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Advanced esophageal cancer is known to have a poor prognosis. The early detection of esophageal neoplasms, including esophageal
dysplasia and early esophageal cancer, is highly important for the accurate treatment of the disease. However, esophageal dysplasia
and early esophageal cancer are usually subtle and can be easily missed. In addition to the early detection, proper pretreatment
evaluation of the depth of invasion of esophageal cancer is very important for curative treatment. The progression of non-invasive
diagnosis via image-enhanced endoscopy techniques has been shown to aid the early detection and estimate the depth of invasion
of early esophageal cancer and, as a result, may provide additional opportunities for curative treatment. Here, we review the
advancement of image-enhanced endoscopy-related technologies and their role in the early identification of esophageal neoplasms.
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INTRODUCTION

Esophageal cancer ranks seventh in terms of incidence and
is the sixth most common cause of cancer-related mortality
worldwide.' Esophageal squamous cell carcinoma (ESCC) is
the most common histological type of esophageal cancer,”"
and the incidence of esophageal adenocarcinoma (EAC) is in-
creasing, especially in Western countries.” Esophageal dyspla-
sia, including low-grade intraepithelial neoplasia, high-grade
intraepithelial neoplasia (HGIN), and Barrett’s esophagus (BE)
are the precursor lesions of ESCC and EAC.”

Despite the improvement in treatment modalities, the
5-year survival of esophageal cancer is between 10% and 25%
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and the mortality rate is still high due to an advanced stage at
diagnosis.*®” However, the prognosis can be improved up to
95% when it is detected and treated as an early-stage disease
that can be treated with endoscopic resection." Predicting the
depth of the invasion of early esophageal cancer is important
to determine a proper candidate lesion for endoscopic resec-
tion since the invasion depth has a reliable relationship with
the rate of lymph node metastasis." "’ The 5-year cause-specif-
ic survival and 5-year overall survival rates were reported to be
98-100% and 85-95% in endoscopic submucosal dissection
(ESD) of the depth of the epithelium (EP) or lamina propria
mucosae (LPM), respectively."

White-light endoscopy (WLE) is the standard modality for
detecting esophageal neoplastic lesions. However, the endo-
scopic features of early esophageal neoplastic lesions under
WLE are subtle and isochromatic."”'® In addition, BE-related
dysplasia or early EAC is prone to remain undetected when
using standard WLE since these lesions are flat and unre-
markable.”” A multicenter randomized controlled trial (RCT)
found that the sensitivity of WLE for superficial ESCC was less
than 60%." Image-enhanced endoscopy (IEE), including dye-
based chromoendoscopy and virtual chromoendoscopy with
or without magnifying endoscopy (ME) is a new diagnostic
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endoscopic technique that has been helpful in the detection
of tumors and predicting the depth of invasion of esophageal
cancer. This review aimed to provide an overview of the cur-
rent status and advancements of IEE-related technologies for
the early detection of esophageal neoplasms.

CONVENTIONAL CHROMOENDOSCOPY

Conventional chromoendoscopy is a technique that en-
hances the mucosal structural details by spraying dyes onto
mucosal surfaces. It assists in distinguishing the abnormal
mucosa from the normal mucosa by contrast to the mucosal
surface by permeating depressed mucosal folds or grooves (i.e.,
contrast dye) or interaction with specific intracellular materi-
als or elements (i.e., absorptive dye).

Lugol’s iodine

Lugol’s iodine is the most widely used absorptive dye for de-
tecting esophageal squamous cell dysplasia and ESCC. Mature
esophageal squamous epithelium contains abundant glycogen,
which is stained a dark brown color with iodine; however, the
dysplastic lesion exhibits either decreased or absent glycogen
content as well as demonstrates a characteristic of unstained
appearance on inspection following application of Lugol’s
iodine. The unstained area of Lugols iodine is useful to detect
esophageal squamous cell dysplasia or ESCC." Lugol’s chro-
moendoscopy (LCE) is the gold standard for the detection
of ESCC. LCE can help identify the borders of esophageal
cancer and facilitate precise biopsies. The European Society
of Gastroenterology Endoscopy guidelines recommend that it
should be used to demarcate the lateral margins of superficial
tumors and to identify synchronous esophageal lesions."” One
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prospective observational study investigated the prevalence
of esophageal cancer in patients with primary head and neck
cancer using LCE and WLE. It has been shown that the diag-
nosis of advanced and invasive esophageal cancer was equiv-
alent in both modalities; however, the LCE can detect HGIN
more precisely than WLE (100% vs. 55 %).” The sensitivity of
LCE for the diagnosis of squamous cell dysplasia and ESCC
ranges from 91% to 100%."**** It would hard to be stained
by Lugol’s Iodine after changing into HGIN and ESCC due
to lack of cells containing glycogen. Therefore, these lesions
are observed with a pinkish color after the brown color of the
iodine solution has faded.” The pink-color discoloration with-
in the Lugol-voiding area observed after 2 to 3 minutes from
the staining (i.e. pink-color sign, Fig. 1) has been significantly
correlated with HGIN and ESCC on histology (sensitivity
was 91.9% and specificity was 94.0%).” Nevertheless, LCE
increases the duration of endoscopic examination and can
cause mucosal irritation leading to adverse events, such as
allergic reaction, retrosternal pain, and esophageal erosion or

