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Number of Publications in Al in

Digestive Endoscopy
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Geographic distribution of country from
which the included studies originated
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Example of artificial neural network
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Classification
Classification | |+ Localization Object detection Instance segmentation

DOG DOG CAT, DOG CAT1, DOGI,DOG2, CAT2
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Single object Multiple objects



Deep Learning

Machine Learning

Input Feature extraction Classification

Deep Learning

Feature extraction * Classification Cutput

—
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1* layer: combination of edges form motifs Mathematical

Different layers _
of convolutional— 2" layer: motifs assemble into parts — &

network
3 layer: parts form objects

e il

Layers are not designed by human engineers, they are learned from large datasets
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Machine learning life cycle

b 1. Define Question/
-~ i X ) Tl |
y FrobbemsPropect
-
6. Optimise 2. Gather and
and/or Deploy Analyse Data
h.
5. Test the 3. Develop an
Algorithm Algorithm, Model

4, Tran the
Algarithm



Pretraining

Purpose; ta learm the model
dicriminative basic features

Dataset of labelled
(non-lendascapic images

Training

Purpose: (rejdevelopment

Visual steps in the development of

Dratazet 1

Sufficient Insufficient

performance

T an Al model:

A Pretraining
A Training

Purpose: fine-tuning of the maodel

Preferably in a different dataset A Va.l I d a.tl O n

A Testing

Testing

Purpose: to evaluate performance
of the madel

Preferably in a different datazet
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Integration of Al tasks in Endoscopy

Al task Expected clinical benefit
Al to improve —_— Reduce miss rate
navigation
Reduce miss rate
CADe — Targeted biopsy

Histology prediction

of precancerous
CADx =% | conditions/lesions
l and depth of invasion
Lesion -3 | Complete resection

demarcation

'

Anatomical >
landmarks

Adequate reporting




Gastrointestinal
endoscopy

Gastroscopy Colonoscopy

igmoi
Oesophagus, stomach & sigmoidoscopy

& duodenum Colon & rectum
Diagnostic & Diagnostic &
treatment treatment
- Diagnosis - Diagnosis .
- Mucosal resection - Mucosal resection
- Ablation therapy - Ablation therapy
- Biopsy - Biopsy
- Anatomy classification - Polyp detection
- Disease classification - Polyp segmentation
- Artefact detection - Dysplasia classification
- Dysplasia & neoplasia - Inflammation scoring
recognition - 3D reconstruction

- 3D reconstruction

b.
Colonoscopy




+ Detection of eary ESCC
+ Prediction of

inwasion depth

+ Detection and delineation
of BE neoplasia
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Barrett’s esophagus and esophageal cancer
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Barrett’s esophagus and esophageal cancer
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ORIGINAL ARTICLE: Clinical Endoscopy

Diagnostic outcomes of esophageal cancer by artificial ()
intelligence using convolutional neural networks e i

Conclusions This system can facilitate early detection in practice,
leading to a better prognosisin the near future.
(Gastrointest Endosc201989:25-32.)




Endoscopy news

Computer-aided diagnosis using deep learning in the
evaluation of early oesophageal adenocarcinoma

Alanna Ebigbo,” ' Robert Mendel, Andreas Probst," Johannes Manzeneder,'
Luis Antonio de Souza Jr,>* Jodo P Papa,** Christoph Palm,** Helmut Messmann'

OPEN ACCESS

Diagnosis of EAC by CADDL reachec
sensitivity 9726 specificity 88-100% for white
light (WL)imagesandnarrowbandimages

EbigboA, Mendel R, Probst A, et al. G221968:11431145



ORIGINAL ARTICLE: Clinical Endoscopy

Artificial intelligence for detecting and delineating the b

extent of superficial esophageal squamous cell carcinoma
and precancerous lesions under narrow-band imaging

The proposed Al system could accurately detect superficial ESCC and
precanceroudesionsand delineatethe extent of lesionsunderNBI. (Gastrointest
Endosc202397.664-72)
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Real-time use of artificial intelligence for diagnosing early )]

gastric cancer by magnifying image-enhanced endoscopy: -
a multicenter diagnostic study (with videos) B® —iq
Xingi He, MD, L23 janlian W, MD, L2595 Zehua Dong, MD 129 Dexin Gong, MD, "7 Xmoda Jiang, MD MD, 57

Heng Zhang, MD,” Yaowei Ai, MD,”’ Qlaoyun Tong, MD,° Peihua Lv, MD,” Bin Lu, MD," Qi Wu, MD,”
Jingping Yuan, MD,"'" Ming Xu, MD,l **% Honggang Yu, MDl 2,3

Wuhan, Yichang, Jingmen, Xiaogan, Beijing, China

This multicenter diagnostic study showed thENDOANGELME can be well applied in the
clinical setting.

