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Abstract
Background  The pathological results obtained from endoscopic forceps biopsy (EFB) do not always align with the 
findings of postoperative endoscopic submucosal dissection (ESD). Furthermore, as ESD becomes more widespread, 
the number of noncurative endoscopic cases increases; thus, an accurate preoperative diagnosis and an appropriate 
treatment method are crucial. The purpose of this study was to explore the risk factors for postoperative pathological 
upgrading and noncurative resection and to gather experience in clinical and pathological diagnosis.

Methods  From March 2016 to November 2023, 292 ESD specimens were collected from 262 patients with gastric 
mucosal lesions. Clinicopathological information, the coincidence rate of pathological diagnosis between EFB and 
ESD specimens, and risk factors related to noncurative resection were analyzed retrospectively.

Results  The overall upgraded pathological diagnosis rate between EFB and ESD was 26.4%. The independent 
predictors for the upgraded group included proximal stomach lesions, lesion size > 2 cm, surface ulceration, and 
surface nodules. Twenty of the 235 early gastric cancer (EGC) patients underwent noncurative ESD resection. 
Multivariate analysis showed that undifferentiated carcinoma and tumor infiltration into the submucosa were 
significantly associated with noncurative resection.

Conclusion  Biopsy cannot fully represent the lesions of gastric intraepithelial neoplasia (GIN). When a suspected 
epithelial dysplasia is suspected, a careful endoscopic examination should be conducted to evaluate the lesion site, 
size, and surface characteristics to ensure an accurate diagnosis. Noncurative endoscopic resection is associated with 
undifferentiated carcinoma and submucosal infiltration. Clinicians must be familiar with these predictive factors for 
noncurative resection and select the appropriate treatment for their patients.
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Introduction
Gastric cancer (GC) is one of the most common types of 
cancer worldwide. Although mortality rates have been 
decreasing gradually, GC still ranks as the fifth most 
common cancer and the fourth leading cause of cancer-
related deaths globally [1]. The treatment outcomes for 
advanced gastric cancer and early gastric cancer (EGC) 
differ significantly, with 5-year survival rates of less than 
30% for the former and approximately 90% for the lat-
ter. Thus, early diagnosis of GC and proper treatment 
options are critical [2]. Previously, gastrectomy was the 
conventional treatment for EGC, but endoscopic submu-
cosal dissection (ESD) is currently the preferred treat-
ment because of its minimally invasive nature, rapid 
recovery, high curative ratio, and preservation of gastric 
function [3–6].

GC usually develops following atrophy, intestinal meta-
plasia, gastric intraepithelial neoplasia (GIN), intramu-
cosal carcinoma, and invasive carcinoma (IC) [7]. GIN 
is a precancerous lesion, which is divided into low-grade 
dysplasia (LGD) and high-grade dysplasia (HGD). LGDs 
include mild-to-moderate dysplasia, whereas HGDs 
include significant dysplasia and cancer in situ [8]. An 
endoscopic forceps biopsy (EFB) is required to deter-
mine the preoperative diagnosis and the necessity of 
ESD. However, the pathological results of EFB do not 
always correspond to the findings of ESD, which may 
lead to an underestimation of a higher-grade dysplasia. 
These inconsistencies are classified as downgrades and 
upgrades. Moreover, there is a significant increase in the 
incidence of lymphovascular/perineural and submuco-
sal invasion in the pathological upgrading group, leading 
to endoscopic noncurative resection and an unfavorable 
prognosis [9, 10]. Therefore, the aim of this study was to 
investigate the histopathological diagnostic coincidence 
rate between preoperative biopsy and postoperative 
ESD, explore risk factors for postoperative pathological 
upgrading and noncurative resection, and gather experi-
ence in clinical and pathological diagnosis.

Materials and methods
Data collection and grouping methods
This study was approved by the Ethics Committee of 
Zibo Municipal Hospital. From March 2016 to November 
2023, 262 patients with 292 ESD specimens were retro-
spectively analyzed. The following information was col-
lected: patient sex and age, lesion site, number of biopsy 
blocks, lesion size and macroscopic type, whether the 
surface was red, whether there were ulcers and nodules 
on the surface, and pathological findings on the EFB and 
ESD. The pathological data of all patients were re-eval-
uated by two pathologists with over five years of exper-
tise. The inclusion criteria were as follows: (a) the patient 
must be at least 18 years old and have signed an informed 

consent before ESD; (b) EFB had to be performed before 
ESD; (c) computed tomography (CT) should not detect 
any indications of lymph node or systemic metastasis; 
and (d) the duration between biopsy and ESD should not 
exceed one month. The exclusion criteria were as fol-
lows: (a) incomplete clinical and pathological records; 
(b) lack of preliminary EFB results; (c) a neuroendocrine 
tumor, stromal tumor, or ectopic pancreatic diagnosis 
before ESD treatment. The existence of multiple lesions 
requires the consideration of each lesion as a unique case, 
with distinctions based on their respective pathological 
features.

