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Abstract

Background
Endocytoscopy (ECS) enables microscopic observation in vivo for the gastrointestinal mucosa; however,
there has been no prospective study in which the diagnostic accuracy of ECS for lesions that have not yet
undergone histological diagnosis was evaluated. We conducted a surveillance study for patients in a
high-risk group of esophageal squamous cell carcinoma (ESCC) and evaluated the in vivo histological
diagnostic accuracy of ECS.

Methods
This study was a multicenter prospective study. We enrolled 197 patients in the study between September
1, 2019 and November 30, 2020. The patients �rst underwent white light imaging and narrow band
imaging, and ultra-high magnifying observation was performed if there was a lesion suspected to be an
esophageal tumor. Endoscopic submucosal dissection (ESD) was later performed for lesions that were
diagnosed to be ESCC by ECS without biopsy. We analyzed the diagnostic accuracy of ECS for
esophageal tumorous lesions.

Results
ESD was performed for 37 patients (41 lesions) who were diagnosed as having ESCC by ECS, and all of
them were histopathologically diagnosed as having ESCC. The sensitivity (95% con�dence interval (CI))
was 97.6% (87.7%-99.7%), speci�city was 100% (92.7%-100%), diagnostic accuracy was 98.9%
(94.0%-99.8%), positive predictive value (PPV) was 100% (91.4%-100%) and negative predictive value
(NPV) was 98.0% (89.5%-99.7%).

Conclusions
ECS has a high diagnostic accuracy and there were no false positives in cases diagnosed and resected
as ESCC. Optical biopsy by using ECS for esophageal lesions is considered to be su�cient in clinical
practice.

Background
Endoscopic diagnosis of early-stage gastrointestinal cancers has usually been performed by using
conventional white-light endoscopy, chromoendoscopy, and image-enhanced magni�cation endoscopy.
The accuracy of endoscopic diagnosis has been signi�cantly improved. Esophageal squamous cell
carcinoma (ESCC) is being detected more frequently in early stages. It has been reported that the
accuracy of these endoscopic procedures for diagnoses of early-stage esophageal cancer is about 90% [1
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- 3]. However, in actual clinical practice, endoscopic resection is usually performed after diagnosis of early
esophageal cancer for histology of specimens obtained by endoscopic biopsy.

Recently, endocytoscopy (ECS), in which an endoscope with high resolution and ultra-high magni�cation
is used, has been introduced, and it enables microscopic observation in vivo at the cellular level of the
gastrointestinal mucosa [4, 5]. Inoue et al. developed an ECA classi�cation for ESCC and dysplasia based
on differences between the �ndings of ECS and histopathology [4]. They reported that ECA 4 and 5
correspond to histopathological grades 4 and 5 (equivalent to a lesion showing severe atypia that is
indicated for treatment) in the Vienna classi�cation [6, 7] and ECS has the potential to be used for optical
biopsy. An endoscope for ECS with a diameter equivalent to that of an ordinary endoscope is now
commercially available and it has improved operability and is able to take more detailed images.
Kumagai et al. compared the latest ECS prototype with the older model and reported results showing its
usefulness, especially for the diagnosis of ESCC [8]. The new endoscope for ECS has not only a normal
white-light imaging (WLI) mode but also a narrow band imaging (NBI) mode, making it possible to use it
in daily clinical practice. However, there have only been retrospective studies on a comparison of ECS
with histological diagnosis to determine whether precision endoscopic observation including ECS can be
practically used for optical biopsy, and there has been no prospective study in which the diagnostic
accuracy of ECS for lesions that have not yet undergone endoscopic biopsy and histological diagnosis
were compared.

According to the 11th edition of the Japanese Classi�cation of Esophageal Cancer [9], intraepithelial
neoplasia (IN) is a low grade atypical neoplastic lesion corresponding to grade 3 histological diagnosis in
the Vienna classi�cation, and follow-up is recommended [6, 7, 10, 11]. Therefore, endoscopic diagnosis to
differentiate ESCC that requires treatment from IN is very important. Since it has been reported that the
ultra-high magnifying observation by ECS can focus from the super�cial layer to a depth of 50 µm [12 -
14], we assume that differential diagnosis between IN and ESCC by ECS is possible. If precision
endoscopic observation, including ECS, can substitute for biopsy tissue diagnosis, it will have various
bene�ts in actual clinical practice.