ulcers.”*”

Occasionally, subtle early neoplastic lesions could
temporarily disappear because of mucosal inflammation and
interfere with endoscopic treatment for days to weeks.”® A
recent double-blind RCT, which aimed to evaluate patient
discomfort with different iodine concentrations found that a
1% iodine solution leads to significantly lesser pain than a 2%

iodine solution (p=0.02) with non-inferior visibility.”

Acetic acid

Acetic acid (AA) is a useful dye for the early identification
of dysplastic BE lesions. AA improves the visualization of
the mucosal surface via reversible acetylation of nuclear pro-
teins. The reaction only lasts for a few minutes, and dysplastic
tissues lose the acetowhitening quicker than surrounding

Fig. 1. Pink-color sign. (A, B) The pink-color discoloration within the Lugol-voiding area was observed 2—-3 min after staining (arrow).
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intestinal-type columnar metaplasia.””*' Two large trials have
reported the effectiveness of AA in detecting neoplasms in BE
in a high-risk population.”* Additionally, one retrospective
large cohort study showed that AA-guided biopsies signifi-
cantly improved the detection rate of neoplasia (2% vs. 12.5%,
p=0.0001) and requires 15 times fewer biopsies on per-biopsy
analysis (0.025 vs. 0.0017, p=0.000).” Recent meta-analyses
showed that targeted biopsies with AA are useful for detecting
HGIN and early adenocarcinoma of BE (sensitivity of 92%
and specificity of 96%, respectively).***

Methylene blue and indigo carmine

Methylene blue selectively stains the specialized intestinal
epithelium. Three randomized cross-over trials have shown
that the diagnostic accuracy of methylene blue-assisted bi-
opsies is higher than that of stepwise four-quadrant biopsies
(‘Seattle protocol’).”* However, a meta-analysis of nine stud-
ies determined that methylene blue target biopsies were not
superior to random biopsies for the diagnosis of dysplasia.”

One of the contrast dyes, indigo carmine, seeps between
the grooves and assists in observing the contour of the mu-
cosal surface. It has been shown to be useful for the detection
of colon adenomas. However, a randomized crossover study
showed that indigo carmine did not increase the BE's dysplasia
detection rate compared to high-resolution WLE."

VIRTUAL CHROMOENDOSCOPY

Virtual chromoendoscopy is a hardware-based technique.
In contrast to conventional chromoendoscopy, it is easy to
obtain an enhanced image by turning on a button-switch and
allowing the colorimetric manipulation of target lesions and
is replacing dye-based chromoendoscopy. Virtual chromo-
endoscopy can be divided into several categories. Light filter
technologies using optical filters to adapt to specific wave-
lengths include narrow-band imaging (NBI), which is the
most investigated technique in the IEE field. Software-based
digital image processing techniques include flexible spectral
imaging color enhancement (FICE) and i-SCAN. The most
recently introduced techniques, namely, blue laser imaging
(BLI) and light color imaging (LCI) have similar principles in
generating an endoscopic image to NBI. However, BLI and
LCI use monochromatic lasers instead of xenon light with an
optical filter.