This study followed the pathological diagnostic criteria 
of the World Health Organization (WHO) [8]. Patients 
with different pathological results, including nonneo-
plastic lesions (including gastritis and polyps), LGD, 
HGD, EGC, and progressive cancer, were included. We 
categorized the lesions into three groups based on the 
histological discrepancies between the EFB and ESD 
specimens. The first group, called the consistent group, 
included patients with the same diagnosis based on both 
EFB and ESD specimens. The second group, known as 
the upgraded group, consisted of patients in which sub-
sequent ESD specimens showed a greater likelihood of 
malignancy, such as progression from LGD to HGD/
adenocarcinoma or from HGD to adenocarcinoma. 
The third group, referred to as the downgraded group, 
included patients in which subsequent ESD specimens 
revealed a lower likelihood of malignancy, such as from 
HGD to LGD/nonneoplastic lesions or from LGD to 
nonneoplastic lesions [11, 12].

EFB process and endoscopic features
In order to identify potential lesions, the color, shape, 
texture, and distribution of mucosal blood vessels within 
the digestive tract are examined under white light endos-
copy (WLE). If suspected epithelial dysplasia was found, 
lesion-targeted EFB was performed. Biopsy forceps 
(MTN-BF-23/18-A-1; Nanjing Micro-Tech Co., Ltd., 
Nanjing, China) with an opening diameter of 6 mm were 
used to estimate the lesion size. Ulcers, hemorrhage, and 
local fibrosis may be induced by multiple biopsies, which 
may increase the risk of adverse events and the difficulty 
of endoscopic therapy. Consequently, Chinese expert 
consensus suggests that 1–2 biopsies should be con-
ducted for lesions with a diameter of less than 2 cm, and 
an additional biopsy should be obtained for every 1  cm 
increase in diameter. Sampling in the central region of 
the ulcer should be avoided, as it is frequently necrotic 
tissue and can easily result in hemorrhage and perfora-
tion [13].

Data on the macroscopic characteristics, including 
lesion site, lesion size, macroscopic type, and surface 
features, were collected from endoscopic reports. The 
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stomach is divided into three parts based on its ana-
tomical structure: proximal (cardia and fundus), middle 
(body), and distal (angle, antrum, and pylorus). The Paris 
classification was used to categorize macroscopic tumor 
types as elevated (0-I, 0-IIa), flat (0-IIb), or depressed 
(0-IIc, 0-III) [14]. Surface redness was defined as the 
surface of the lesion mucosa being redder than the sur-
rounding mucosa, and surface nodules were defined as 
nodular or irregularly raised mucosa [15, 16]. Figure  1 
depicts the following endoscopic characteristics in order: 
surface redness, surface nodules, and surface ulceration.

Indications for ESD
In addition to pathological diagnosis, the ultimate selec-
tion of ESD treatment should rely on a comprehensive 
risk-benefit analysis. Before ESD, endoscopic ultrasonog-
raphy was used to assess the depth of tumor invasion and 
contrast-enhanced CT of the abdomen was used to eval-
uate lymph nodes and distant metastases. The Japanese 
ESD treatment guidelines for EGC (version 2) [3] classify 
the indications for ESD into three categories: absolute, 
expanded, and relative. The absolute indications were as 
follows: (1) intramucosal differentiated carcinoma, with-
out ulceration, regardless of tumor size; (2) intramucosal 
differentiated carcinoma ≤ 3  cm in size with ulceration; 
and (3) intramucosal undifferentiated carcinoma ≤ 2  cm 
in size without ulceration. After the initial ESD resection, 
the expanded indications included local recurrence of 
an intramucosal differentiated malignant tumor with an 
endoscopic cure rate (eCura) of C-1. Cases that did not 
meet the criteria for absolute or extended indications and 
were unable to receive surgical treatment due to the fol-
lowing conditions were included: (1) intramucosal undif-
ferentiated carcinoma > 2  cm in size without ulceration. 
(2) intramucosal differentiated carcinoma > 3  cm in size 
with ulceration. (3) intramucosal undifferentiated carci-
noma with ulceration; and (4) submucosal invasive car-
cinoma, regardless of lesion size, type, or presence of 
ulceration.

