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Abstract
Background Accurate diagnosis of the lateral extent of early gastric cancer during endoscopic submucosal dissection (ESD) 
is crucial to achieve negative resection margins. Similar to intraoperative consultation with a frozen section in surgery, rapid 
frozen section diagnosis with endoscopic forceps biopsy may be useful in assessing tumor margins during ESD. This study 
aimed to evaluate the diagnostic accuracy of frozen section biopsy.
Methods We prospectively enrolled 32 patients undergoing ESD for early gastric cancer. Biopsy samples for the frozen 
sections were randomly collected from fresh resected ESD specimens before formalin fixation. Two different pathologists 
independently diagnosed 130 frozen sections as “neoplasia,” “negative for neoplasia,” or “indefinite for neoplasia,” and the 
frozen section diagnosis was compared with the final pathological results of the ESD specimens.
Results Among the 130 frozen sections, 35 were from cancerous areas, and 95 were from non-cancerous areas. The diag-
nostic accuracies of the frozen section biopsies by the two pathologists were 98.5 and 94.6%, respectively. Cohen’s kappa 
coefficient of diagnoses by the two pathologists was 0.851 (95% confidence interval: 0.837–0.864). Incorrect diagnoses 
resulted from freezing artifacts, a small volume of tissue, inflammation, the presence of well-differentiated adenocarcinoma 
with mild nuclear atypia, and/or tissue damage during ESD.
Conclusions Pathological diagnosis of frozen section biopsy is reliable and can be applied as a rapid frozen section diagnosis 
for evaluating the lateral margins of early gastric cancer during ESD.

Keywords Frozen section · Pathological diagnosis · Diagnostic accuracy · Early gastric cancer · Endoscopic submucosal 
dissection · Lateral margin

The development of the endoscopic submucosal dissec-
tion (ESD) procedure has enabled minimally invasive and 

curative treatment for early gastric cancer, and the technique 
has been widely accepted as a standard treatment [1–3]. 
Although the endoscopic diagnosis of early gastric cancer 
extent has recently improved by chromoendoscopy using 
indigo carmine dye spraying [4] and magnifying endoscopy 
with narrow band imaging [5–7], the overall incidence of 
positive lateral margins in en bloc specimens of gastric 
cancers resected by ESD has been reported to be 2.0–6.3% 
[8–10]; 1.0–6.3% in differentiated [11–13] and 27.3% in 
undifferentiated cancers [14]. Positive lateral margins in an 
ESD specimen, as well as in segmental resections during 
ESD, are known to be a risk factor for local recurrence [8, 
15]. Therefore, accurate diagnosis of the lateral extent of 
lesions is important to achieve en bloc and negative resection 
margins [16, 17].

Previous studies reveal that the predictive factors for inac-
curate determination of the lateral extent of early gastric 
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cancer indicated for ESD include the following: cancer 
developed after eradication therapy of Helicobacter pylori 
(H. pylori), location in the upper third of the stomach, flat 
type cancer, and undifferentiated-type cancer[8, 11, 18–21]. 
Marking methods for circumferential biopsies to confirm 
non-neoplastic mucosa in preoperative esophagogastroduo-
denoscopy [22–24] help determine the lateral extent of the 
lesion, but biopsy scars are often undetectable during ESD.

During surgical resection of gastric cancer, microscopic 
margin analysis using a frozen section has been commonly 
performed to evaluate proximal and distal resection margins, 
and conversion from an R1 to an R0 resection, because intra-
operative consultation (IOC) on surgical margins is asso-
ciated with a decreased rate of local recurrence [25, 26]. 
Therefore, we hypothesized that, during gastric ESD, rapid 
frozen section analysis using endoscopic biopsy samples to 
assess margins might be useful, especially for lesions with 
unclear extents. However, the diagnostic accuracy of frozen 
section biopsy for gastric cancer has not been investigated. 
The purpose of this study was to clarify the diagnostic accu-
racy of the frozen section from gastric biopsy samples in 
anticipation of rapid frozen section diagnosis during gastric 
ESD in clinical practice.

Materials and methods

Patients and classification of lesions

We prospectively enrolled 32 patients undergoing ESD for 
early gastric cancer from January 1 to November 31, 2019, 
at Kagawa Prefectural Central Hospital. We defined the 
macroscopic types of tumors as elevated (0-I and 0-IIa), flat 
(0-IIb), and depressed (0-IIc) types according to the Paris 
endoscopic classification [27]. The location of tumors was 
classified into the upper, middle, and lower thirds of the 
stomach. In all patients, gastric lesions had been pathologi-
cally evaluated using endoscopic forceps biopsy (Olympus 
Co Tokyo Japan, FB-25 K-1) and a histologic diagnosis 
of gastric adenocarcinoma was confirmed prior to enroll-
ment. Gastric cancer was classified into the following five 
histologic types according to the Japanese classification 
of Gastric Cancer [28], which is consistent with the WHO 
classification [29]; papillary adenocarcinoma (pap), well-
differentiated tubular adenocarcinoma (tub1), moderately 
differentiated tubular adenocarcinoma (tub2), poorly dif-
ferentiated adenocarcinoma (por), and signet ring cell car-
cinoma (sig). Based on the pathological diagnosis of biop-
sies before ESD, we defined histologic types of pap, tub1, 
and tub2 as differentiated-type cancers, and por and sig as 
undifferentiated-type cancers. All endoscopic procedures in 
the present study were performed by an expert endoscopist 
with over 500 ESD cases of experience.