We conducted a multicenter prospective study of surveillance for patients in a high-risk group of ESCC
and evaluated the in vivo histological diagnostic accuracy of ECS for lesions that were suspected to be
tumors.

Methods
Study design

This multicenter, exploratory, prospective study was conducted at Hokkaido University Hospital and
Keiyukai Daini Hospital between September 1, 2019 and November 30, 2020. The ethics committee of
each hospital approved the study protocol, and all participants gave written informed consent, based on
the Helsinki Declaration (1964, 1975, amended in 1983, 2003, 2008 and 2013) of the World Medical
Association. (UMIN Clinical Trials Registry ID: UMIN000037383).
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Patients

Patients who had been undergoing endoscopic follow-up at participating institutes after endoscopic
resection for ESCC or treatment for head and neck squamous cell carcinoma (SCC) and who had multiple
and various degrees of iodine-unstained areas in the esophagus on previous endoscopic images were
regarded to be at high risk for ESCC and were eligible for this study. There patients were Grade C (more
than 10 iodine-unstained areas per endoscopic view) in the JEC classi�cation, which has been reported to
be a high-risk group for metachronous multiple esophageal cancer [15]. Patients with lesions that were
suspected to be early-stage ESCC who were referred to the participating institutions were also included in
this study. Exclusion criteria were as follows: (1) patients who had already undergone biopsy histology
and had a diagnosis of SCC, (2) patients who did not have a su�cient understanding after receiving an
explanation for participation in this study, and (3) patients who the investigator considered were
unsuitable as subjects.

Procedures

Endoscopic surveillance by ECS was performed for patients who gave consent for participation in the
study. The endoscopic examinations in this study were performed using a GIF-H290EC endoscope
(Olympus Medical Systems Corp., Tokyo, Japan). This endoscope has a single integrated type lens
re�ection, 520-fold magni�cation with a focusing depth of 50 μm [12 - 14] and �eld of view of 570 × 500
μm [16, 17] and an outer diameter of 9.7 mm, channel diameter of 2.2 mm and length of 1030 mm.

WLI and NBI were �rst performed. If there was a lesion that was suspected to be a tumor (e.g., redness in
WLI and brownish area in NBI), the presence or absence of surface irregularity or background coloration,
which are �ndings suggestive of malignancy, was determined. Then ultra-high magnifying observation
was performed after staining the nucleus and cytoplasm using 2 to 4 ml of a mixture of 10 ml of 0.05%
crystal violet and 1 ml of 1% methylene blue. We evaluated ECS based on the EC classi�cation [18]
described below (Video 1). Lesions less than 5 mm in size were excluded from the study because it has
been reported that these lesions are rarely cancerous [19, 20].

When the lesion was comprehensively diagnosed to be cancer by WLI, NBI and ultra-high magnifying
observation, endoscopic resection was performed at a later date without biopsy. If the lesion was
comprehensively diagnosed as non-cancerous, biopsy was performed. All endocytoscopic examinations
were performed by gastrointestinal endoscopists with expertise in endoscopic diagnosis of esophageal
cancer.

EC classi�cation

In 2019, Inoue et al. reported an endocytoscopy classi�cation (EC classi�cation) [18] that is a
modi�cation of the aforementioned endocytoscopic atypia classi�cation (ECA classi�cation) [4] with a
new generation of ECS. In this study, we used this classi�cation. The details of the EC classi�cation are
shown below, and endocytoscopic images are presented in Figure 1.
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EC1a is normal, showing regularly arranged large rhomboid-shaped cells.

EC1b is esophagitis, showing blunted edges and more rounded cells

EC2 is intraepithelial neoplasia, showing an increase in cellular density but still with a recognizable
cell structure.