ESD process
The steps in the procedure are as follows: lesion iden-
tification, lesion marking, submucosal injection, and 

submucosal dissection. ESD was performed using a one-
channel endoscope (EPK-i7000; Pentax Medical Co., 
Tokyo, Japan). Before performing ESD, an endoscopic 
examination was carried out to identify the exact bound-
ary of the lesion, and mucosal markings were primarily 
made by electrocoagulation 3 to 5  mm away from the 
lesion’s border. After placing numerous dots around the 
lesion, normal saline mixed with methylene blue and 
epinephrine was injected into the submucosal layer. A 
needle knife was used to make a small cut, which was 
then followed by a circular cut outside the marked area. 
Subsequently, the submucosal layer was dissected parallel 
to the muscular layer using an endoscopic scalpel (MK-
T-2-195; Nanjing Micro-Tech Co., Ltd., Nanjing, China) 
until the lesion was entirely removed. To achieve preven-
tive hemostasis, coagulation was applied to all visible, 
nonbleeding vessels. To avoid folding, the resected speci-
men was immediately stretched, attached to a flat foam 
board, and marked on both the oral and anal sides. The 
specimens were subsequently soaked in 10% formalin for 
24–48 h and sent to pathologists.

Pathological section production
Prior to sampling, a full image of the specimen was cap-
tured to document its dimensions, color, texture, and 
shape, as well as its distance from the resection bound-
ary. The horizontal and vertical margins were marked 
with different colors of dye. Sections were started along 
the line with the shortest distance from the edge of the 
lesion to the lateral margin of the specimen, and then 
were serially sectioned parallel to this line with an inter-
val of 2.0 to 3.0  mm. After sampling, tissue strips were 
sequentially placed into the embedding box, with each 
box containing ≤ 3 strips, and the sequence was recorded. 
When the length of the mucosa exceeded the length of 
the embedding box, the specimen was cut vertically into 
two sections and placed in the same embedding box. It is 
vital to remember that before placing the tissue, a layer of 
sponge should be placed in the embedding box, followed 
by the mucosa. The tissue’s surface should then be cov-
ered with another layer of sponge, and a mark should be 
put on the same side to ensure consistent embedding ori-
entation. After dehydrating and dipping the tissue in wax, 

Fig. 1  Images of the endoscopic features. (A) Lesion with surface redness. (B) Lesion with a nodular surface. (C) Lesion with surface ulceration
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the technician turned the strip over 90° on the same side, 
cut the side facing down, and embedded it consecutively, 
with the first and last piece embedded 90° in reverse to 
observe the horizontal margin around the entire mucosa. 
Finally, the obtained formalin-fixed paraffin-embedded 
(FFPE) tissues were serially sectioned at 2 mm intervals, 
stained with hematoxylin-eosin (HE), and viewed under a 
microscope.

Pathological examination of ESD specimens
The pathological data of all patients were re-evaluated by 
two pathologists with over five years of expertise. After 
excluding biopsy-caused ulcers, surface ulcers were ruled 
as positive [17]. Histological evaluation was performed 
in accordance with the diagnostic criteria for the diges-
tive system established by the World Health Organiza-
tion. The differentiated adenocarcinoma types included 
well- or moderately differentiated papillary adenocarci-
noma and tubular adenocarcinoma, while poorly differ-
entiated adenocarcinoma, signet-ring cell carcinoma, and 
mucinous adenocarcinoma were categorized as undiffer-
entiated. The pathological results of the ESD specimens 
included tumor size, histological classification, inva-
sion depth, presence of ulceration (UL), involvement of 
venous (V) and/or lymphatic (Ly) vessels, and resection 
margins [vertical margin (VM) and horizontal margin 
(HM)]. The muscularis mucosae served as a reference 
point to ascertain the degree of tumor invasion (Fig. 2). 
Therefore, the depth of tumor invasion was categorized 

as M (mucosal invasion), SM1 (submucosal invasion 
within 500 μm from the bottom margin of the muscula-
ris mucosa), or SM2 (tumor invasion into the submucosa 
exceeding 500  μm from the muscularis mucosa). Endo-
scopic curability was evaluated using the aforementioned 
variables.

Criteria for curative and noncurative resection of ESD 
specimens
The ESD treatment guidelines for EGC [3] describe cura-
tive resection as a pathological evaluation that meets 
the criteria for endoscopic curability A (eCuraA) or 
B (eCuraB). eCuraA: If a lesion is removed en bloc and 
meets all of the following requirements: (1) pT1a, mainly 
differentiated type, UL0, V0, Ly0, HM0, VM0, regard-
less of size; (2) pT1a, tumor size ≤ 2  cm, mainly undif-
ferentiated type, UL0, V0, Ly0, HM0, VM0; or (3) pT1a, 
tumor size ≤ 3  cm, mainly differentiated type, UL1, V0, 
Ly0, HM0, VM0. eCuraB: If a lesion is resected en bloc, 
the tumor size ≤ 3  cm in size, is mostly differentiated, 
and fits the following conditions: pT1b1 (SM1), V0, Ly0, 
HM0, and VM0. CuraC is a lesion that does not meet any 
of the eCuraA or eCuraB requirements specified above, 
indicating the possibility of a residual tumor. When eCu-
raC lesions are differentiated and meet other criteria 
for classification into eCuraA or eCuraB but were not 
resected en bloc or have positive HM, they are classified 
as eCuraC-1. All other eCuraC lesions are classified as 
eCuraC-2.