Study design

The flowchart of this study is shown in Fig. 1a. Imme-
diately after completion of ESD, biopsy samples for the 
frozen sections were randomly collected from cancerous 
and non-cancerous areas of the fresh resected ESD speci-
mens before formalin fixation (Fig. 1b, c). The sample 
acquisition for the frozen sections was also performed by 
the endoscopist who performed the ESD using endoscopic 
biopsy forceps. In total, 149 biopsy samples were obtained, 
and their frozen sections prepared. A pathologist with 
20 years of experience (Pathologist A) and another pathol-
ogist with 10 years of experience (Pathologist B) partici-
pated in this study. Information regarding differentiated- or 
undifferentiated-type carcinoma in the lesion based on the 
pathology results of the preoperative biopsy was given to 
the pathologists before evaluation of the frozen sections. 
Two pathologists then independently made pathological 
diagnoses for the 149 frozen sections prepared from the 
149 biopsy samples. The pathologists classified the frozen 
sections into three categories: “neoplasia,” “negative for 
neoplasia,” and “indefinite for neoplasia.” The diagnosis 
of “neoplasia” included non-invasive low-grade neoplasia, 
non-invasive high-grade neoplasia, and invasive neoplasia.

The specimens resected by ESD were fixed with for-
malin solution after sampling for frozen sections and pro-
vided for histopathological diagnosis. Histopathological 
examination of ESD specimens was made according to 
the Japanese classification of Gastric Cancer [28] and 
defined as the gold standard for this study. When multiple 
histological types coexisted in a lesion, the type with the 
largest relative area was adopted as the final pathological 
diagnosis.

Macroscopic photographs of the ESD specimens were 
taken to identify the sites where biopsies were taken for 
frozen sections (Fig. 1d). Parallel incisions on the ESD 
specimens were made at intervals of 2–3 mm and mac-
roscopic photographs were taken again to reconstruct 
the extent (mapping) of the tumors (Fig. 1e, f) [24]. To 
determine whether a frozen section was cancerous or non-
cancerous, we compared the biopsy sites for the frozen 
section with the mapping image of the ESD specimen. We 
defined a frozen section as being from the cancerous area 
if the biopsy site located within the tumor. Conversely, we 
defined a frozen section as being from the non-cancerous 
area if the biopsy site was outside the tumor (Fig. 1g).

The pathological diagnosis of a frozen section, i.e., 
“neoplasia,” “negative for neoplasia,” or “indefinite for 
neoplasia,” was compared to the final pathological diag-
nosis of the frozen section based on the mapping image 
of the formalin-fixed ESD specimen. We determined the 
frozen section diagnosis of “neoplasia” to be the final 
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pathological diagnosis of “cancerous area,” or the frozen 
section diagnosis of “negative for neoplasia” to be the 
final pathological diagnosis of “non-cancerous area” as a 
correct diagnosis. Conversely, we determined the frozen 
section diagnosis of “neoplasia” to be the final pathologi-
cal diagnosis of “non-cancerous area,” or the frozen sec-
tion diagnosis of “negative for neoplasia” to be the final 
pathological diagnosis of “cancerous area” as a misdiag-
nosis. The following frozen sections were excluded from 
the analysis: (i) at least one pathologist judged the frozen 

section as inappropriate material for which histological 
diagnosis cannot be made, or (ii) the biopsy samples were 
obtained from the boundary between cancerous and non-
cancerous area. The objectives of this study were to exam-
ine the accuracy of pathological diagnosis using frozen 
sections obtained via forceps biopsy and the consistency in 
diagnosis between the pathologists. In addition, we inves-
tigated the reasons for misdiagnosis or the diagnosis of 
“indefinite for neoplasia” by examining the formalin-fixed 
biopsy specimens.

Fig. 1  a Flowchart of the study. 
b Fresh specimen resected 
by ESD. c Randomly collect 
biopsy samples. d Biopsy sites 
on the fresh specimen (white 
arrows). e Biopsy sites on the 
formalin-fixed specimen (white 
arrows). f Mapping image trac-
ing the extent of the lesion (red 
lines) based on the final patho-
logical diagnosis. g Determine 
whether the frozen section is 
from the cancerous area (pink 
arrows) or the non-cancerous 
area (blue arrows)
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ESD procedure

ESD was performed with a conventional endoscope (GIF-
H290Z, Olympus, Tokyo, Japan). We used magnifying 
endoscopy with narrow band imaging (NBI) together with 
white light endoscopy to identify the demarcation line of 
lesions. After recognizing the demarcation line, marking 
dots were placed around the lesion by coagulation using a 
needle knife. Submucosal injections were performed to lift 
the mucosal layer using glycerol (10% glycerol and 5% fruc-
tose; Chugai Pharmaceutical Co., Tokyo, Japan) or MucoUp 
(0.4% sodium hyaluronate; Johnson & Johnson, New Brun-
swick, New Jersey, USA) with a small amount of indigo 
carmine as injection solutions. Circumferential mucosal 
incisions and submucosal dissections were performed using 
an IT Knife 2 and an electrosurgical generator (VIO 300D; 
Erbe, Tubingen, Germany). The electrosurgical unit was set 
at a cutting current for mucosal incisions on Drycut mode, 
effect 4, 40W, and at a coagulating current for submucosal 
dissections on Soft Coagulation mode, effect 3, 30W.