NBI, with or without magnification

a. Esophageal squamous cell dysplasia and carcinoma

NBI is the most widely studied and used virtual chromoen-
doscopy. It utilizes two kinds of light via an optical filter: blue
light (wavelength of 415+ 30 nm) and green light (wavelength

A

Fig. 2. (A) White light image endoscopy (WLE) shows flat reddish mucosal lesions; however, it is difficult to define the margin of the abnormal mucosa. (B) The tu-
mor margin is more distinct from the background mucosa under narrow-band imaging (NBI) without magnification (white dotted line). This lesion is diagnosed as high-
grade intraepithelial neoplasia after endoscopic submucosa dissection. (C) WLE shows a flat reddish mucosal lesion, and it is more delineated than (A); however, it is
difficult to define the distal margin. (D) NBI showed the distal margin more definitely than WLE (white arrows). This lesion is diagnosed as squamous cell carcinoma
after biopsy. (E) Intrapapillary capillary loop (IPCL) shows red dots under WLE with magnification. (F) IPCL shows brown dots under NBI with magnification (ME-NBI)
and the morphological features are more clearly observed under ME-NBI. The caliber of IPCL is prominently increased and the loop-like formation is reserved (IPCL

type IV).
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540+ 30 nm). The NBI system emphasizes capillary vessels by
absorbing hemoglobin in capillaries located on the mucosal
surface. Esophageal dysplasia and ESCC are brown in color
under NBI (Fig. 2). The diagnostic accuracy of non-magnify-
ing endoscopy with NBI (NM-NBI) for superficial ESCC was
significantly higher than that of WLE." A recent meta-analysis
including 12 studies with 1,911 patients reported that NBI
was suitable for esophageal evaluation to diagnose esophageal
squamous cell neoplasm. NBI has been shown to be superior
to LCE in the differentiation of neoplastic lesions from other
benign mucosal alterations (sensitivity 88% vs. 92%, p>0.05;
specificity 88% vs. 82%, p<0.001)."" A prospective compara-
tive study of NM-NBI and LCE in screening early ESCC and
HGIN found the accuracy and specificity of NM-NBI were
superior to those of LCE (77.0% vs. 68.0%, p=0.03; 95.2% vs.
64.0%, p=0.01).” NM-NBI could improve the early detection
of ESCC; however, it could also yield false-positive results be-
cause the non-specific inflammatory lesions may be identified
as “brownish area” ME can provide magnification of up to
x150. This aids the diagnosis through a detailed examina-
tion of microvascular and microsurface features and helps to
predict the depth of invasion of early esophageal neoplastic
lesions when used with NBL" ME-NBI is presumed to be use-
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ful and might reduce the false-positive rate of NM-NBI in the
diagnosis of superficial ESCC."” In a multicenter, prospective
RCT, MN-NBI detected superficial cancers more frequently
than WLE in the esophagus (97% vs. 55%, p<0.001)."” A
non-inferiority RCT that compared the diagnostic accuracy
of ME-NBI with that of LCE showed no significant difference
between the two modalities with respect to the sensitivity
and in any other diagnostic accuracy measure for superficial
ESCC detection.'® Intrapapillary capillary loop (IPCL) pat-
terns, which are well observed with ME-NBI, are useful for
the early and accurate diagnosis of esophageal cell neoplasm
and prediction of the depth of invasion of ESCC (Fig. 3). The
IPCL is an intrapapillary capillary that arises from the fourth
branch of the arborescent vessels into the epithelial papillae
and forms single loops. IPCL patterns undergo stepwise mor-
phologic changes of “dilation’, “tortuosity’, “change in caliber”
and “various shapes” with the progression of esophageal cell
neoplasm (Fig. 4).” Inoue classification and Arima classifica-
tion were proposed to classify the invasion depth of superficial
ESCC based on the change in the microvascular pattern (Figs.
5A, 5B).”* The overall accuracy of IPCL-IV and IPCL-V was
80% after analyzing the histological correlation of the IPCL
classification in 185 superficial ESCC.* Additionally, the sen-

Fig. 3. Various morphologic features of intrapapillary capillary loop (IPCL) in squamous cell neoplasms under narrow-band imaging with magnification. (A) In normal
mucosa: thin and regular patterns of IPCL can be observed. (B) The caliber and the density of IPCL is slightly increased and the length of IPCL is also elongated. This
lesion was histologically diagnosed as low-grade intraepithelial dysplasia of the esophagus. (C-1) The caliber of the IPCL is prominently increased, and the loop-like
formation is reserved. (C-2) The density is prominently increased compared to the background mucosa, and it appears as a brownish island (formation of area). This
lesion was histologically diagnosed as a high-grade intraepithelial dysplasia of the esophagus. (D) The caliber of the IPCL is increased irregularly and the arrange-
ment is irregular. This lesion was histologically diagnosed as esophageal high-grade intraepithelial dysplasia with focal squamous cell carcinoma of focally invaded
the muscularis mucosae. (E) Tortuous, irregular IPCL was observed, and the arrangement was irregular. The loop-like formation was destroyed. This lesion was histo-
logically diagnosed as esophageal squamous cell carcinoma with focal invasion of the submucosa at a depth of 200 pm. (F) Highly dilated multiple layered, irregularly
branched, and reticular vessels were observed. This indicates a massively invasive submucosal carcinoma.