EC3 is squamous cell carcinoma, showing complete loss of cellular structure with a signi�cant
increase in cellular density.

Histologic analysis

Endoscopic submucosal dissection (ESD) specimens were para�n-embedded, cut into longitudinal slices
of 2 mm in width, and stained with hematoxylin–eosin. Biopsy specimens were para�n-embedded, cut in
the centers, and stained with hematoxylin–eosin. The pathologist, who was blinded to the clinical
characteristics of the patients, made the diagnosis based on the 11th edition of the Japanese
Classi�cation of Esophageal Cancer [9]. 

Endpoints

The primary endpoint was the sensitivity of ECS diagnosis, de�ned as the proportion of lesions
diagnosed as SCC histologically among those with evaluable images that were comprehensively
diagnosed as carcinoma by endoscopic observation. The secondary endpoints were the percentage of
evaluable endocytoscopic images, speci�city of diagnosis by ECS, positive predictive value (PPV),
negative predictive value (NPV), and accuracy.  

Statistical analysis

In a previous study, the sensitivity of endoscopic biopsy for early-stage ESCC was reported to be 85.6%
[21]. Assuming an expected sensitivity of 95% for malignant diagnosis by ECS in this study and a
threshold sensitivity of 80%, the number of esophageal cancer cases to yield 80% power at a signi�cance
level of 5% (one-sided) was calculated to be 35 cases based on the binomial test (normal approximation).
In addition, because the annual incidence of ESCC in the high-risk group of metachronous multiple ESCC
was reported to be about 20% [15], the target number of patients was set at 200, taking into account the
occurrence of dropouts and ineligible cases. The sensitivity, speci�city, PPV, NPV, and accuracy of the
diagnosis in ECS were calculated, including 95% con�dence intervals. Statistical analyses were
performed by JMP Pro 15.0.

Results
Study population

A total of 197 patients were enrolled during the study period. Table 1 shows the characteristics of the
patients. The patients included 167 men and 30 women with a median age of 73 years (range, 55-90
years). Regarding eligibility, there were 169 patients after endoscopic treatment for esophageal cancer, 80
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patients after treatment for head and neck cancer (61 duplicated cases), and 9 patients referred for
suspected esophageal cancer (without biopsy). Of the 197 patients enrolled, 4 were excluded because of
inability to pass the endoscope due to stenosis after treatment (Figure 2). After routine endoscopic
examination, 90 patients were diagnosed with suspected tumorous lesions and underwent ultra-high
magnifying observation. There were 3 failed cases in which ultra-high magnifying observation could not
be performed because of loss of sight of the lesion after staining. 

Table 1. Characteristics of the patients who were registered in the study

Sex, male/female 167/30

Age (years), Median (range) 73 (55-90)

Background  

After endoscopic resection for ESCC

  After treatment for HNSCC

  Referral cases (without biopsy)

169†

80†

9

Abbreviations: ESCC, esophageal squamous cell carcinoma; HNSCC, head and neck squamous cell
carcinoma.

†Sixty one patients were duplicated.

Diagnostic outcome

The percentage of evaluable endocytoscopic images obtained in this study was 96.7% (95% con�dence
interval (CI), 90.8%-98.9%).

Table 2 shows the characteristics of 41 lesions in 37 patients who were comprehensively diagnosed with
cancer and underwent ESD. The mean (±SD) tumor diameter was 15.4 ± 4.9 mm. One lesion was located
in the cervical esophagus (Ce), 13 were located in the upper thoracic esophagus (Ut), 13 were located in
the middle thoracic esophagus (Mt), 14 were located in the lower thoracic esophagus (Lt), and there was
no lesion in the abdominal esophagus (Ae). In WLI, all of the lesions had redness and 17 lesions had
surface irregularities. In NBI, all of the lesions had a brownish area and 38 lesions had background
coloration. For the EC classi�cation, there was no lesion classi�ed as 1a, 1b, or 2, and all 41 lesions were
classi�ed as 3 (Figure 3). ESD was performed in all patients at a later date, and the histopathological
diagnosis of the resected specimens was SCC in all 41 lesions. The depths of tumor invasion were pT1a-
EP in 14 lesions, pT1a-LPM in 25 lesions, and pT1a-MM in 2 lesions. 

