention and control. While ESD is effective for

early-stage lesions, our work underscores the importance of

surveillance in precursor stages to prevent progression.

Although ESD is a sufficient and curative treatment for early-

stage gastric-type papillary adenocarcinoma, our findings provide a

histopathological framework that guides the selection and timing of

ESD, particularly in premalignant or borderline lesions.
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Santiago E. Curative criteria for endoscopic treatment of gastric cancer. Best Pract Res
Clin Gastroenterol. (2024) 68:101884. doi: 10.1016/j.bpg.2024.101884

4. Sappenfield R, Mehlhaff E, Miller D, Ebben JE, Uboha NV. Current and future
biomarkers in esophagogastric adenocarcinoma. J Gastrointest Cancer. (2024) 55:549–
58. doi: 10.1007/s12029-023-01007-1

5. Mahuron KM, Sullivan KM, Hernandez MC, Chen YJ, Chao J, Melstrom LG, et al.
Diffuse-type histology is prognostic for all siewert types of gastroesophageal
adenocarcinoma. J Gastric Cancer. (2024) 24:267–79. doi: 10.5230/jgc.2024.24.e20

6. Janczewski LM, Shah D, Wells A, Bentrem DJ, Abad JD, Chawla A. The
inaccuracies of gastric adenocarcinoma clinical staging and its predictive factors. J
Surg Oncol. (2023) 127:1116–24. doi: 10.1002/jso.27233

7. Angerilli V, Vanoli A, Celin G, Ceccon C, Gasparello J, Sabbadin M, et al. Gastric
carcinoma in autoimmune gastritis: A histopathologic and molecular study. Mod
Pathol. (2024) 37:100491. doi: 10.1016/j.modpat.2024.100491

8. Ahn S, Park S, Koh HH, Kim HG, Kim H, Son JY, et al. Gastric-type extremely
well-differentiated adenocarcinoma of the stomach: A rare tumor with diagnostic
difficulties and high inter-observer variation in endoscopic pinch biopsies. Pathol Res
Pract. (2024) 263:155599. doi: 10.1016/j.prp.2024.155599

9. Kim M, Kim TS, Min BH, Min YW, Lee H, Lee JH, et al. Clinicopathologic
features and outcomes of endoscopic submucosal dissection for foveolar-type
adenocarcinoma of the stomach. J Gastric Cancer. (2024) 24:367–77. doi: 10.5230/
jgc.2024.24.e34

10. Wang Y, Shen L, Zhao G, Li B, Bu J, Zhu C, et al. Histomorphological
characteristics and pathological types of hyperproliferation of gastric surface
epithelial cells. Gastroenterol Res Pract. (2021) 2021:8828326. doi: 10.1155/2021/
8828326

11. Zhang ZS, Deng WY, Huang SL, Yang BF, Zhu FH, Jiang B, et al.
Clinicopathological characteristics of signet-ring cell carcinoma derived from gastric
fovelar epithelium. J Dig Dis. (2022) 23:396–403. doi: 10.1111/1751-2980.13120

12. Wang Y, Li Y, Wang B, Ran D, Zhu C, Li P, et al. Early onset, development and
histological features of gastric signet-ring cell carcinoma. Front Oncol. (2023)
13:1166549. doi: 10.3389/fonc.2023.1166549

13. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al.
WHO Classification of Tumours Editorial Board. The 2019 WHO classification of
tumours of the digestive system. Histopathology. (2020) 76:182–8. doi: 10.1111/
his.13975

14. Wang YK, Ma L, Wang ZQ, Wang Y, Li P, Jiang B, et al. Clinicopathological
features and differential diagnosis of gastric pleomorphic giant cell carcinoma. Open
Life Sci. (2023) 18:20220683. doi: 10.1515/biol-2022-0683

15. Ushiku T, Lauwers GY. Pathology and clinical relevance of gastric epithelial
dysplasia. Gastroenterol Clin North Am. (2024) 53:39–55. doi: 10.1016/
j.gtc.2023.11.003

16. Jang B, Lee SH, Dovirak I, Kim H, Srivastava S, Teh M, et al. CEACAM5 and
TROP2 define metaplastic and dysplastic transitions in human antral gastric
precancerous lesions and tumors. Gastric Cancer. (2024) 27:263–74. doi: 10.1007/
s10120-023-01458-2