Preparation of frozen sections

Immediately after ESD, the fresh specimen was stretched 
and fixed on polystyrene with the mucosal surface fac-
ing upward, using mounting pins. Samples were collected 
from ESD fresh specimen using endoscopic biopsy forceps 
and used to prepare frozen sections. Biopsy samples were 
wrapped in saline-soaked gauze and promptly taken to the 
pathology laboratory. Samples were directly placed onto a 
metal chuck provided with Tissue-Tek O.C.T. Compound 
(Sakura Finetek, USA) and frozen using a freezing spray, 
PATH FREEZER (Matsunami Glass Ind, Osaka, Japan) in 
a cryostat set at −20 °C. The frozen tissue block was then 
mounted onto the microtome of the cryostat, thinly sliced to 
4 μm, and placed on a glass slide. After the tissue sections 
were fixed with acetone at room temperature for 1 min, the 
slides were stained by immersing them in Gill’s Hematoxylin 
and Eosin for 1 min each. The slides were then dehydrated 
in alcohol, cleared in xylene, mounted with a coverslip and 
mounting medium, and used for pathological diagnosis. It 
took approximately 10 min, from biopsy sampling to com-
pletion, for the preparation of the frozen sections. Following 
this, the remaining samples were thawed, formalin-fixed, 
embedded in paraffin and stored. The formalin-fixed biopsy 
specimens were stained with hematoxylin and eosin and 
used for additional analysis to investigate the reasons for 
misdiagnosis or a diagnosis of “indefinite for neoplasia.”

Statistical analysis

Diagnoses of frozen sections were compared to the cor-
responding pathological diagnoses of ESD specimens to 

Table 1  Patient and tumor characteristics

H. pylori, Helicobacter pylori; ESD, endoscopic submucosal dissec-
tion; Pap, papillary adenocarcinoma; Tub1, well-differentiated tubular 
adenocarcinoma; Tub2, moderately differentiated tubular adenocarci-
noma; Por, poorly differentiated adenocarcinoma; Sig, signet ring cell 
carcinoma; M, mucosa; SM, submucosa; MP, muscularis propria

Variable Values, n = 32

Sex
 Male 25 (78.1%)
 Female 7 (21.9%)

Median age, year (range) 76 (41–94)
H. pylori infection status
 Non-infection 3 (9.4%)
 Current infection 4 (12.5%)
 Post-eradication 12 (37.5%)
 Spontaneous-disappearance 13 (40.6%)

Tumor location
 Upper third 5 (15.6%)
 Middle third 12 (37.5%)
 Lower third 15 (46.9%)

Median tumor size, mm (range) 11 (4–38)
Median ESD specimen size, mm (range) 34 (17–58)
Microscopic type
 Elevated (0-I or 0-IIa) 12 (37.5%)
 Flat (0-IIb) 5 (15.6%)
 Depressed (0-IIc) 15 (46.9%)

Histologic type
 Pap 0 (0.0%)
 Tub1 24 (75.0%)
 Tub2 5 (15.6%)
 Por 1 (3.1%)
 Sig 2 (6.3%)

Invasion depth
 M 29 (90.6%)
 SM 2 (6.3%)
 MP 1 (3.1%)

Ulcerative finding
 Present 3 (9.4%)
 Absent 29 (90.6%)

Lymphovascular infiltration
 Present 2 (6.3%)
 Absent 30 (93.8%)

Lateral margin
 Positive 0 (0.0%)
 Negative 32 (100%)

Vertical margin
 Positive 2 (6.3%)
 Negative 30 (93.8%)

En bloc resection 32 (100.0%)
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evaluate the accuracy of frozen section assessments, as 
described previously. Inter-rater concordance was ana-
lyzed using the percentage of raw agreement and Cohen’s 
kappa coefficient [30]. The degree of diagnostic concord-
ance between pathologists was evaluated by the Landis and 
Koch criteria [31]. The Fisher exact test was used to com-
pare categorical variables and statistical significance was set 
at p < 0.05. All statistical analyses were performed using the 
STATA 17.0 software program (Stata Corporation, College 
Station, TX, USA) or the JMP Pro 15.1.0 software program 
(SAS Institute, Cary, NC, USA).

Results

Clinicopathological features

The 32 patients with early gastric cancer lesions included 25 
men and seven women. The median patient age was 76 years 
(range 41 – 94 years). With regard to H. pylori infection sta-
tus; three patients (9.4%) were uninfected, four (12.5%) were 

currently infected, 12 (37.5%) were post-eradication, and 
13 (40.6%) had H. pylori which spontaneously disappeared. 
The median size of the tumors treated with ESD was 11 mm 
(range: 4 – 38 mm), and the median size of the ESD speci-
mens was 34 mm (range: 17– 58 mm). The distribution of 
the lesion locations was as follows: five (15.6%) in the upper 
third, 12 (37.5%) in the middle third, and 15 (46.9%) in the 
lower third. Macroscopically, 12 lesions (37.5%) were ele-
vated, five (15.6%) were flat, and 15 (46.9%) were depressed. 
En bloc resection was achieved for all 32 lesions (100%) 
(Table 1).

Histological analysis of ESD specimens

All 32 lesions were resected with negative lateral margins 
and two lesions (6.3%) with positive vertical margins. 
Twenty-nine lesions (90.6%) were differentiated-type adeno-
carcinomas: 24 (75.0%) tub1 and five (15.6%) tub2. Three 
lesions (9.4%) were undifferentiated-type adenocarcinomas: 
one (3.1%) por and two (6.3%) sig. (Table 1).