Table 2. Characteristics of the lesions that were diagnosed with cancer and underwent ESD
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  41 lesions (37 patients)

Lesions, size (mm), mean (±SD) 15.4 ± 4.9

Location, Ce/Ut/Mt/Lt/Ae 1/13/13/14/0

Endoscopic �ndings (WLI)

Redness +/-

Surface irregular +/-

Endoscopic �ndings (NBI)                

  Brownish area +/-

  Background coloration +/-

 

41/0

17/24

 

41/0

38/3

EC classi�cation

  1a/1b/2/3

 

0/0/0/41

Histopathological diagnosis  

Cancer/noncancer 41/0

Depth of invasion

  EP/LPM/MM

 

14/25/2

Abbreviations: ESD, endoscopic submucosal dissection; Ce, cervical esophagus; Ut, upper thoracic
esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic esophagus; Ae, abdominal esophagus; WLI,
white light imaging; NBI, narrow band imaging; EP, epithelium; LPM, lamina propria mucosae; MM,
muscularis mucosae.

Table 3 shows the characteristics of the 50 lesions in 50 patients comprehensively diagnosed as non-
cancerous. The mean (±SD) lesion size was 9.6 ± 3.3 mm. Eighteen lesions were located in the Ut, 21
were located in the Mt, 10 were located in the Lt, and one lesion was located in the Ae. In WLI, 32 lesions
had redness and 4 lesions had surface irregularities. In NBI, 47 lesions had a brownish area and 2 lesions
had background coloration. For the EC classi�cation, there was no lesion classi�ed as 1a and 26 lesions
were classi�ed as 1b, 23 lesions were classi�ed as 2 (Figure 4), and one lesion was classi�ed as 3. In that
case of EC3, there were no WLI or NBI �ndings strongly suggestive of malignancy, but ECS showed EC3.
Comprehensive diagnosis of the lesion was non-cancer and a biopsy was performed. Histopathologically,
only the EC3-rated lesion was diagnosed as SCC, while the other lesions were diagnosed as non-
cancerous. Subclassi�cation of noncancer was IN in 10 lesions, esophagitis in 31 lesions, and
regenerative epithelium in 8 lesions.  

Table 3. Characteristics of the lesions that were diagnosed as non-cancerous
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  50 lesions (50 patients)

Lesions, size (mm), mean 9.6 ± 3.3

Location, Ce/Ut/Mt/Lt/Ae 0/18/21/10/1

Endoscopic �ndings (white light)

Redness +/-

Surface irregular +/-

Endoscopic �ndings (NBI)

  Brownish area +/-

  Background coloration +/-

 

32/18

4/46

 

47/3

2/48

EC classi�cation

  1a/1b/2/3

 

0/26/23/1

Histopathological diagnosis  

Cancer/noncancer 1/49

Subclassi�cation of noncancer

  IN/Esophagitis/Regenerative ep

 

10/31/8

Abbreviations: Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt,
lower thoracic esophagus; Ae, abdominal esophagus; NBI, narrow band imaging; IN, intraepithelial
neoplasia; ep, epithelium.

Table 4 shows the diagnostic accuracy of ECS for each lesion. The sensitivity (95% CI) was 97.6%
(87.7%-99.7%), speci�city was 100% (92.7%-100%), diagnostic accuracy was 98.9% (94.0%-99.8%), PPV
was 100% (91.4%-100%) and NPV was 98.0% (89.5%-99.7%). 

Table 4. Accuracy of endoscopic diagnosis for esophageal lesions by using ECS (Per lesion)

Sensitivity(%)† Speci�city(%)† Accuracy(%)† PPV(%)† NPV(%)†

97.6 87.7-99.7 100(92.7-100 98.9(94.0-99.8 100(91.4-100 98.0(89.5-99.7

Abbreviations: ECS, endocytoscopy; PPV, positive predictive value; NPV, negative predictive value.