Gastrointest Endos202295:6718



Noncancerous in
the present view










Gastric Cancer 8!l (s
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ORIGINAL ARTICLE: Clinical Endoscopy

Artificial intelligence in the diagnosis of gastric precancerous b
conditions by image-enhanced endoscopy: a multicenter,
diagnostic study (with video) (K

Conclusions: CADe achieved high diagnostic accuracy in gastric precancerous condition:
which was similar tadhat of experts and superior to that of nonexperts. Thus, CADe provid
possibilities for a wide application in assistimgthe diagnosis of gastric precancerous
conditions. (Gastrointest Endos2021,94:5408.)

Chronic gastritis A s B ke




Real-time artificial intelligence for detecting focal lesions and L)
diagnosing neoplasms of the stomach by white-light endoscopy
(with videos) (@ (g

Conclusions: Our results show that ENDOANGH) has great potential for assisting

endoscopists in screeningastric lesions and suspicious neoplasms in clinical work. (Clinic
trial registration number: ChiCTR 00045963 (Gastrointest Endos202295:26980.)




Application of convolutional neural network in the diagnosis of

the invasion depth of gastric cancer based on conventional -
endoscopy

Yan Zhu, MD,"* Qiu-Cheng Wang, MCS,”'* Mei-Dong Xu, MD, PhD," Zhen Zhang, MD,' Jing Cheng, MD,’

Yun-$hi Zhong, MD, PhD,' Yi-Qun Zhang, MD, PhD),' Wei-Feng Chen, MD, PhD,' Li-Qing Yao, MD, PhD,’
Ping-Hong Zhou, MD, FASGE,' Quan-Lin Li, MD'

Shanghai, China; Irvine, California, USA

We constructeda CNN-CADsystemto determinethe invasiondepth of gastriccancerwith
high accuracyand specificity. This system distinguishedearly gastric cancerfrom deeper

submucosainvasionand minimized overestimationof invasiondepth, which could reduce
unnecessarygastrectomy (Gastrointestt ndosc201989:806-15)
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Colorectal Polyp Detection
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Artificial Intelligence-Assisted Detection (CADe)
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Colorectal polyp characterization 4rafival) 411 <l Jd) (ailad paas
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Artificial Intelligence-Assisted Characterization (CADXx)
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Real-World Validation of a Computer-Aided Diagnosis
System for Prediction of Polyp Histology in Colonoscopy:
A Prospective Multicenter Study

James Weiquan Li, MO, Clement Chum Ho Wu, MO, Jonathan Wei Jie Lee, MDA, Raymond Liang, MDY,

Gwyneth Shook Ting Soon, MDY, Lai Mun Wang, MD®, ¥uan Han Koh, MPHY, Calin Jianyi Koh, MDA,

‘Wi Da Chew, MDY, Kenneth Weicong Lin, MD#, Mann Yie Thian, MDY, Ronnie Matthew, MDY,

Guiowe Kirm, MD*3 Christopher Jen Lock Khor, MOF?, Kwong Ming Fock, MO, Tiing Leong Ang, MO and

Jimmy Bok Yan So, MO, on behalf of the Artificial Intellsgence in Gastrointestinal Endoscopy Singapone (AIGES) Stedy Group

MTROCUCTION: Computer-aided diagnosis (CADx) of polvp histalogy could support endoscopists in clinical decision-
making. However, this has not been validated in a real-world setting.