17. Shin N, Jo HJ, KimWK, ParkWY, Lee JH, Shin DH, et al. Gastric pit dysplasia in
adjacent gastric mucosa in 414 gastric cancers: prevalence and characteristics. Am J
Surg Pathol. (2011) 35:1021–9. doi: 10.1097/PAS.0b013e31821ec495

18. Mahmoudzadeh-Sagheb A, Panahi M, Jami S, Moudi B, Mahmoudzadeh-Sagheb
H, Heidari Z. Survivin as a potential biomarker for early diagnosis of the progression of
Frontiers in Oncology 09
precancerous lesions to gastric cancer. Int J Biol Markers. (2024) 39:52–8. doi: 10.1177/
03936155231217268

19. Petkevicius V, Lehr K, Kupcinskas J, Link A. Fusobacterium nucleatum:
Unraveling its potential role in gastric carcinogenesis. World J Gastroenterol. (2024)
30:3972–84. doi: 10.3748/wjg.v30.i35.3972

20. Malekzadeh R, Sotoudeh M, Derakhshan MH, Mikaeli J, Yazdanbod A, Merat S,
et al. Prevalence of gastric precancerous lesions in Ardabil, a high incidence province
for gastric adenocarcinoma in the northwest of Iran. J Clin Pathol. (2004) 57:37–42.
doi: 10.1136/jcp.57.1.37

21. Botezatu A, Farcas RA, Grad S, Dumitras ̧cu DL, Bodrug N, Rugge M. Assessing
gastric cancer risk using the OLGA and OLGIM systems in Republic of Moldova. Front
Med (Lausanne). (2025) 12:1563889. doi: 10.3389/fmed.2025.1563889

22. Goldenring JR. Spasmolytic polypeptide-expressing metaplasia (SPEM) cell
lineages can be an origin of gastric cancer. J Pathol. (2023) 260:109–11. doi: 10.1002/
path.6089

23. Chaves J, Libânio D, Pimentel-Nunes P. Management of high risk T1 gastric
adenocarcinoma following endoscopic resection. Best Pract Res Clin Gastroenterol.
(2024) 68:101887. doi: 10.1016/j.bpg.2024.101887

24. Nakamura R, Aoki H, Gotoda H, Ota S, Kushima R, Katanuma A. A case of
gastric-phenotype, minute, tubular adenocarcinoma of the stomach with deep
submucosal invasion. Pathol Int. (2023) 73:167–9. doi: 10.1111/pin.13311

25. Arai T, Komatsu A, Kanazawa N, Nonaka K, Ishiwata T. Clinicopathological and
molecular characteristics of gastric papillary adenocarcinoma. Pathol Int. (2023)
73:358–66. doi: 10.1111/pin.13345

26. Agatsuma N, Nishikawa Y, Horimatsu T, Nakatani Y, Juri N, Akamatsu T, et al.
Bone metastasis as a recurrence of early papillary adenocarcinoma of the stomach. Clin
J Gastroenterol. (2020) 13:349–53. doi: 10.1007/s12328-019-01050-1

27. Hirata Y, Noorani A, Song S, Wang L, Ajani JA. Early stage gastric
adenocarcinoma: clinical and molecular landscapes. Nat Rev Clin Oncol. (2023)
20:453–69. doi: 10.1038/s41571-023-00767-w

28. Chen QQ, Wang C, Wang WH, Gong Y, Chen HX. Histopathological and
immunohistochemical mechanisms of bone marrow-derived mesenchymal stem cells
in reversion of gastric precancerous lesions. Front Biosci (Landmark Ed). (2024) 29:127.
doi: 10.31083/j.fbl2903127

29. Tran CL, Han M, Kim B, Park EY, Kim YI, Oh JK. Gastroesophageal reflux
disease and risk of cancer: Findings from the Korean National Health Screening
Cohort. Cancer Med. (2023) 12:19163–73. doi: 10.1002/cam4.6500

30. Hoft SG, Brennan M, Carrero JA, Jackson NM, Pretorius CA, Bigley TM, et al.
Unveiling cancer-related metaplastic cells in both helicobacter pylori infection and
autoimmune gastritis. Gastroenterology. (2025) 168:53–67. doi: 10.1053/
j.gastro.2024.08.032