467



('-e CLINICAL ENDOSCOPY

Dilation

Tortuosity

Caliber change

i
)

Non-uniformity in the appearance ﬁ E& 0

-> 2{;{ 2){;

=)

> A

Fig. 4. Intrapapillary capillary loop patterns undergo stepwise morphologic changes of “dilation”, “tortuosity”, “change in caliber” and “various shapes” with the pro-

gression of esophageal squamous cell neoplasm.

sitivity and specificity of ME-NBI to differentiate intramucosal
cancer from submucosal cancer was 78% and 95%, respec-
tively.” Although Inoue and Arima classifications have been
used widely in routine clinical practice, the existence of two
classifications has caused considerable confusion.” Recently,
the Japan Esophageal Society proposed more simplified clas-
sification guidelines for ME diagnosis of ESCC (JES classifica-
tion) based on the vascular architecture (Fig. 5C). The overall
accuracy of the JES classification for the prediction of tumor
invasion depth of type B micro-vessels was 90.5%.” One ret-
rospective study showed reliable interobserver agreement of
the JES classification (k=0.86, 95% confidence interval [CI]:
0.76-0.95). A retrospective study of 256 superficial ESCC
patients who underwent non-magnifying WLE and ME-NBI
for the assessment of the invasion depth before ESD showed
that the JES classification provided an accurate estimation of
the invasion depth in patients who had superficial ESCC with
a histopathological diagnosis of the EP/LPM invasion (positive
predictive value of 93%).”

In fact, most of these studies were conducted in a tertiary
hospital setting with expert endoscopists. Moreover, ME-NBI
is still not very popular even in Japan, and it is not currently
available in several non-expert settings. However, since early
esophageal neoplastic lesions have no prominent symptoms,
there is a greater chance of detection during screening or sur-
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veillance endoscopy in general practice with non-expert set-
tings. One prospective, non-randomized study compared the
diagnostic yield of NBI endoscopy for the screening of squa-
mous HGIN between experienced and less experienced physi-
cians. The sensitivity of NBI was significantly higher in experi-
enced physicians than in less experienced physicians (100% vs.
53%, respectively, p <0.001). The authors found that the results
from trained physicians are not reproducible in non-expert
settings. However, the sensitivities improved from 43% to
60% after receiving training for NBI diagnosis of esophageal
neoplasia at conferences and 2 to 3 months of training for NBI
observation.” Recently, a prospective multicenter RCT was
conducted to compare the diagnostic characteristics of NBI
and LCE involving expert and non-expert centers to screen
ESCC in patients with a history or current squamous cell car-
cinoma in the aerodigestive tract. A total of 334 patients were
enrolled, and the specificity was greater with NBI than with
LCE in per-patient analysis (37.5% vs. 21.2%, p=0.002). The
authors concluded that NBI was more specific than LCE in
the current gastroenterology practice for the detection of early
ESCC as previously demonstrated in expert centers.” The
education program for non-expert or less experienced endos-
copists may prove useful in improving the diagnostic accuracy
of NBI during surveillance or screening endoscopy. Recently,
NBI with a “dual-focus” mode (DF-NBI) was developed. It



Kim SH et al. Image-Enhanced Endoscopy for Esophageal Neoplasms

@ IPCL Typel Type Il Type III Type IV Type V1 Type V2 Type V3 Type VN

o . : . . : | - . .

s P ff (90 @ () &R S
" ]

Endoscopic- Endoscopic Treatment Surgery
Treatment (Type V3: surgery if SM invasion is suspected)
Pathology Normal Inflammation  Inflammation LGIN M1 M2 M3 SM2
LGIN HGIN SM1

- : Formation of area
(a)

/ e "n s,
L e¥,

4 =L
g s }“ﬁ”j # PN =y

Type 1 Type 2 Type 3 Type 4
’ ‘ ‘
2 3
sl
7 P W &

Type 4; multiple layered ~ Type 4; irregular branched Type 4; reticular Type 4; avascular area

Fig. 5. Classification systems for esophageal squamous cell neoplasm with magnifying narrow-band imaging.