†Values are given as % (95% con�dence interval).            

 

Discussion
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Unlike early-stage colorectal cancer and colorectal adenoma, which are often observed as �ndings of
elevated lesions, early-stage upper gastrointestinal cancers such as early-stage ESCC and early-stage
gastric carcinoma are often observed as �ndings of �at or slightly depressed lesions, and the indication
for treatment is therefore generally determined after direct endoscopic biopsy and de�nitive diagnosis as
cancer. However, in early-stage ESCC, correct histological diagnosis may not be obtained because of the
fact that IN is often mixed in the lesion [22] and the biopsy tissue may be damaged. The accuracy of
biopsy diagnosis for early-stage esophageal cancer has been reported to be about 90%, the same as that
of precise endoscopic diagnosis [2]. While performing many biopsies can increase the diagnostic
accuracy, it would increase the risk of post-biopsy bleeding and �brosis of the post-biopsy scar, which
can make future endoscopic resections di�cult. They are major clinical problems. Furthermore, in recent
years, the number of patients taking antiplatelet and anticoagulant medications has been increasing, and
the need for withdrawal of these medications is also an issue.

The results of our study showed an extremely high overall accuracy of 98.9%. It is noteworthy that there
were no false positives in cases diagnosed and resected as SCC. One of the possible reasons for this
good result is that ECS has the advantage of enabling observation and diagnose of all areas of the lesion
by ultra-high magni�cation, whereas biopsy only enable diagnosis of a single point in the lesion. Ultra-
high magnifying observation is considered to be highly reliable, and if optical biopsy can be put into
practical use, it will not only solve the aforementioned problems but also contribute to a reduction in the
burden on pathologists. As for the one false negative case that was comprehensively diagnosed to be IN
but con�rmed to be SCC by biopsy histopathology, that was a case in which the pathologist could not
decide with high con�dence whether it was IN or SCC. It is considered that cases in which diagnosis by
pathology is di�cult would be also di�cult to diagnose by ECS. 

The most important weaknesses of ECS diagnosis revealed in this study was that there were three cases
in which the lesions became obvious after staining and no endocytoscopic images of them could be
obtained. These were all small lesions, less than 1 cm in diameter, that were suspected to be non-
cancerous by WLI or NBI, and they were found to be non-neoplastic by subsequent follow-up endoscopy.
On the other hand, it was not di�cult to identify suspected cancerous lesions diagnosed to be EC3 after
staining, even if they were small lesions, because the entire lesion was stained darkly, re�ecting the
enlarged and dense nuclei after staining. We consider that the most e�cient way to use ECS in clinical
practice is to stain lesions suspected to be ESCC by WLI and NBI and perform an optical biopsy with
ultra-high magnifying observation as the �nal con�rmation.

There is a limitation in this study. All of the investigators in this study were endoscopists with expertise in
endoscopic diagnosis of early-stage esophageal cancer, and it is unclear whether comparable results are
possible for general endoscopists. However, in recent years, arti�cial intelligence (AI) has been put to
practical use in various �elds of medicine, and its application is also being attempted in the �eld of
gastrointestinal endoscopic diagnosis [23 - 27]. For lower gastrointestinal endoscopic diagnosis, a device
that combines ECS with AI has been developed, and it has been shown by a multicenter retrospective
study that the differential diagnosis ability between adenomas and non-adenomas is extremely high [28].
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The device has become commercially available and multicenter prospective studies are underway. In
addition, a retrospective study in which AI was used for diagnosis of endocytoscopic images by ECS has
been conducted for early-stage ESCC, and the overall accuracy in that study was 90.9% [29]. If a
comprehensive diagnostic system for WLI, NBI, and endocytoscopic images is developed in the future, it
is expected that novice endoscopists will be able to obtain the same diagnostic ability as that in this
study.