Fig. 2  Infiltration characteristics of early gastric cancer after endoscopic submucosal dissection (hematoxylin-eosin staining, 100 x). (A) Tumor invasion 
into the lamina propria. (B) Tumor infiltrating the muscularis mucosa layer. (C) Submucosal invasion within 500 μm from the muscularis mucosa. (D) 
Submucosal infiltration exceeding 500 μm from the muscularis mucosa. (E) Tumor infiltration with lymphovascular embolus. (F) Tumor with a positive 
vertical margin (red arrow)
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Statistical analysis
IBM SPSS Statistics version 26 was used for the statisti-
cal analyses (IBM Corp., Armonk, NY, USA). Categorical 
and continuous variables were expressed as the n (%) and 
mean ± standard deviation, respectively. The chi-square 
or Fisher’s exact test for categorical variables and Stu-
dent’s t-test for continuous variables were used in uni-
variate analysis to determine risk factors for pathological 
upgrading and noncurative endoscopic resection. Vari-
ables with p < 0.05 were further analyzed using multiple 
logistic regression models. P < 0.05 was considered to 
indicate statistical significance.

Results
General clinical features
A total of 274 patients received gastric ESD, of whom 
12 were excluded (10: incomplete data, 2: non-epithelial 
neoplastic lesions). Finally, 262 patients (292 ESD speci-
mens) were included in the study for analysis (Fig.  3). 
Table  1 summarizes the baseline information of the 
selected patients, including their frequency distributions 
and relevant clinical features. The patients were primar-
ily male (71.9%), with a male-to-female ratio of 2.56:1. 
The average age (± standard deviation) was 61.86 ± 10.30 
years. Of 292 lesions, 44 (15.1%) were found in the proxi-
mal stomach, 83 (28.4%) in the middle stomach, and 165 
(56.5%) in the distal stomach. Thirty patients had mul-
tiple lesions. There were 51 (17.5%) lesions with a diam-
eter greater than 2 cm, while 241 (82.5%) had a diameter 

less than 2 cm. Surface nodules, redness, and ulceration 
were observed in 41 (14.0%), 143 (49.0%), and 35 (12.0%) 
lesions, respectively. There were 90 (30.8%) cases of the 
elevated type, 49 (16.8%) cases of the flat type, and 153 
(52.4%) cases of the depressed type.

Pathological assessment after ESD
After reviewing the pathological slides, the final ESD 
diagnoses included 15 (5.1%) cases of nonneoplastic 
lesions, 42 (14.4%) cases of LGD, and 235 (80.5%) cases 
of EGC, with the latter comprising 158 (54.1%) cases of 
HGD and 77 (26.4%) cases of IC (Table  1). Ulceration 
was observed in 16 (5.5%) specimens, including 2 (0.7%) 
cases of nonneoplastic lesions, 2 (0.7%) cases of HGD, 
and 12 (4.1%) cases of IC. Three (1.0%) cases exhibited 
positive horizontal margins, including two (0.7%) with 
IC and one (0.3%) with HGD. Six (2.1%) cases demon-
strated positive vertical margins, all of which were clas-
sified as IC. Lymphovascular tumor emboli were found 
in eight (2.7%) cases. Among the 235 cases with EGC, 
205 (87.2%) had intramucosal carcinomas (pTl a, includ-
ing 158 (67.2%) cases with HGD and 47 (20%) cases 
with intramucosal IC), whereas 30 (12.8%) cases had 
submucosal infiltration, with 18 (7.7%) cases with infil-
tration < 500  μm (pTlbl, SMl), and 12 (5.1%) cases with 
infiltration ≥ 500 μm (pTlb2, SM2).

Fig. 3  Flowchart of the study
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Comparison of pathological diagnoses between the EFB 
and ESD specimens
Table  2 presents the results of both EFB and ESD. Of 
the 292 cases, 21 (7.2%) were classified as nonneo-
plastic, 18 (6.2%) as LGDs, 236 (80.8%) as HGDs, and 
17 (5.8%) as IC with EFB. A total of 187 patients were 

pathologically identical between the EFB and ESD speci-
mens, with a concordance rate of 64.0% (187/292). The 
overall upgraded pathological diagnostic rate was 26.4% 
(77/292), and the overall downgraded pathological diag-
nosis rate was 9.60% (28/292). Of the 21 patients ini-
tially diagnosed with gastritis by EFB, ten (47.6%) were 

Table 1  Clinical and pathological characteristics of 292 ESD specimens from 262 patients
Clinical and pathological characteristics non-neoplastic lesion

(n = 15)
LGD
(n = 42)

HGD
(n = 158)

IC
(n = 77)

Total
(n = 292)