Fig. 2  Representative pathological images of frozen sections and 
ESD specimens of differentiated-type carcinoma (hematoxylin and 
eosin staining). a, b Well-differentiated tubular adenocarcinoma 

(tub1), a Frozen section (× 100); b ESD specimen (× 100). c, d Mod-
erately differentiated tubular adenocarcinoma (tub2); c Frozen section 
(× 100); d ESD specimen (× 100)
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Pathological images of frozen sections

Representative pathology of the frozen sections from can-
cerous areas compared to the ESD specimens is shown in 
Figs. 2, 3. Figure 4 shows the frozen sections from non-
cancerous areas. Although frozen sections showed freezing 
artifacts and a decreased intensity of the stain compared 

Fig. 3  Representative pathological images of frozen sections and 
ESD specimens of undifferentiated-type carcinoma (hematoxy-
lin and eosin staining). a–d Poorly differentiated adenocarcinoma 
(por2 > tub2); a, b Frozen section (a × 40, b × 400); c, d ESD speci-
men (c × 40, d × 400). e−h Signet ring cell carcinoma (sig); e, f Fro-
zen section (e × 100, f × 400); g, h ESD specimen (g × 100, h × 400)

◂

Fig. 4  Representative pathological images of frozen sections of nor-
mal gastric mucosa (hematoxylin and eosin staining). a Fundic gland 
mucosa without atrophy and intestinal neoplasia (× 100). b Fundic 

gland mucosa with severe atrophy (× 100). c Fundic gland mucosa 
with severe atrophy and severe intestinal neoplasia (× 100). d Pyloric 
gland mucosa with mild atrophy (× 100)

Table 2  Pathological diagnosis 
of the frozen section by 
pathologists A and B

The final pathology compared to ESD specimen

Cancerous area, n = 35 Non-can-
cerous area, 
n = 95

Pathologist A Neoplasia 34 (97.1%) 0 (0%)
Indefinite 0 (0%) 1 (1.1%)
Negative for neoplasia 1 (2.9%) 94 (98.9%)

Pathologist B Neoplasia 29 (82.9%) 0 (0%)
Indefinite 6 (17.1%) 1 (1.1%)
Negative for neoplasia 0 (0%) 94 (98.9%)
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with formalin-fixed ESD specimens, correct diagnoses can 
be made.

Accuracy of pathological diagnosis of frozen 
sections

Two pathologists independently evaluated 149 frozen sec-
tions. Eleven frozen sections were judged to be inappropriate 
by at least one pathologist: nine frozen sections had severe 
artifacts and two frozen sections lacked epithelial compo-
nents. Of the 149 frozen sections prepared, 10 were deter-
mined to have been obtained from the boundaries between 
the cancerous and the non-cancerous area. Two frozen sec-
tions met both of the exclusion criteria (Table S1). Hence, 
19 frozen sections were excluded from the analysis, and the 
diagnostic accuracy of 130 frozen sections was examined 
by two different pathologists. Of the 130 frozen sections, 35 
were obtained from cancerous areas and 95 were obtained 
from non-cancerous areas. The histologic type of the lesions 
and the number of biopsy samples per patient are shown in 
Table S2. As shown in Table 2, the diagnostic accuracies 
of the frozen sections by pathologists A and B were 98.5% 
(128/130) and 94.6% (123/130), respectively. The frozen 
sections from cancerous areas were correctly diagnosed as 
“neoplasia” by the two pathologists in 97.1% (34/35) and 
82.9% (29/35) of the sections, respectively. Those from 
non-cancerous areas were correctly diagnosed as “negative 
for neoplasia” in 98.9% (94/95) and 98.9% (94/95) of the 
sections, respectively. The frozen sections from cancerous 
areas were diagnosed as “indefinite for neoplasia” in 0% 
(0/35) and 17.1% (6/35) of the sections, and misdiagnosed as 
“negative for neoplasia” in 2.9% (1/35) and 0% (0/35) of the 
sections, respectively. On the other hand, the frozen sections 
from non-cancerous areas were diagnosed as “indefinite for 
neoplasia” in 1.1% (1/95) and 1.1% (1/95) of the sections, 
respectively, and no frozen sections from non-cancerous 
areas were misdiagnosed as “neoplasia” by either patholo-
gist. The cross-tabulation table of pathological diagnoses of 
the frozen sections by pathologists is shown in Table 3. The 

percentage of raw agreement between the pathologists was 
93.8% and the Cohen’s kappa coefficient was 0.851 (95% 
CI: 0.837–0.864), indicating an “almost perfect” agreement 
between the two according to the Landis and Koch criteria. 
There were no significant differences in the diagnostic accu-
racy of frozen sections between the two pathologists for H. 
pylori infection status (post eradication vs. non-post eradica-
tion), lesion location (upper third vs. middle or lower third), 
lesion morphology (flat vs. non-flat type), or histologic type 
(undifferentiated vs. differentiated type).

Frozen sections that were misdiagnosed 
or diagnosed as indefinite for neoplasia

Of the 130 frozen sections, six from cancerous areas and two 
from non-cancerous areas were misdiagnosed or diagnosed 
as “indefinite for neoplasia” by at least one pathologist. We 
made formalin-fixed specimens from these biopsy samples 
and both pathologists evaluated the specimens to reveal the 
reasons for the incorrect diagnosis by comparing the pathol-
ogy findings of the frozen sections, the fixed biopsy speci-
mens, and the ESD specimens (Table 4, Cases #1–8).