Real-World Validation of Computer-Aided Diagnosis (CADx) of
Polyp Histology in Colonoscopy

84 + 21 endoscopists examined 661 polyps in 320
patients
+ {ptical diagnosis of polyp histology was followad

% - P

e
%i ' [ immediately by automated CADx-generaled
E = I I . output for the same polyp under the same clinical
conditions
21 I « Experlenced endoscoplsts have higher overall
x| accuracy than CADx in predicting potyvp histology
iy lavel Pabiani-level Congordance in endoscopist and CADx
= R— ——— ::wumv_l predictions increases diagnostic accuracy at the
podyp and patient lavels

Li et al. Am J Gastroenterol, [2023). [dei:10, 14309/ajg,0000000000002282] AJG bt



Neoplastic: 98 %

Non—neoplastic: 2 %

*Doctor s diagnosis has priority. Please use this output as a reference.

Supplementary  Figure
1.An example of the
output of EndoBRAIN.
EndoBRAIN provides a
pathologic prediction as to
whether the endocyto-
scopic image is likely to be
a neoplasm or non-
neoplasm. The percentage
represents the likelihood
calculated by the algo-
rithm, and is not neces-
sarily correlated with
accuracy.
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Figure 3. Application of a Computer-Aided Characterization (CADx) system (CAD-EYE, Fujitilm, Japan).




Adenoma (3mm, 0-lla, ascending colon)




ORIGINAL ARTICLE: Clinical Endoscopy

Computer-aided diagnosis of early-stage colorectal cancer ™
using nonmagnified endoscopic white-light images S

(with videos) g

Daiki Nemoto, MD, PhD,"* Zhe Guo, PhD,” " * Shinichi Katsuki, MD, PhD,* Takahito Takezawa, MD, PhD,’
Ryo Maemoto, MD, PhD,(1 Keisuke Kawasaki, MD, PhD, Ken Inoue, MD, PhD,”

Takashi Akutagawa, MD, PhD,” Hirohito Tanaka, MD, PhD,"'" Koichiro Sato, MD, PhD."' )

Teppei Omori, MD, PhD,"'” Kunihiro Takanashi, MD, PhD,” Yoshikazu Hayashi, MD, PhD,’

Yuki Nakajima, MD.' Yasuyuki Miyakura, MD, PhD,(’ Takayuki Matsumoto, MD, PhD,’

Naohisa Yoshida, MD, PhD,” Motohiro Esaki, MD, PhD,” Toshio Uraoka, MD, PhD,""

Hiroyuki Kato, MD, PhD,"" Yuji Inoue, MD, PhD,"* Boyuan Peng, MS,” Ruiyao Zhang, MS,”

Takashi Hisabe, MD, PhD,'’ Tomoki Matsuda, MD, PhD,"* Hironori Yamamoto, MD, PhD,’

Noriko Tanaka, PhD, MHS,'” Alan Kawarai Lefor, MD, MPH, PhD, DrEng, FACS,'® Xin Zhu, PhD,’
Kazutomo Togashi, MD, PhD'

Mon-magnified White Light Images of
Colorectal Cancers

MNo submucosal invasion

‘ or superficial invasion
‘ Deep submucosal invasion

1-10 digital images for
each case

Diagnostic Performance: Experts = CADx > Trainees
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Potential Al Applications During

Endoscopy of IBD

Mucosal disease
Diagnosis activity assessment in
Colon and Small Bowel

Prediction of response

to therapy, disease . .
recurrence, Dysplasia detection
complications, (colitis associated,

hospitalizations sporadic, benign)
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Inflammatory bowel disease
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Artificial intelligence for endoscopy

in inflammatory bowel disease

Deep neural network (DNUC)

Hidden

Output
/

Prabahility i

\

- -._—:h:-'d:,-:_r_-' e
ey g

-

L 1 1l
S0

[UCEIS[xx])
Gieboes
(UCEIS[xxx])
Endoscopic remission: yes/no
Histologic remission: yes/no

Intest Res202220(2):165170



Journal of Crohn’s and Colitis, 2023, XX, 1-12
https://doi.org/10.1093/ecco-jcc/jjad029
Advance access publication 22 February 2023

OXFORD

Review Article

Artificial Intelligence in Inflammatory Bowel Disease
Endoscopy: Implications for Clinical Trials

Harris A. Ahmad,* James E. East,® Remo Panaccione,*> Simon Travis,® ' James B. Canavan,?
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Original Investigation | Gastroenterology and Hepatology