Mean Age in years (± SD) 58.75 ± 8.05 60 ± 10.30 62.29 ± 7.46 64.11 ± 17.26 61.86 ± 10.30
Gender
Male 7 (46.7%) 30 (71.4%) 112 (70.9%) 61 (79.2%) 210 (71.9%)
Female 8 (53.3%) 12 (28.6%) 46 (29.1%) 16 (20.8%) 82 (28.1%)
Tumor location
Proximal stomach 0 5 (11.9%) 13 (8.2%) 26 (33.8%) 44 (15.1%)
Middle stomach 7 (46.7%) 13 (31%) 48 (30.4%) 15 (19.5%) 83 (28.4%)
Distal stomach 8 (53.3%) 24 (57.1%) 97 (61.4%) 36 (46.7%) 165 (56.5%)
Lesion size (cm)
> 2.0 2 (13.3%) 1 (2.4%) 19 (12.0%) 29 (37.7%) 51 (17.5%)
≤ 2.0 13 (86.7%) 41 (97.6%) 139 (88.0%) 48 (62.3%) 241 (82.5%)
Macroscopic type
Elevated (0-I, 0-IIa) 11 (73.3%) 20 (47.6%) 49 (31.0%) 10 (13.0%) 90 (30.8%)
Flat (0-IIb) 1 (6.7%) 14 (33.3%) 28 (17.7%) 6 (7.8%) 49 (16.8%)
Depressed (0-IIc,0-III) 3 (20%) 8 (19.1%) 81 (51.3%) 61 (79.2%) 153 (52.4%)
Surface appearance
Nodules
Present 11 (73.3%) 8 (19.0%) 8 (5.1%) 14 (18.2%) 41(14.0%)
Absent 4 (26.7%) 34 (81.0%) 150 (94.9%) 63 (81.8%) 251(86.0%)
Redness
Present 1 (6.7%) 24 (57.1%) 82 (51.9%) 36 (46.8%) 143 (49.0%)
Absent 14 (93.3%) 18 (42.9%) 76 (48.1%) 41 (53.2%) 149 (51.0%)
Ulceration
Present 2 (13.3%) 0 1 (0.6%) 32 (41.6%) 35 (12.0%)
Absent 13 (86.7%) 42 (100%) 157 (99.4%) 45 (58.4%) 257 (88.0%)
Number of biopsies
1 5 (33.3%) 16 (38.1%) 66 (41.8%) 16 (20.8%) 103 (35.3%)
≥ 2 10 (66.7%) 26 (61.9%) 92 (58.2%) 61 (79.2%) 189 (64.7%)
Infiltration depth
Intramucosal (pT1a) 15 (100%) 42 (100%) 158 (100%) 47 (61.0%) 262 (89.7%)
pT1b1 (SM1) 0 0 0 18 (23.4%) 18 (6.2%)
pT1b2 (SM2) 0 0 0 12 (15.6%) 12 (4.1%)
Lymphovascular tumor embolus
Positive 0 0 0 8 (10.4%) 8 (2.7%)
Negative 15 (100%) 42 (100%) 158 (100%) 69 (89.6%) 284 (97.3%)
Histological ulcer
Present 2 (13.3%) 0 2 (1.3%) 12 (15.6%) 16 (5.5%)
Absent 13 (86.7%) 42 (100%) 156 (98.7%) 65 (84.4%) 276 (94.5%)
Horizontal margin
Positive 0 0 1 (0.6%) 2 (2.6%) 3 (1.0%)
Negative 15 (100%) 42 (100%) 157 (99.4%) 75 (97.4%) 289 (99.0%)
Vertical margin
Positive 0 0 0 6 (7.8%) 6 (2.1%)
Negative 15 (100%) 42 (100%) 158 (100%) 71 (92.2%) 286 (97.9%)
ESD: Endoscopic submucosal dissection; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; IC: Invasive carcinoma
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upgraded to LGD. Of the 18 patients initially diagnosed 
with LGD by EFB, three (16.7%) were downgraded to 
gastritis, while seven (38.9%) were upgraded to HGD. 
Furthermore, of the 236 patients initially diagnosed with 
HGD, 60 (25.4%) were ultimately diagnosed with IC, 151 
(64.0%) remained with HGD, and 24 (10.2%) and 1 (0.4%) 
were downgraded to LGD and gastritis following ESD, 
respectively. Representative images depicting the differ-
ences between EFB and ESD are shown in Fig. 4.

Univariate analysis of pathological upgrading after ESD
The lesions were separated into two groups based on 
pathological results (diagnose upgrading, diagnosis con-
sistent/downgrading), and the causes for the differences 
between the two groups were investigated. Table 3 shows 
that pathological upgrading was significantly impacted 
by proximal stomach lesions, greater tumor size (> 2 cm), 
surface ulceration, surface nodules, and only one biopsy 
when compared to the two groups (all with p < 0.01).