(A) Inoue classification.**” Type | IPCL pattern is observed in the normal esophageal mucosa. The elongation and dilation of capillaries are observed in the Type Il
IPCL. This pattern may indicate esophagitis or reactive changes. Type Ill IPCL pattern is observed in the “borderline lesions between benign and malignant tumors.
Increased vessel caliber and elongation of the IPCL toward the epithelial surface are two important factors in Type IV IPCL pattern. This pattern is observed in a bor-
derline lesion to definite carcinoma. Type V IPCL pattern is divided into four subtypes. Type V1 pattern corresponds to carcinoma in situ (M1) with four characteristic
morphological changes: dilation, tortuosity, irregular caliber, and non-uniformity between each IPCL. Type V2 pattern corresponds to the invasion of the lamina propria
mucosae (M2) and adds to the features of Type V1 with an elongation of the vessel in the vertical plane. In Type V3, the abnormal vessel spreads in a horizontal
plane or extends toward the deeper mucosal layer while losing its loop arrangement. It corresponds to cancer invasion reaching the muscularis mucosa or even to the
submucosa. In Type VN pattern, the vessel diameter is approximately three times that of Type V3. This corresponds to a massively invasive submucosal carcinoma.
Since there is an extremely low risk of lymph node (LN) metastasis, superficial esophageal squamous cell carcinoma limited to the epithelium or the lamina propria
mucosae is absolutely indicated for endoscopic treatment. Endoscopic treatment is indicated for a tumor invading the muscularis mucosa or the submucosa to a depth
of 200 pm or less from the muscularis mucosae because the rate of LN metastasis is 10%—15%. Tumors invading the submucosa to a depth of more than 200 ym
should be treated with surgery or definitive chemoradiotherapy because the rate of LN metastasis is 30%-50%.

(B) Arima classification.”® (a) Schematic drawing of microvascular patterns of superficial esophageal lesions. Type 1. Thin, linear capillaries in the subepithelial papilla
are observed. This is similar to the normal mucosa. Type 2. Distended and dilated vessels with variations are observed. The structure of capillaries in the subepithelial
papilla is preserved and shows a relatively regular arrangement. It is usually observed in inflammatory lesions. Type 3. Irregular arrangement of destructed vessels
in the subepithelial papilla, spiral vessels with an irregular caliber, and crushed vessels are observed. It can be observed in m1 or m2 cancers. Type 4. Irregularly
multilayered, irregularly branched, and reticular vessels are observed. Multilayered type 4 vessels appear in tumors with deep m2 invasion. (b) Schematic drawing of
subtypes of type 4 vessels.
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Fig. 5. Continued. (C) JES classification for narrow-band imaging with magnifying endoscopy.” EP, epithelium; HGIN, high-grade intraepithelial neoplasia; IPCL, in-
trapapillary capillary loop; JES, Japan Esophageal Society; LGIN, low-grade intraepithelial neoplasia; LPM lamina propria mucosae; MM, muscularis mucosae; SCC,

squamous cell carinoma; SM, submucosa.

is more distributed and used than ME-NBI and may provide
easier magnification than conventional ME-NBL> A prospec-
tive controlled non-inferiority trial for superficial ESCC in the
pharynx and esophagus showed that the detection rate of DF-
NBI was not inferior to that of ME-NBL It might be thought
that DF-NBI could be used as an alternative to conventional
ME-NBI; however, additional studies are needed to support
the usefulness of DF-NBL