In one of the six frozen sections from the cancerous 
areas, pathologist A misdiagnosed it as “negative for 
neoplasia” and pathologist B diagnosed it as “indefi-
nite for neoplasia” (Table 4, Case #1). Both pathologists 
diagnosed the fixed biopsy specimen as “indefinite for 
neoplasia.” Fig. S1 shows the pathological images of the 
frozen section, the fixed biopsy specimen, and the ESD 
specimen of Case #1. There were inflammatory cell infil-
trates, freezing artifacts, and a well-differentiated tubular 
adenocarcinoma with mild nuclear atypia, which were 
the reasons for the misdiagnosis of the frozen section. In 
the remaining five frozen sections from cancerous areas, 
pathologist A correctly diagnosed them as “neoplasia,” 
whereas, pathologist B diagnosed them as “indefinite for 
neoplasia” (Table 4, Cases #2–6). The incorrect diagno-
sis resulted from freezing artifacts, insufficient staining 
results, small volume of tissue samples, inflammation, 
and/or a well-differentiated adenocarcinoma with mild 
nuclear atypia (Figs. S2, S3). Among the frozen sections 
from cancerous areas that were incorrectly diagnosed, 
both pathologists made a correct diagnosis of “neoplasia” 
in only two fixed biopsy specimens. On the other hand, 
no frozen sections from non-cancerous areas were misdi-
agnosed as “neoplasia.” Additionally, two frozen sections 
were diagnosed as “indefinite for neoplasia” by at least 
one pathologist (Table 4, Cases #7–8). Improper cutting 
(horizontal to the mucosa) and thermal damage to the 
tissues during ESD made it difficult for the pathologist 
to make the correct diagnosis of “negative for neopla-
sia” (Figs. S4, S5). Among the two fixed biopsy speci-
mens from non-cancerous areas, only one specimen was 

Table 3  Cross-tabulation table of pathological diagnosis of frozen 
section

Pathologist B

Neoplasia Indefinite Negative 
for neopla-
sia

Total, n

Patholo-
gist A

Neoplasia 29 5 0 34
Indefinite 0 0 1 1
Negative 

for neo-
plasia

0 2 93 95

Total, n 29 7 94 130
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correctly diagnosed as “negative for neoplasia” by both 
the pathologists.

Discussion

The purpose of this study was to reveal the diagnostic accu-
racy of frozen section biopsy for early gastric cancer to 
assess margins during gastric ESD. The diagnostic accura-
cies of frozen section biopsies by two different pathologists 
were 98.5 and 94.6%, respectively, with high inter-patholo-
gist concordance. Frozen sections from the cancerous areas 
were correctly diagnosed by the two pathologists in 97.1 and 
82.9% of the sections, and misdiagnosed in 2.9 and 0% of 
the sections, respectively. Frozen sections from the non-can-
cerous areas were correctly diagnosed in 98.9 and 98.9% of 
the sections, and misdiagnosed in 0 and 0% of the sections, 
respectively. The diagnostic accuracy of frozen sections by 
surgical IOC has been reported to be 95.8–99.4%, with mis-
diagnosis of cancerous frozen sections reportedly occurring 
in 0.2–26.1% [26, 32–35]. In the present study, the results 
were comparable to those previously reported, despite the 
pathological diagnoses being made with a small amount of 
tissue obtained using endoscopic biopsy forceps. Therefore, 
we suggest that the pathological diagnosis of frozen section 
biopsy is reliable and can be applied to determine the extent 
of lesions during ESD.

The diagnosis of “indefinite for neoplasia” by patholo-
gists A and B, accounting for 0.8% (1/130) and 5.4% (7/130) 
of the sections, respectively, resulted from two factors, i.e., 
quality of the frozen sections and nature of the lesions. 
The reasons for inappropriate quality of frozen sections 
included freezing artifacts, insufficient staining, small vol-
ume of tissue, and denaturation of tissue due to ESD. The 
nature of the lesion that hampered pathologists’ diagnoses 
included inflammation-induced atypia similar to neoplastic 
cells, inflammatory cell infiltration to the stroma, and the 
inconspicuous nuclear atypia of well-differentiated tubular 
adenocarcinomas.

With inflammatory cell infiltration into the stroma, can-
cer with mild nuclear atypia and minimal architectural 
distortion can be confused with reactive atypia induced by 
inflammation. Injection of fluid into the submucosal layer, 
thermocoagulation, contact with endoscopic attachment, 
and decreased blood flow to the tissue were considered to 
result in denaturation of the tissue. In addition, formation of 
ice crystals as water freezes in the tissue causing cytoclasis 
and vacuolation, leads to unavoidable freezing artifacts and 
insufficient staining during frozen section preparation.

In this study, 75% of the frozen sections diagnosed as 
“indefinite for neoplasia” were biopsied from cancerous 
areas, and in about half of them, histopathological char-
acteristics of a well-differentiated tubular adenocarcinoma 

with mild nuclear atypia made the correct diagnosis difficult. 
These results suggest that, when frozen sections were diag-
nosed as “indefinite for neoplasia” during ESD, the biopsy 
samples were more likely to contain cancer cells. In cases 
where conventional endoscopic biopsy specimens fixed with 
formalin are pathologically diagnosed as “indefinite for neo-
plasia,” assessment with re-biopsy specimens is generally 
recommended [36, 37]. Consequently, if the rapid patho-
logical diagnosis using frozen section biopsy during ESD 
is “indefinite for neoplasia,” reexamination with another 
sample can be done.

No frozen sections from non-cancerous areas were misdi-
agnosed as “neoplasia.” Meanwhile, only one section from 
a cancerous area was misdiagnosed as “negative for neopla-
sia.” This misdiagnosis resulted from the artifacts introduced 
during frozen section preparation and the lesion characteris-
tics of inflammation and those of a well-differentiated tubu-
lar adenocarcinoma with mild nuclear atypia. However, the 
endoscopic image showed an elevated type (0-I) lesion with 
a well-defined margin, with the lateral extent of the lesion 
easily recognized optically. In addition, the other patholo-
gist diagnosed the frozen section as “indefinite for neopla-
sia,” suggesting that misdiagnosis of frozen sections may be 
avoided by discussion between two or more pathologists. In 
rapid frozen section diagnosis of a well-differentiated tubu-
lar adenocarcinoma with mild nuclear atypia and minimal 
architectural distortion, pathological information (histologic 
subtype, degree of nuclear atypia, and structural distortion) 
based on fixed biopsy specimens of the lesion taken during 
preoperative esophagogastroduodenoscopy may help the 
pathologist make an accurate diagnosis.