Multivariate logistic regression analysis of pathological 
upgrading after ESD
Factors with p < 0.05 were selected by univariate analysis, 
including lesion site, lesion size, surface ulceration, sur-
face nodules, and biopsy block as independent variables, 
and pathological escalation after ESD as dependent vari-
ables for logistic regression analysis. Proximal stomach 
lesions (odds ratio [OR]: 2.244; 95% confidence inter-
val [CI]: 1.079–4.664; p = 0.030), lesion size > 2  cm (OR: 
1.748; 95% CI: 1.312–2.330; p < 0.001), surface ulceration 
(OR: 0.155; 95% CI: 0.071–0.340; p < 0.001), and surface 
nodules (OR: 0.231; 95% CI: 0.120–0.446; p < 0.001) were 
found to be independent predictors for the upgraded 
group (Table 4).

Evaluating the curability and independent risk factors for 
noncurative resection
Table  5 shows the clinicopathological characteristics of 
patients with EGC in relation to their post-ESD curability 

Table 2  Comparison of pathological diagnosis between endoscopic biopsy and ESD specimens
Diagnosis of endoscopic biopsy n Diagnosis of ESD

Nonneoplastic lesion LGD HGD IC
Nonneoplastic lesion 21 11 10 0 0
LGD 18 3 8 7 0
HGD 236 1 24 151 60
IC 17 0 0 0 17
Total 292 15 42 158 77
ESD: Endoscopic submucosal dissection; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; IC: Invasive carcinoma

Fig. 4  Representative images of preoperative endoscopic biopsy and postoperative ESD examination in GIN patients (hematoxylin-eosin staining, 200 x). 
(A-B) Endoscopic biopsy specimen showing LGD, whereas ESD specimen showing HGD. (C-D) Endoscopic biopsy specimen showing HGD, whereas ESD 
specimen showing moderately differentiated adenocarcinoma
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outcomes. The patients were classified into two groups 
based on whether they underwent curative or noncura-
tive resection. Of the 235 EGC cases, 215 (91.5%) under-
went curative ESD, and 20 (8.5%) underwent noncurative 
resection. There were no differences in age, gender, or 
macroscopic type between the two groups; however, 

certain features of EGC, such as undifferentiated car-
cinoma (40%), proximal stomach lesions (40%), lesions 
larger than 2 cm (60%), and submucosal invasion (90%), 
were more common in the noncurative resection group.

Multivariate logistic regression analysis indicated 
that undifferentiated carcinoma (OR: 10.638; 95% CI: 

Table 3  Analysis of factors associated with upgraded pathology in ESD specimens
characteristics Diagnosis consistent / downgrading (n = 215) Diagnosis upgrading

(n = 77)
χ2 P

Mean Age in years (± SD) 62.70 ± 8.86 64.27 ± 11.33 1.982 0.16
Gender 0.230 0.631
Male 153 (71.2%) 57 (74.0%)
Female 62 (28.8%) 20 (26.0%)
Tumor location 27.460 < 0.001
Proximal stomach 19 (8.8%) 25 (32.5%)
Middle stomach 71(33.1%) 12 (15.6%)
Distal stomach 125 (58.1%) 40 (51.9%)
Lesion size (cm) 22.470 < 0.001
> 2.0 24 (11.2%) 27 (35.1%)
≤ 2.0 191 (88.8%) 50 (64.9%)
Macroscopic type 4.945 0.084
Elevated (0-I, 0-IIa) 69 (32.1%) 21 (27.3%)
Flat (0-IIb) 41 (19.1%) 8 (10.4%)
Depressed (0-IIc,0-III) 105 (48.8%) 48 (62.3%)
Surface with redness 0.370 0.543
Present 103 (47.9%) 40 (51.9%)
Absent 112 (52.1%) 37 (48.1%)
Surface with ulceration 41.583 < 0.001
Present 10 (4.7%) 25 (32.5%)
Absent 205 (95.3%) 52 (67.5%)
Surface with nodules 18.293 < 0.001
Present 19 (8.8%) 22 (28.6%)
Absent 196 (91.2%) 55 (71.4%)
Number of biopsies 9.623 0.002
1 87 (40.5%) 16 (20.8%)
≥ 2 128 (59.5%) 61(79.2%)
Diagnosis of ESD 139.707 < 0.001
Nonneoplastic lesion 15 (7.0%) 0
LGD 32 (14.9%) 10 (13%)
HGD 151 (70.2%) 7 (9.1%)
IC 17 (7.9%) 60 (77.9%)
ESD: Endoscopic submucosal dissection; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; IC: Invasive carcinoma

Table 4  Multivariate analysis of factors affecting pathological upgradation
characteristics B OR (95% CI) P
Tumor location
Proximal stomach 0.808 2.244 (1.079–4.664) 0.030
Middle stomach -0.149 0.862 (0.503–1.477) 0.588
Distal stomach 1
Lesion size 0.559 1.748 (1.312–2.330) < 0.001
Surface with ulceration -1.862 0.155 (0.071–0.340) < 0.001
Surface with nodules -1.464 0.231 (0.120–0.446) < 0.001
Number of biopsies 0.160 1.173 (0.925–1.488) 0.189
OR: Odds ratio; CI: Confidence intervals.
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1.303–86.850; p = 0.027) and submucosal invasion (OR: 
102.241; 95% CI: 17.904-583.844; p < 0.001) were inde-
pendent risk factors for noncurative resection of ESD 
(Table 6).