b. Barrett’s esophagus and associated dysplasia and
adenocarcinoma

BE is the proven precursor of EAC.” One multicenter pro-
spective study that examined 783 patients found that EAC was
diagnosed at an earlier stage during BE surveillance than in
the general population (p<0.001).” The current gold standard
for the diagnosis of BE remains histology. Targeted biopsies
from abnormalities as well as the Seattle protocol are recom-
mended for the detection of invisible HGIN or early EAC.
Dysplasia in BE can be focal and easily missed; several studies
reported that standard WLE might not reliably reveal early
neoplasia in BE and some have shown that random biopsies
under WLE might sample only 4% to 5% of BE's epithelium.”
NBI has been applied in BE for improving the targeting of
intestinal metaplasia and dysplasia. The American Society for
Gastrointestinal Endoscopy Technology Committee conclud-
ed that advanced imaging modalities could be used to guide
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biopsies and replace random biopsies to detect dysplasia of BE
for trained physicians.” A well-designed international RCT
showed that NBI targeted biopsies can have the same BE de-
tection rate of high-definition WLE (HD-WLE) examination
with the Seattle protocol while requiring fewer biopsies (3.6 vs.
7.6, p<0.0001). Additionally, NBI-targeted biopsies can detect
additional areas with dysplasia than biopsies under HD-WLE
(30% vs. 21%, p=0.01)." A meta-analysis showed that ad-
vanced imaging modalities including chromoendoscopy and
virtual chromoendoscopy significantly increased the diagnos-
tic yield by 34% detection dysplasia or cancer in patients with
BE (95% CI, 20%-56%; p <0.0001).""

Three NBI classification systems for BE have been pro-
posed.”*" They classified the lesions as normal, intestinal
metaplasia, and dysplasia by the changes in mucosal and
vascular patterns from the NBI image of BE (Table 1). A pro-
spective validation study of these three classification systems
showed that the accuracy for non-dysplastic BE identification
ranged between 57% (Kansas and Nottingham) and 63% (Am-
sterdam). The accuracy for dysplastic BE was 75%, regardless
of the classification system and assessor expertise level. The in-
terobserver agreement ranges from fair (Nottingham, k=0.34)
to moderate (Amsterdam and Kansas, k=0.47 and 0.44 re-
spectively).” The Barrett’s International NBI group (BING)
proposed a more simplified classification using DF-NBI to
discriminate neoplastic BE from non-neoplasia. The overall
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Table 1. Classification Systems for Barrett's Esophagus with Image-Enhanced Endoscopy

Modality Normal Intestinal metaplasia Dysplasia
Kansas® ME-NBI - Circular mucosal pat- - Ridged/villous mucosal - Irregular distorted mu-  Sensitivity for HGIN 96%
tern pattern cosal pattern Specificity for HGIN 94.4%
- Normal vascular pattern - Normal vascular pattern - Abnormal vascular Accuracy for HGIN 95.2%
pattern
Amsterdam® ME-NBI - Regular mucosal pattern - Regular mucosal pattern - Irregular mucosal pat-  Sensitivity for HGIN 94%
- Regular vascular pattern - Regular vascular pattern  tern Specificity for HGIN 76%
- Absence of abnormal (villous/gyrus) - Irregular vascular pat- PPV for HGIN 64%
blood vessel + Absence of abnormal tern NPV for HGIN 98%
blood vessels - Present of abnormal
blood vessels
Nottingham® ME-NBI - Type A: round/oval pits ~ + Type B: villous/ridge/ - Type D: distorted pits PPV for HGIN 81 %
with regular microvas-  linear pits with regular ~ with irregular microvas- NPV for HGIN 99%
culature microvasculature culature
- Type C: absent pits with
regular microvascula-
ture
Barrettsinter- ~ NBIwith - Mucosal pattern: cir- + Mucosal pattern: absent ~ Overall sensitivity 80%
national NBI “near cular, ridged/villous or or irregular patterns Overall specificity 88%
group (BING) focus” tubular - Vascular pattern: focally - Overall accuracy 85%
criteria®® mode - Vascular pattern: blood or diffusely distributed ~ Overall PPV 81%
vessels situated regularly vessels no following nor- Overall NPV 88%
along or between muco- mal architecture of the
sal ridges and/or those mucosa
showing normal, long,
branching patterns
Blue light imag- BLI * Mucosal pits: circular & * Mucosal pits: amor- Overall sensitivity 96%
ing for Barretts tubular type, uniform phous type, focal loss Overall specificity 94.4%
neoplasia distribution, normal distribution, increase Overall accuracy 95.2%
classification density density
(BLINC)® « Vessel: non dilated type, « Vessels: dilated & tor-

pericryptal distribution,
normal density

+ Color: no focal darkness

tuous type, non-cryptal
distribution, increased
(new vessels) density

+ Color: dark

BLI, blue laser image; HGIN, high-grade intraepithelial neoplasia; ME-NBI, magnifying endoscopy with narrow-band imaging; NBI, nar-

row-band imaging; NPV, negative predictive value; PPV, positive predictive value.