 

Conclusions
Based on the result of this prospective study, optical biopsy by using ECS for lesions that are suspected
to be tumorous by WLI and NBI is considered to be su�cient. Precision endoscopic observation, including
ECS, would be able to substitute for biopsy tissue diagnosis in actual clinical practice.

Abbreviations
ECS: Endocytoscopy

ESCC: Esophageal squamous cell carcinoma

WLI: White-light imaging

NBI: Narrow band imaging

IN: Intraepithelial neoplasia

SCC: Squamous cell carcinoma

EC classi�cation: Endocytoscopy classi�cation

ECA classi�cation: Endocytoscopic atypia classi�cation

ESD: Endoscopic submucosal dissection

PPV: Positive predictive value

NPV: Negative predictive value

SD: Standard deviation

Ce: Cervical esophagus

Ut: Upper thoracic esophagus
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Mt: Middle thoracic esophagus

Lt: Lower thoracic esophagus

Ae: Abdominal esophagus

AI: Arti�cial intelligence

Declarations
Ethics approval and consent to participate

The present study was a multicenter, exploratory, prospective study conducted at Hokkaido University
Hospital and Keiyukai Daini Hospital. All personnel in this study conducted the study in compliance with
the "Declaration of Helsinki (revised October 2013)". The protocol was approved by the ethics review
committee at Hokkaido University Hospital (No. 018-0373, June 4, 2019) and registered in the University
Hospital Medical Information Network Clinical Trial Registry (UMIN000037383). We informed consent
was obtained from all the participants.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and analyzed during the current study will be available from the corresponding author
on reasonable request.

Competing interests

The authors have no con�ict of interest to declare.

Funding

None of the authors have any �nancial support to declare.

Acknowledgements

The authors thank all colleagues at Hokkaido University Hospital, Keiyukai Daini Hospital, Sapporo and
Sapporo Kosei General Hospital.

Author information

A�liations



Page 13/17

Department of Gastroenterology and Hepatology, Graduate School of Medicine and Faculty of Medicine,
Hokkaido University, Sapporo, Hokkaido 060-8648, Japan

Yoshihiko Shimoda, Ikko Tanaka, Masaki Inoue, Sayoko Kinowaki  Naoya Sakamoto

Division of Endoscopy, Hokkaido University Hospital, Sapporo, Hokkaido 060-8648, Japan 

Yuichi Shimizu, Masayoshi Ono  Keiko Yamamoto

Department of Gastroenterology, National Hospital Organization, Hokkaido Medical Center, Sapporo 063-
0005, Japan

Yuichi Shimizu 

Department of Gastroenterology, Keiyukai Daini Hospital, Sapporo, Hokkaido, 003-0027, Japan

Hiroaki Takahashi, Satoshi Okahara  Takakazu Miyake

Department of Surgical Pathology, Sapporo Kosei General Hospital, Sapporo, Hokkaido, 060-0033, Japan 

Shin Ichihara

Department of Gastroenterology, Hokkaido University Hospital, Sapporo, Hokkaido 060-8648, Japan 

Shoko Ono

Author contributions

Shimida Y and Shimizu Y contributed equally to this work; Shimizu Y designed the prospective study;
Shimoda Y, Shimizu Y, Takahashi H, Okahara S and Miyake T performed endocytoscopic observation;
Shimizu Y, Ono M, Yamamoto K, Ono S and Sakamoto N supervised the study; Tanaka I,Inoue M and
Kinowaki S contributed to collection and analysis of the data. Ichikawa S pathologically supervised
thestudy; Shimoda Y and Shimizu Y wrote the manuscript; All authors have read and approved the �nal
manuscript.

Corresponding author

Correspondence to Yuichi Shimizu. 

References
1. Takahashi M, Shimizu Y, Ono M , Suzuki M, Omori S, Yoshida T, et al. Endoscopic diagnosis of early

neoplasia of the esophagus with narrow band imaging: Correlations among background coloration
and iodine staining �ndings. J Gastroenterol Hepatol. 2014; 29: 762–8.