Discussion
GIN is a precancerous lesion with the potential to be 
malignant and requires therapy based on its histologi-
cal grade. EFB and ESD are the most commonly used 
methods for diagnosing and treating GIN. However, 
the outcomes of biopsy specimens do not always match 
those of ESD samples. Thus, GIN diagnosed by EFB does 
not guarantee that there are no higher-grade tumor foci 
throughout the lesion.

Approximately 60–85% of patients with HGD will 
develop gastric cancer [18], so it is more rational to 
actively implement ESD for patients whose endoscopic 

biopsy results indicate HGD. Although LGD often mani-
fests as a gradual development, 23% of patients progress 
to malignancy [18]. Jiu Won Hwang et al. [19] have shown 
that utilizing magnifying endoscopy (ME) in conjunction 
with narrow-band imaging (NBI), LGD lesions with well-
defined boundaries and aberrant glandular duct opening 
morphology and/or microvascular morphology in the 
surface microstructure may suggest possible pathological 
upgrading. As a result, we advocate doing a standardized 
endoscopic evaluation of all lesions diagnosed as LGD 
by biopsy, with a special emphasis on the lesions’ bound-
ary and surface microstructure using ME + NBI. A biopsy 
alone is insufficient for LGD lesions larger than 2 cm in 
size and/or with apparent boundaries and abnormal sur-
face microstructure; diagnostic ESD resection is required 
instead [20].

Table 5  Analysis of factors associated with non-curative resection in ESD specimens
characteristics Curability χ2 P

Curative
(n = 215)

Noncurative
(n = 20)

Mean age in years (± SD) 63.95 ± 9.040 69.05 ± 8.811 0.033 0.856
Gender 1.458 0.227
Male 156 (72.6%) 17 (85%)
Female 59 (27.4%) 3 (15%)
Tumor location 8.872 0.012
Proximal stomach 31 (14.4%) 8 (40%)
Middle stomach 60 (27.9%) 3 (15%)
Distal stomach 124 (57.7%) 9 (45%)
Lesion size (cm) 18.487 < 0.001
> 2.0 36 (16.7%) 12 (60%)
≤ 2.0 179 (83.3%) 8 (40%)
Macroscopic type 0.860 0.65
Elevated (0-I, 0-IIa) 55 (25.6%) 4 (20%)
Flat (0-IIb) 32 (14.9) 2 (10%)
Depressed (0-IIc,0-III) 128 (59.5%) 14 (70%)
Histological classification 35.422 < 0.001
Differentiated type 208 (96.7%) 12 (60%)
Undifferentiated type 7 (3.3%) 8 (40%)
Submucosal infiltration 109.637 < 0.001
pTl a (M) 203 (94.4%) 2 (10%)
pTlb (SM) 12 (5.6%) 18 (90%)
ESD: Endoscopic submucosal dissection

Table 6  Multivariate analysis of factors affecting noncurative resection
characteristics B OR (95% CI) P
Tumor location
Proximal stomach 0.268 1.307 (0.239–7.143) 0.758
Middle stomach 0.235 1.264 (0.198–8.084) 0.804
Distal stomach 1
Lesion size 0.360 1.433 (0.735–2.793) 0.291
Histological classification 2.364 10.638 (1.303–86.850) 0.027
Submucosal infiltration 4.627 102.241 (17.904-583.844) < 0.001
OR: Odds ratio; CI: Confidence intervals.



Page 10 of 12Wang et al. BMC Gastroenterology          (2024) 24:253 

Studies have indicated that the coincidence rate of 
pathological diagnosis between preoperative biopsy and 
postoperative ESD was 41.9–66.1%, whereas the upgrade 
rate of post-ESD diagnosis was 16.3 ~ 44.9% [11, 12, 21–
23]. Consistent with the above reported statistics, our 
study revealed that the diagnostic coincidence rate before 
and after ESD was 64.0%, and the postoperative diagnos-
tic upgrade rate was 26.4%. The postoperative pathologi-
cal upgrading rates of nonneoplastic and LGD lesions 
were 47.6 (10/21) and 38.9% (7/18), respectively, which 
were greater than the rates reported in prior research 
[7, 12, 24]. The following factors may contribute to this 
disparity: First, there are insufficient biopsies. Second, 
the biopsy process is confined to clamping mucosal and 
submucosal tissues, leaving deeper abnormalities unde-
tected. Third, lesions frequently have numerous compo-
nents, such as nonneoplastic lesions, LGD, HGD, and 
IC, and the most severe lesions were not found during 
the endoscopic biopsy. Fourth, the nonneoplastic lesions 
that received ESD treatment were those assessed to have 
malignant potential by endoscopists and were chosen a 
second time, which could not represent the pathologi-
cal upgrading of all nonneoplastic lesions. It is suggested 
that EFB diagnosis of nonneoplastic lesions (including 
gastritis and polyps) cannot entirely rule out the possi-
bility of precancerous lesions. Special attention should 
be given to cases exhibiting the following endoscopic 
features, and if necessary, ESD is a feasible option: flat or 
depressed morphology, surface ulceration, and diameter 
exceeding 2 cm.