accuracy, sensitivity, and specificity of the BING criteria for
identifying BE dysplasia were 85%, 80%, and 88%, respective-
ly. The interobserver agreement was also good (k=0.68) (Table
1).** However, the BING criteria showed a lower accuracy rate
when it was adapted with different modalities (i-SCAN, mag-
nification, and/or AA).%

i-SCAN, FICE, BLI, and LCI
i-SCAN and FICE

i-SCAN and FICE are IEEs using post-processing imaging
technology. FICE enhances the mucosal surface contrast and

makes the vascular pattern prominent without spraying dye.”
The transnasal FICE allows for clear visualization of palisade
vessels and provides better contrasting images of the demar-
cation between the BE mucosa and the gastric mucosa.” A
RCT of 57 patients with BE and a history of HGIN/early EAC
or suspected HGIN/early EAC reported that the sensitivity
of FICE for targeted biopsies of HGIN/early EAC is similar
with AA chromoendoscopy (‘per lesion’ basis, 87%).” The
color difference between ESCC and the background mucosa
is higher with FICE than WLI; however, IPCL patterns are not
clearly visualized compared with NBI observation.” FICE and
ME-FICE were compared with LCE and ME-LCE, respective-
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ly, for the assessment of the diagnostic ability of early ESCC
and precancerous lesions in 257 patients; the sensitivity of
FICE and ME-FICE to detect early ESCC was better than that
of LCE and ME-LCE. However, there was no statistical sig-
nificance (92.6% vs. 88.9%, p>0.05; 96.3% vs. 92.6%, p>0.05,
respectively).”'

i-SCAN is a technology that post-processes endoscopic
imaging to provide surface, contrast, and tone enhancement.”
It has been shown to be superior to WLE in the detection of
BE.” In one RCT,; i-SCAN or AA-guided biopsies had a sig-
nificantly higher diagnostic yield for detecting BE and even
required fewer specimens as compared to biopsies with a Seat-
tle protocol (66% vs. 21% for i-SCAN target biopsy vs. random
biopsies).”

BLI and LCI

BLI uses two different lasers, 410 nm (blue violet) and 450
nm (blue) as light sources. Shorter wavelength lasers contrib-
ute to informing the mucosal microvasculature, such as NBI,
and longer wavelength lasers produce WLE by fluorescence
stimulation. There are four observation modes in the BLI

system: WLE, LCI, BLI-bright, and BLI-contrast. BLI with-
out ME produces a higher color contrast between the lesion
and the background area, and subsequently clearly shows the
boundaries of esophageal cancer (Fig. 6). Similar to NBL, IPCL
patterns are visualized in the brown area.”

a. Esophageal squamous cell dysplasia and carcinoma

A single-center prospective study showed the diagnosis rate
of BLI for early ESCC was similar to that of NBI (85.7% vs.
87.5%) and slightly lower than that of LCE (85.7% vs. 91.3%);
however, there was no significant difference (p>0.05).”” BLI-
bright, a brighter BLI, is useful for the endoscopic observation
for a distant view by showing a well-demarcated brownish
area. A retrospective analysis of 25 superficial ESCC showed
BLI-bright more efficaciously recognizing superficial ESCC
than WLE, NBI, and FICE in a distant view.”” LCI may im-
prove the endoscopic diagnosis of the invasion depth of super-
ficial ESCC. LCI can make the red areas redder because LCI
guarantees the simultaneous expansion and reduction of color
information. Thus, esophageal neoplasms can be detected
more easily using color differences. A recent study of LCI with

Fig. 6. Blue laser image (BLI) and linked color image (LCI) of esophageal squamous cell carcinoma. (A) A flat reddish lesion was observed under white-light en-
doscopy. (B) The lesion was observed to be of purple color with LCI. (C) The lesion was observed with brown color with BLI. (D) Intrapapillary capillary loops were
observed under BLI with magnification and it is similar with narrow-band image with magnification.
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observation of 52 lesions in the diagnosis of superficial ESCC
found that the color difference between the normal mucosa
and superficial ESCC was larger in the muscularis mucosae/
upper third of the submucosa or deeper group than in the EP/
LPM group (p=0.025).” A recent retrospective study of 46 su-
perficial ESCC lesions showed almost the same results as BLI-
bright; LCI improves the supertficial ESCC visibility compared
with WLE and is useful for cases with multiple Lugol-void-
ing areas; and the interobserver agreement was substantial
(37% improved with LCI, k=0.74; 39% improved BLI-bring,
k=0.60). The color difference between the lesion and back-
ground mucosa was significantly higher in LCI then in WLE
(20.8+7.9v5.9.2+6.1, p<0.05).”