Furthermore, in this study, frozen section biopsy diag-
nosis was reliable regardless of the predictive factors for 
inaccurate determination of the lateral extent of early gastric 
cancer, i.e., cancer developed after eradication therapy of 
Helicobacter pylori (H. pylori), location in the upper third 
of the stomach, flat type cancer, and undifferentiated-type 
cancer.

In surgical IOC, diffuse-type or signet ring cell carcino-
mas have been reported as risk factors for the misdiagnosis 
of frozen sections [33, 34, 38]. A single institutional study 
[34] examined 144 frozen sections of 81 patients with 
esophagogastric adenocarcinoma who underwent opera-
tive intervention and demonstrated that the diagnostic 
accuracy of frozen sections was 95.8% (138/144) and the 
frequency of misdiagnoses of cancerous frozen sections 
was 26.1% (6/23). These misdiagnoses were due to missed 
signet ring cells or freezing artifacts precluding an accu-
rate diagnosis. On hematoxylin and eosin staining, signet 
ring cells that produce mucin can be confused with mac-
rophages containing mucoprotein, and conversely, some 
cells that have less mucin may be difficult to distinguish 
from lymphocytes. In IOC using frozen sections, providing 
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the pathologist with the appropriate clinical information 
assists in making a correct pathological diagnosis [39]. 
In the present study, the pathologists were given infor-
mation on differentiated- or undifferentiated-type cancer 
based on the pathology results of the preoperative biopsy. 
Some studies have proposed that rapid special immunohis-
tochemical staining such as with cytokeratin and mucin, in 
combination with frozen sections, aided difficult cases in 
surgical IOC [40, 41]. Thus, such staining can be an option 
for rapid frozen section diagnosis during ESD.

In clinical practice, the goal of frozen section biopsy 
during ESD is to determine the lateral extent of the lesion 
for accurate excision. Therefore, it is important that biop-
sies from non-cancerous areas be accurately diagnosed as 
“negative for neoplasia” in frozen section analyses. The 
results of the present study showed that no frozen section 
from a non-cancerous area was misdiagnosed as “neo-
plasia”, regardless of the pathologist’s experience, which 
revealed that pathological diagnosis using frozen section 
biopsy can be applied in determining the lateral extent 
of cancer during ESD. Although it takes approximately 
15 min from preparation to diagnosis of frozen sections, 
the procedure does not require specialized equipment and 
can be performed repeatedly.

Frozen section biopsy during ESD may help avoid 
unnecessary, extensive dissection, which may conse-
quently reduce complications such as bleeding and perfo-
ration associated with ESD.

This study has several limitations. First, this was a 
single-institutional study with a small number of cases, 
with particularly limited patients with undifferentiated-
type carcinomas. Second, from an ethical point of view, 
especially for patient safety, the biopsy samples for frozen 
sections in our study were not obtained during ESD but 
after the completion of ESD. Fresh specimens resected by 
ESD might have been affected by ESD procedure-related 
tissue damage. Third, since we adopted a method for pre-
paring frozen sections with surgically resected tissue, the 
method for frozen section biopsy in this study might not 
be optimized.

In conclusion, to the best of our knowledge, this is the 
first study to examine the diagnostic accuracy of frozen sec-
tion biopsy for early gastric cancer. It has revealed that path-
ological diagnosis of frozen section biopsy had high diag-
nostic accuracy and good diagnostic concordance between 
pathologists. We believe that the results of this study can be 
applied to assess the lateral margins of lesions during ESD 
and contribute to improving treatment outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00464- 023- 10100-2.

Acknowledgements The authors acknowledge the help of our endos-
copy nurses, endoscopy technicians, pathological technicians, and 
medical assistants.

Funding Open access funding provided by Okayama University. No 
funding was received.

Declarations 

Disclosures Mayu Kobashi, Shigenao Ishikawa, Tomoki Inaba, Masaya 
Iwamuro, Yuki Aoyama, Tomo Kagawa, Yasuto Takeuchi, Midori 
Ando, Satoko Nakamura, and Hiroyuki Okada declare that they have 
no conflict of interest or financial ties to disclose.

Ethical approval All patients provided written informed consent 
before commencement of the study. This single-institutional study 
was conducted in accordance with the guidelines of the Declaration of 
Helsinki and was approved by our institutional review board (registry 
no: 808) and was pre-registered at the University Hospital Medical 
Information Network Center (UMIN Clinical Trials Registry, number 
UMIN000035637).

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Gotoda T, Yamamoto H, Soetikno RM (2006) Endoscopic 
submucosal dissection of early gastric cancer. J Gastroenterol 
41:929–942

 2. Gotoda T (2007) Endoscopic resection of early gastric cancer. 
Gastric Cancer 10:1–11

 3. Isomoto H, Shikuwa S, Yamaguchi N, Fukuda E, Ikeda K, Nishiy-
ama H, Ohnita K, Mizuta Y, Shiozawa J, Kohno S (2009) Endo-
scopic submucosal dissection for early gastric cancer: a large-
scale feasibility study. Gut 58:331–336

 4. Ida K, Hashimoto Y, Takeda S, Murakami K, Kawai K (1975) 
Endoscopic diagnosis of gastric cancer with dye scattering. Am J 
Gastroenterol 63:316–320