Postoperative pathological upgrading can occur for 
a variety of reasons, including macroscopic type, lesion 
location, lesion size, surface appearance (ulceration, nod-
ule, and redness), and number of biopsies [7, 11, 12, 17, 
25]. Multivariate regression analysis revealed that proxi-
mal stomach lesions (OR: 2.244; 95% CI: 1.079–4.664; 
p = 0.030), lesion size > 2  cm (OR: 1.748; 95% CI: 1.312–
2.330; p < 0.001), surface ulceration (OR: 0.155; 95% CI: 
0.071–0.340; p < 0.001), and surface nodules (OR: 0.231; 
95% CI:0.120–0.446; p < 0.001) were risk factors for path-
ological upgradation. The upper 2/3 of the stomach is 
susceptible to pathological development because of the 
following factors: (1) Lesions in the middle or upper sec-
tion of the stomach are more difficult to identify than 
those in the lower part due to the vast number of muco-
sal folds and limited observation area during gastroscopy. 
(2) Compared to the lower region, the cardia region has a 
greater density of lymphatic vessels, which increases the 
risk of tumor spread.

Curative resection is the aim of endoscopic resection 
for EGC; however, unintentional noncurative resection 
can occur under a variety of circumstances. The inci-
dence of noncurative resection in our study was 8.5%, 
which was lower than that reported in previous studies 

[12, 26–28]. The small sample size of our analysis may 
have contributed to this discrepancy. Several previous 
studies have examined the risk variables linked to noncu-
rative resection. In a study of 89 patients who underwent 
ESD, those with undifferentiated tumors, submucosal 
infiltration, vascular invasion, a positive vertical mar-
gin, and positive human epidermal growth factor recep-
tor-2 (HER-2) had the highest chance of not being able to 
undergo curative resection [29]. A retrospective analysis 
of 3094 patients with EGC who underwent ESD therapy 
was performed to identify the risk factors related to non-
curative resection. In that study, noncurative resection 
was associated with the following five factors: old age, 
undifferentiated tumor, tumor size > 2  cm, ulcer, and 
upper body tumor [26]. Furthermore, a study indicated 
that a tumor size greater than 2 cm, intraoperative bleed-
ing, and Helicobacter pylori infection were risk factors for 
noncurative resection [30]. Another study revealed that 
undifferentiated carcinoma and tumors of the elevated 
or depressed type were risk factors [31]. In addition to 
lesion features, the effects of the surgical technique used 
by the endoscopist were also analyzed [32]. In the present 
study, undifferentiated tumors and submucosal infiltra-
tion were associated with noncurative resection. Taken 
together, the primary factors that rendered resection less 
likely to be successful were tumor location in the upper 
stomach, larger tumor size, ulceration, undifferentiated 
tumor, submucosal infiltration, vascular invasion, and 
positive margin.

There were some limitations in this study. First, owing 
to the retrospective nature of this study, there is a poten-
tial for bias in patient selection. Second, this study was 
conducted at a single center with a limited number of 
participants. Therefore, it is necessary to conduct larger 
clinical trials to thoroughly assess the risk variables 
associated with pathological upgrading and noncurative 
resection in patients with EGC. Third, the biopsies exhib-
ited variations in both size and depth between patients. 
Biopsies that are either insufficient in size or quan-
tity tend to underestimate the severity of GIN. Fourth, 
there were no magnifying endoscopy results within the 
collected data; therefore, the conclusions reached are 
limited. In the future, the author plans to enlarge the 
research facility, increase the number of patients, and 
add the findings of magnifying endoscopy to the study to 
improve data representativeness.

Conclusions
In conclusion, if the lesion is located in the proximal por-
tion of the stomach, is larger than 2 cm, and has ulcers or 
nodules on the surface, there is a substantial risk of path-
ological upgradation following ESD. Noncurative endo-
scopic resection is associated with depth of invasion, 
and histological type. To reduce unnecessary endoscopic 
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ESD therapy, doctors should understand the predictors of 
noncurative endoscopy, thoroughly analyze endoscopic 
performance, and select the optimal treatment option for 
EGC patients.
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