31. Drnovsek J, Homan M, Zidar N, Smid LM. Pathogenesis and potential
reversibility of intestinal metaplasia - a milestone in gastric carcinogenesis. Radiol
Oncol. (2024) 58:186–95. doi: 10.2478/raon-2024-0028

32. Khazaaleh S, Alomari M, Rashid MU, Castaneda D, Castro FJ. Gastric intestinal
metaplasia and gastric cancer prevention: Watchful waiting. Cleve Clin J Med. (2024)
91:33–9. doi: 10.3949/ccjm.91a.23015

33. Liffers ST, Godfrey L, Frohn L, Haeberle L, Yavas A, Vesce R, et al. Molecular
heterogeneity and commonalities in pancreatic cancer precursors with gastric and
intestinal phenotype. Gut. (2023) 72:522–34. doi: 10.1136/gutjnl-2021-326550

34. Goldenring JR, Mills JC. Cellular plasticity, reprogramming, and regeneration:
metaplasia in the stomach and beyond. Gastroenterology. (2022) 162:415–30.
doi: 10.1053/j.gastro.2021.10.036

35. Shibagaki K, Ishimura N, Kotani S, Fukuyama C, Takahashi Y, Kishimoto K,
et al. Endoscopic differential diagnosis between foveolar-type gastric adenoma and
gastric hyperplastic polyps in Helicobacter pylori-naïve patients. Gastric Cancer. (2023)
26:1002–11. doi: 10.1007/s10120-023-01420-2
frontiersin.org

https://doi.org/10.1159/000539639
https://doi.org/10.1016/j.suc.2024.06.006
https://doi.org/10.1016/j.bpg.2024.101884
https://doi.org/10.1007/s12029-023-01007-1
https://doi.org/10.5230/jgc.2024.24.e20
https://doi.org/10.1002/jso.27233
https://doi.org/10.1016/j.modpat.2024.100491
https://doi.org/10.1016/j.prp.2024.155599
https://doi.org/10.5230/jgc.2024.24.e34
https://doi.org/10.5230/jgc.2024.24.e34
https://doi.org/10.1155/2021/8828326
https://doi.org/10.1155/2021/8828326
https://doi.org/10.1111/1751-2980.13120
https://doi.org/10.3389/fonc.2023.1166549
https://doi.org/10.1111/his.13975
https://doi.org/10.1111/his.13975
https://doi.org/10.1515/biol-2022-0683
https://doi.org/10.1016/j.gtc.2023.11.003
https://doi.org/10.1016/j.gtc.2023.11.003
https://doi.org/10.1007/s10120-023-01458-2
https://doi.org/10.1007/s10120-023-01458-2
https://doi.org/10.1097/PAS.0b013e31821ec495
https://doi.org/10.1177/03936155231217268
https://doi.org/10.1177/03936155231217268
https://doi.org/10.3748/wjg.v30.i35.3972
https://doi.org/10.1136/jcp.57.1.37
https://doi.org/10.3389/fmed.2025.1563889
https://doi.org/10.1002/path.6089
https://doi.org/10.1002/path.6089
https://doi.org/10.1016/j.bpg.2024.101887
https://doi.org/10.1111/pin.13311
https://doi.org/10.1111/pin.13345
https://doi.org/10.1007/s12328-019-01050-1
https://doi.org/10.1038/s41571-023-00767-w
https://doi.org/10.31083/j.fbl2903127
https://doi.org/10.1002/cam4.6500
https://doi.org/10.1053/j.gastro.2024.08.032
https://doi.org/10.1053/j.gastro.2024.08.032
https://doi.org/10.2478/raon-2024-0028
https://doi.org/10.3949/ccjm.91a.23015
https://doi.org/10.1136/gutjnl-2021-326550
https://doi.org/10.1053/j.gastro.2021.10.036
https://doi.org/10.1007/s10120-023-01420-2
https://doi.org/10.3389/fonc.2025.1681155
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Histomorphological development and progression of gastric intramucosal papillary adenocarcinoma—a retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Clinical data
	2.2 Histomorphological staging
	2.3 Immunohistochemical staining

	3 Results
	3.1 Clinical features
	3.2 Development and progression of gastric-type papillary carcinoma
	3.3 Histomorphological features of gastric-type papillary carcinoma development
	3.4 Immunohistochemical results

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