b. Barrett’s esophagus and associated dysplasia and
adenocarcinoma

The extent of BE is easily observed using BLI and LCI
through a high color contrast with the gastric mucosa. An
international multicenter cohort study found that BLI has an
additional value to WLE in the visualization and delineation
of early BE neoplasia.” A study about the efficacy of LCI in the
diagnosis of BE including a long-segment BE and early EAC
using color values and color differences have shown that LCI
advances the visibility of BE and EAC and may improve the
detection rate of these lesions compared with the WLE and
BLI-bright mode.” Additionally, LCI improved the visibili-
ty of short-segment BE compared with WLE, especially for
trainees, when evaluated both subjectively and objectively.”" A
cohort study prospectively collected 30 neoplastic BE images
captured with WLE, BLI, and LCI reported that the use of BLI
and LCI has a significant additional value for the visualization
of BE’s neoplasia when used by non-expert endoscopists.” A
new classification system using BLI (BLINC) was proposed for
the optimal diagnosis of BE's neoplasia, and BLINC classifica-
tion has the potential to improve the optical diagnosis of BE's
neoplasia with a high degree of sensitivity (96%) and interob-
server agreement (k> 0.8).”

CURRENT STATUS OF ARTIFICIAL
INTELLIGENCE IN IEE FIELD FOR
IDENTIFICATION OF ESOPHAGEAL
NEOPLASIA

Artificial intelligence (AI) has shown promising data for the
identification of the neoplastic lesions of the gastrointestinal
tract. Although IEEs have provided a desirable diagnostic val-
ue, the diagnosis of esophageal cancer relies on the expertise of
the individual physician; also, there may be interobserver vari-
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ability. Moreover, processing a large dataset can take time. Al
may reduce the interobserver variability and shorten the time
required for endoscopic evaluation. The Al could be used as a
cutting-edge deep learning technique to detect early esopha-
geal cancers.

A recent study on Al with deep neural networks using NBI/
BLI/WLE images with or without magnification with training
image data showed a high sensitivity for detecting ESCC by
non-ME and high accuracy for differentiating ESCC from
non-cancerous lesions by ME. There was no significant dif-
ference in the diagnostic performance between the Al system
and the experienced endoscopists.” Another study of the Al
system showed significantly higher sensitivity (91% vs. 79%)
for detecting ESCC and higher accuracy (63% vs. 75%) for
characterizing ESCC from the non-cancerous tissue when
compared to endoscopic experts.” Moreover, another study
with AT using deep learning showed high sensitivity and speci-
ficity in the detection of pre-cancerous and early ESCC lesions,
especially for junior endoscopists.” A proof-of-concept study
using computer-aided endoscopic diagnosis using convolu-
tional neural networks (CNN), differentiated abnormal from
normal IPCL patterns with 93.7% accuracy, 89.3% sensitivity,
and 98.0% specificity for classifying abnormal IPCL patterns.
Moreover, it operated in real-time with a diagnostic prediction
time between 26.17 ms and 37.48 ms.” Furthermore, the Al
system is effective in evaluating the invasion depth of superfi-
cial ESCC in video images, and it is comparable or even better
than expert endoscopists (accuracies of 87.3% and 89.2% for
NM-NBI and ME-NBI, respectively).*

Al also helps to identify early neoplasia in BE.”~ One pilot
study that analyzed 458 test images (225 dysplasia and 233
non-dysplasia) with a CNN algorithm showed that Al was

89-91

able to detect early esophageal neoplasia in BE images with
high accuracy of 95.4%.” A recent study of the video-based
computer-assisted algorithm system for the detection of BE
neoplasia reported an accuracy of 83% (95% CI, 78%-89%),
a sensitivity of 85% (95% CI, 76%-98%), and a specificity of
83% (95% CI, 76%-90%).”

CONCLUSIONS

IEE is better and faster in diagnosing and predicting the
depth of invasion of esophageal malignant or pre-malignant
lesions than conventional WLE before invasive histological di-
agnosis. However, the results rely on the experience and exper-
tise of the endoscopist. This is one of the tasks to be overcome.
It is thought that this can be overcome through the advances
in Al technology along with the efforts of the physicians, in-
cluding education and training of IEE.
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