 5. Yao K, Iwashita A, Kikuchi Y, Yao T, Matsui T, Tanabe H, 
Nagahama T, Sou S (2005) Novel zoom endoscopy technique for 
visualizing the microvascular architecture in gastric mucosa. Clin 
Gastroenterol Hepatol 3:S23-26

 6. Yao K, Anagnostopoulos GK, Ragunath K (2009) Magnifying 
endoscopy for diagnosing and delineating early gastric cancer. 
Endoscopy 41:462–467

 7. Yao K, Iwashita A, Tanabe H, Nagahama T, Matsui T, Ueki T, 
Sou S, Kikuchi Y, Yorioka M (2007) Novel zoom endoscopy 
technique for diagnosis of small flat gastric cancer: a prospective, 
blind study. Clin Gastroenterol Hepatol 5:869–878

 8. Numata N, Oka S, Tanaka S, Kagemoto K, Sanomura Y, Yoshida 
S, Arihiro K, Shimamoto F, Chayama K (2015) Risk factors and 
management of positive horizontal margin in early gastric cancer 

https://doi.org/10.1007/s00464-023-10100-2
http://creativecommons.org/licenses/by/4.0/


6747Surgical Endoscopy (2023) 37:6736–6748 

1 3

resected by en bloc endoscopic submucosal dissection. Gastric 
Cancer 18:332–338

 9. Emura F, Mejia J, Donneys A, Ricaurte O, Sabbagh L, Giraldo-
Cadavid L, Oda I, Saito Y, Osorio C (2015) Therapeutic outcomes 
of endoscopic submucosal dissection of differentiated early gastric 
cancer in a Western endoscopy setting (with video). Gastrointest 
Endosc 82:804–811

 10. Jeon MY, Park JC, Hahn KY, Shin SK, Lee SK, Lee YC (2018) 
Long-term outcomes after noncurative endoscopic resection of 
early gastric cancer: the optimal time for additional endoscopic 
treatment. Gastrointest Endosc 87(1003–1013):e1002

 11. Kakushima N, Ono H, Tanaka M, Takizawa K, Yamaguchi Y, 
Matsubayashi H (2011) Factors related to lateral margin positivity 
for cancer in gastric specimens of endoscopic submucosal dissec-
tion. Dig Endosc 23:227–232

 12. Sekiguchi M, Suzuki H, Oda I, Abe S, Nonaka S, Yoshinaga 
S, Taniguchi H, Sekine S, Kushima R, Saito Y (2014) Risk of 
recurrent gastric cancer after endoscopic resection with a posi-
tive lateral margin. Endoscopy 46:273–278

 13. Min BH, Kim KM, Park CK, Lee JH, Rhee PL, Rhee JC, Kim 
JJ (2015) Outcomes of endoscopic submucosal dissection for 
differentiated-type early gastric cancer with histological hetero-
geneity. Gastric Cancer 18:618–626

 14. Jeon HK, Lee SJ, Kim GH, Park DY, Lee BE, Song GA (2018) 
Endoscopic submucosal dissection for undifferentiated-type 
early gastric cancer: short- and long-term outcomes. Surg 
Endosc 32:1963–1970

 15. Takenaka R, Kawahara Y, Okada H, Hori K, Inoue M, Kawano 
S, Tanioka D, Tsuzuki T, Yagi S, Kato J, Uemura M, Ohara N, 
Yoshino T, Imagawa A, Fujiki S, Takata R, Yamamoto K (2008) 
Risk factors associated with local recurrence of early gastric can-
cers after endoscopic submucosal dissection. Gastrointest Endosc 
68:887–894

 16. Japanese Gastric Cancer (2021) Japanese gastric cancer treatment 
guidelines 2018  (5th edition). Gastric Cancer 24:1–21

 17. Bourke MJ, Neuhaus H, Bergman JJ (2018) Endoscopic submu-
cosal dissection: indications and application in western endoscopy 
practice. Gastroenterology 154(1887–1900):e1885

 18. Ito M, Tanaka S, Takata S, Oka S, Imagawa S, Ueda H, Egi Y, 
Kitadai Y, Yasui W, Yoshihara M, Haruma K, Chayama K (2005) 
Morphological changes in human gastric tumours after eradication 
therapy of Helicobacter pylori in a short-term follow-up. Aliment 
Pharmacol Ther 21:559–566

 19. Kobayashi M, Hashimoto S, Nishikura K, Mizuno K, Takeuchi 
M, Sato Y, Ajioka Y, Aoyagi Y (2013) Magnifying narrow-band 
imaging of surface maturation in early differentiated-type gas-
tric cancers after Helicobacter pylori eradication. J Gastroenterol 
48:1332–1342

 20. Saka A, Yagi K, Nimura S (2016) Endoscopic and histological 
features of gastric cancers after successful Helicobacter pylori 
eradication therapy. Gastric Cancer 19:524–530

 21. Asada-Hirayama I, Kodashima S, Goto O, Yamamichi N, Ono S, 
Niimi K, Mochizuki S, Konno-Shimizu M, Mikami-Matsuda R, 
Minatsuki C, Takahashi Y, Matsusaka K, Ushiku T, Fukayama 
M, Fujishiro M, Koike K (2013) Factors predictive of inaccurate 
determination of horizontal extent of intestinal-type early gastric 
cancers during endoscopic submucosal dissection: a retrospective 
analysis. Dig Endosc 25:593–600