Page 14/17

2. Nagami Y, Tominaga K, Machida H , Nakatani M, Kameda N, Sugimori S, et al. Usefulness of non-
magnifying narrow-band imaging in screening of early esophageal squamous cell carcinoma: a
prospective comparative study using propensity score matching. Am J Gastroenterol. 2014; 109:
845–854. 

3. Goda K, Dobashi A, Yoshimura N , Aihara H, Kato M, Sumiyama K, et al. Dual-focus versus
conventional magni�cation endoscopy for the diagnosis of super�cial squamous neoplasms in the
pharynx and esophagus: A randomized trial. Endoscopy. 2016; 48: 321–329.

4. Inoue H, Sasajima K, Kaga M , Sugaya S, Sato Y, Wada Y, et al. Endoscopic in vivo evaluation of
tissue atypia in the esophagus using a newly designed integrated endocytoscope: a pilot trial.
Endoscopy. 2006; 38: 891–895.

5. Minami H, Inoue H, Yokoyama A, Ikeda H, Satodate H, Hamatani S, et al. Recent advancement of
observing living cells in the esophagus using CM double staining: endocytoscopic atypia
classi�cation. Dis Esophagus. 2012; 25: 235–241.

�. Gabbert HE, Shimoda T, Hainaut P, Nakamura Y, Field J.K., Inoue H. Squamous cell carcinoma of the
oesophagus. In: Hamilton SR, Aaltonen LH, eds. Pathology and Genetics of Tumours of the Digestive
System: World Health Organization Classi�cation of Tumours. Lyon: IARC Press 2000; 11–19.

7. Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS, Dawsey SM, et al. The Vienna classi�cation
of gastrointestinal epithelial neoplasia. Gut. 2000; 47: 251–255.

�. Kumagai Y, Takubo K, Kawada K , Higashi M, Ishiguro T, Sobajima J, et al. A newly developed
continuous zoom-focus endocytoscope. Endoscopy. 2017; 49: 176-80. 

9. Matsubara H, President F, Ando N et al. Japanese Classi�cation of Esophageal Cancer, 11th Edition:
Part I. Esophagus. 2017; 14: 1–36.

10. Dixon MF. Gastrointestinal epithelial neoplasia: Vienna revisited. Gut. 2002; 51: 130–131. 

11. Shimizu Y, Kato M, Asaka M, Ono Y, Katsurada T, Ono S, et al. Histologic results of EMR for
esophageal lesions diagnosed as high-grade intraepithelial squamous neoplasia by endoscopic
biopsy. Gastrointest. Endosc. 2006; 63: 16–21.

12. Mori Y, Kudo SE, Ikehara N, Wakamura K, Wada Y, Kutsukawa M, et al. Comprehensive diagnostic
ability of endocytoscopy compared with biopsy for colorectal neoplasms: a prospective randomized
noninferiority trial. Endoscopy. 2013; 45: 98-105.

13. Mori Y, Kudo S, Ogawa Y, Wakamura K, Kudo T, Misawa M, et al. Diagnosis of sessile serrated
adenomas/polyps using endocytoscopy (with videos). Digestive Endoscopy. 2016; 28: 43–48.

14. Kataoka S, Kudo SE, Misawa M, Nakamura H, Takeda K, Toyoshima N, et al. Endocytoscopy with NBI
has the potential to correctly diagnose diminutive colorectal polyps that are di�cult to diagnose
using conventional NBI. Endoscopy International Open. 2020; 08: 360–367.

15. Katada C, Yokoyama T, Yano T, Kaneko K, Oda I, Shimizu Y, et al Alcohol consumption and multiple
dysplastic lesions increase risk of squamous cell carcinoma in the esophagus, head, and neck.
Gastroenterology. 2016; 151: 860–869. 



Page 15/17

1�. Kumagai Y, Yamamoto E, Higashi M, Ishiguro T, Hatano S, Toyomasu Y, et al. Endocytoscopic
observation with methylene blue staining for duodenal neoplasms associated with familial
adenomatous polyposis. Scientifc Reports. 2020; 10: 19221.