Performance of a Deep Learning Model vs Human Reviewers

in Grading Endoscopic Disease Severity of Patients With Ulcerative Colitis

Fyan W. Stidham, MD, M3; Wenshuo Liu, PhD; Shrinivas Bishu, MD; Michael D, Rice, MD; Peter 0. R. Higgins, MO, PHD; Ji Zhu, PhD, M5c;

Brahmajee K. Mallamathu, MD, MPH; Akbar K. Waljee, MD, M5c
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Al classification of endoscopic activity in UC

Ozawa et al

Novel computer-assisted diagnosis system for endoscopic

disease activity in patients with ulcerative colitis

Tsuyoshi Ozawa, MD, PhD, " Soichiro Ishihara, MD, PhD,""* Mitsuhiro Fujishiro, MD, PhD,’
Hiroaki Saito, MD,° Youichi Kumagai, MD, PhD,” Satoki Shichijo, MD, PhD,” Kazuharu Aoyama, PhD,’

ConclusionsThe performance of the CNbased CAD system was robus
when used to identify endoscopinflammation severity in patients with
UC, highlighting its promising role in supporting lesperienced
endoscopistsand reducing interobserver variability
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NEW METHODS: Clinical Endoscopy

Fully automated endoscopic disease activity assessment in
ulcerative colitis

Heming Yao, BS,' Kayvan Najarian, PhD,"**"’ Jonathan Gryak, PhD,"” Shrinivas Bishu, MD,’

Michael D. Rice, MD,” Akbar K. Waljee, MD, MSc,”*” H. Jeffrey Wilkins, MD,"’
Ryan W. Stidham, MD, MS "

Ann Arbor, Michigan; Plvmouth Meeting, Pennsylvania, USA
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Conclusions These early results support the
potential for artificial intelligence to provide
endoscopiaiseasegradingin UCthat approximates

the scoringof experiencedeviewers



CAD system to predict persistent histologic inflammation Maeda et al

Fully automated diagnostic system with artificial intelligence N
using endocytoscopy to identify the presence of histologic )
inflammation associated with ulcerative colitis (with video) (g

Endocyinscope

Marrow band maging

Conclusions Our CAD
system potentially allows
fully automated
identification of persistent
histologic inflammation
associatedvith UC
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INNOVATIONS

Development of an artificial intelligence tool for detecting
colorectal lesions in inflammatory bowel disease

CCCCCCC
u

Conclusions This model is the first step toward
developing other artificial Intelligencetbased
endoscopictools to enhancedysplasiadetection for
patientswith IBD (IGIE20232:91-101)
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Capsule Endoscopy 4 swslly plaiil
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ORIGINAL ARTICLE: Clinical Endoscopy

Automatic detection of erosions and ulcerations in wireless R) |
capsule endoscopy images based on a deep convolutional L4
neural network

v F

We developedand validated a new system
based on CNN to automatically detect

Saziidlivily

050 erosions and ulcerations in WCE images
- _ This may be a crucial step in the
. MICHS50 B30 0. 00470060 development of daily-use diagnostic
s e software for WCE images to help reduce

st e e e OVEISIghtsandthe burdenon physicians
. 0 e e, 7, ennlaen e (GastrointestEndosc201989:35763)







ORIGINAL ARTICLE: Clinical Endoscopy

Automatic detection and classification of protruding lesions in )
wireless capsule endoscopy images based on a deep =

convolutional neural network

Hiroaki Saito, MD,' Tomonori Aoki, MD, PhD,” Kazuharu Aoyama, MMath,” Yusuke Kato, BSc,’
Akiyoshi Tsuboi, MD,” Atsuo Yamada, MD, PhD,” Mitsuhiro Fujishiro, MD, PhD,’ Shiro Oka, MD, PhD,*
Soichiro Ishihara, MD, PhD,”” Tomoki Matsuda, MD, PhD,"' Masato Nakahori, MD, PhD,"

Shinji Tanaka, MD, PhD,* Kazuhiko Koike, MD, PhD,” Tomohiro Tada, MD, PhD "’

Tokyo, Japan

We developed and tested a new computer
aided system based on a CNN to automatically
detect various protruding lesions in WCE
images. Patientevel analyses with larger
cohorts and efforts to achieve bettetiagnostic
performance are necessary in further studies.
(Gastrointest Endos?202092:14451.)