 22. Yamamoto Y, Fujisaki J, Hirasawa T, Ishiyama A, Yoshimoto 
K, Ueki N, Chino A, Tsuchida T, Hoshino E, Hiki N, Fukunaga 
T, Sano T, Yamaguchi T, Takahashi H, Miyata S, Yamamoto N, 
Kato Y, Igarashi M (2010) Therapeutic outcomes of endoscopic 
submucosal dissection of undifferentiated-type intramucosal gas-
tric cancer without ulceration and preoperatively diagnosed as 20 
millimetres or less in diameter. Dig Endosc 22:112–118

 23. Yoshimizu S, Yamamoto Y, Horiuchi Y, Yoshio T, Ishiyama A, 
Hirasawa T, Tsuchida T, Fujisaki J (2019) A suitable marking 
method to achieve lateral margin negative in endoscopic submu-
cosal dissection for undifferentiated-type early gastric cancer. 
Endosc Int Open 7:E274-e281

 24. Ono H, Yao K, Fujishiro M, Oda I, Uedo N, Nimura S, Yahagi 
N, Iishi H, Oka M, Ajioka Y, Fujimoto K (2021) Guidelines for 
endoscopic submucosal dissection and endoscopic mucosal resec-
tion for early gastric cancer (second edition). Dig Endosc 33:4–20

 25. Squires MH 3rd, Kooby DA, Pawlik TM, Weber SM, Poultsides G, 
Schmidt C, Votanopoulos K, Fields RC, Ejaz A, Acher AW, Wor-
hunsky DJ, Saunders N, Jin LX, Levine E, Cho CS, Bloomston M, 
Winslow E, Cardona K, Staley CA 3rd, Maithel SK (2014) Util-
ity of the proximal margin frozen section for resection of gastric 
adenocarcinoma: a 7-Institution Study of the US Gastric Cancer 
Collaborative. Ann Surg Oncol 21:4202–4210

 26. Nakanishi K, Morita S, Taniguchi H, Otsuki S, Fukagawa T, Katai 
H (2019) Diagnostic accuracy and usefulness of intraoperative 
margin assessment by frozen section in gastric cancer. Ann Surg 
Oncol 26:1787–1794

 27. Participants in the Paris Workshop (2003) The Paris endoscopic 
classification of superficial neoplastic lesions: esophagus, stom-
ach, and colon: November 30 to December 1, 2002. Gastrointest 
Endosc 58:S3-43

 28. Japanese Gastric Cancer (2011) Japanese classification of gastric 
carcinoma: 3rd English edition. Gastric Cancer 14:101–112

 29. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schir-
macher P, Washington KM, Carneiro F, Cree IA (2020) The 2019 
WHO classification of tumours of the digestive system. Histopa-
thology 76:182–188

 30. Cohen J (1960) A coefficient of agreement for nominal scales. 
Educ Psychol Measur 20:37–46

 31. Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33:159–174

 32. Shen JG, Cheong JH, Hyung WJ, Kim J, Choi SH, Noh SH (2006) 
Intraoperative frozen section margin evaluation in gastric cancer 
of the cardia surgery. Hepatogastroenterology 53:976–978

 33. McAuliffe JC, Tang LH, Kamrani K, Olino K, Klimstra DS, Bren-
nan MF, Coit DG (2019) Prevalence of false-negative results of 
intraoperative consultation on surgical margins during resection 
of gastric and gastroesophageal adenocarcinoma. JAMA Surg 
154:126–132

 34. Spicer J, Benay C, Lee L, Rousseau M, Andalib A, Kushner Y, 
Marcus V, Ferri L (2014) Diagnostic accuracy and utility of intra-
operative microscopic margin analysis of gastric and esophageal 
adenocarcinoma. Ann Surg Oncol 21:2580–2586

 35. Berlth F, Kim WH, Choi JH, Park SH, Kong SH, Lee HJ, Yang 
HK (2020) Prognostic impact of frozen section investigation and 
extent of proximal safety margin in gastric cancer resection. Ann 
Surg 272:871–878

 36. Riddell RH, Iwafuchi M (1998) Problems arising from eastern and 
western classification systems for gastrointestinal dysplasia and 
carcinoma: are they resolvable? Histopathology 33:197–202

 37. Lee H, Kim H, Shin SK, Park JC, Lee SK, Lee YC, Kim H, Noh 
SH (2012) The diagnostic role of endoscopic submucosal dissec-
tion for gastric lesions with indefinite pathology. Scand J Gastro-
enterol 47:1101–1107

 38. Chen F, Jiang K, Han B (2021) Diagnostic challenges of intra-
operative frozen consultation for gastrointestinal signet ring cell 
carcinoma†. Histopathology 78:300–309

 39. Younes M (2005) Frozen section of the gastrointestinal tract, 
appendix, and peritoneum. Arch Pathol Lab Med 129:1558–1564

 40. Soans S, Galindo LM, Garcia FU (1999) Mucin stain on fro-
zen sections: a rapid 3-minute method. Arch Pathol Lab Med 
123:378–380



6748 Surgical Endoscopy (2023) 37:6736–6748

1 3

 41. Matsusaka S, Nagareda T, Yamasaki H, Kitayama Y, Okada T, 
Maeda S (2003) Immunohistochemical evaluation for intraopera-
tive rapid pathological assessment of the gastric margin. World J 
Surg 27:715–718

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Diagnostic accuracy of frozen section biopsy for early gastric cancer extent during endoscopic submucosal dissection: a prospective study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Patients and classification of lesions
	Study design
	ESD procedure
	Preparation of frozen sections
	Statistical analysis

	Results
	Clinicopathological features
	Histological analysis of ESD specimens
	Pathological images of frozen sections
	Accuracy of pathological diagnosis of frozen sections
	Frozen sections that were misdiagnosed or diagnosed as indefinite for neoplasia

	Discussion
	Anchor 20
	Acknowledgements 
	References