17. Kumagai Y, Higashi M, Muramatsu S, Mochiki E, Ishida H. Endocytoscopic Observation of Non-
Ampullary Mucosal Duodenal Cancer. Case Rep Gastroenterol. 2020; 14: 156–164.

1�. Abad MRA, Shimamura Y, Fujiyoshi Y, Seewald S, Inoue H. Endocytoscopy: technology and clinical
application in upper gastrointestinal tract. Transl Gastroenterol Hepatol. 2020; 5: 28. 

19. Yokoyama A, Ohmori T, Takahashi H, Maruyama K, Okuyama K, Takahashi H, et al. Successful
screening for early esophageal cancer in alcoholics using endoscopy and mucosal iodine
staining. Cancer. 1995; 76: 928– 34.

20. Liu M, Zhou R, Guo C, Xu R, Liu A, Yang H, et al. Size of Lugol-unstained lesions as a predictor for risk
of progression in premalignant lesions of the esophagus. Gastrointest Endosc. 2020; S0016-5107:
34785-4.

21. Nagai K, Ishihara R, Ishiguro S, Ohta T, Kanzaki H, Yamashina T, et al. Endoscopic optical diagnosis
provides high diagnostic accuracy of esophageal squamous cell carcinoma. BMC Gastroenterology.
2014; 14: 141-148.

22. Shimizu Y, Yoshida T, Kato M, Hirota J, Ono S, Nakagawa M, et al. Low-grade dysplasia component in
early invasive squamous cell carcinoma of the esophagus. J Gastroenterol Hepatol. 2010; 25: 314-8.

23. El Hajjar A, Rey J-F. Arti�cial intelligence in gastrointestinal endoscopy: general overview. Chin Med J
(Engl). 2020; 133: 326–334.

24. Horie Y, Yoshio T, Aoyama K, Yoshimizu S, Horiuchi Y, Ishiyama A, et al. Diagnostic outcomes of
esophageal cancer by arti�cial intelligence using convolutional neural networks. Gastrointest
Endosc. 2019; 89: 25–32. 

25. Zhu Y, Wang Q-C, Xu M-D, Zhang Z, Cheng J, Zhong YS, et al. Application of convolutional neural
network in the diagnosis of the invasion depth of gastric cancer based on conventional
endoscopy. Gastrointest Endosc. 2019; 89: 806–815.

2�. Urban G, Tripathi P, Alkayali T, Mittal M, Jalali F, Karnes W, et al. Deep learning localizes and identi�es
polyps in real time with 96% accuracy in screening colonoscopy. Gastroenterology. 2018; 155: 1069–
1078.

27. Misawa M, Kudo SE, Mori Y, Nakamura H, Kataoka S, Maeda Y, et al. Characterization of Colorectal
Lesions Using a Computer Aided Diagnostic System for Narrow Band Imaging Endocytoscopy.
Gastroenterology. 2016; 150: 1531-1532.

2�. Mori Y, Kudo SE, Chiu PW, Singh R, Misawa M, Wakamura K, et al. Impact of an automated system
for endocytoscopic diagnosis of small colorectal lesions: an international web-based study.
Endoscopy. 2016; 48: 1110-1118.

29. Kumagai Y, Takubo K, Kawada K, Aoyama K, Endo Y, Ozawa T, et al. Diagnosis using deep-learning
arti�cial intelligence based on the endocytoscopic observation of the esophagus. Esophagus. 2019;
16: 180-187.



Page 16/17

Figures

Figure 1

See image above for �gure legend

Figure 2

See image above for �gure legend

Figure 3

See image above for �gure legend



Page 17/17

Figure 4

See image above for �gure legend

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

video.1BMC.mp4

video.1.docx

https://assets.researchsquare.com/files/rs-1100881/v1/85dc576a1a7f51c59fb4d9f5.mp4
https://assets.researchsquare.com/files/rs-1100881/v1/3c61c01f6bd5be8b4c267765.docx

