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ABSTRACT

Background and study aims The usefulness of endos-

copy for diagnosing histological type remains unclear. This

study aimed to examine the diagnostic accuracy of white

light endoscopy (WLE), magnified endoscopy with narrow

band imaging (NBI-ME), and NBI-ME with acetic acid en-

hancement (NBI-AA) for histological type of gastric cancer.

Patients and methods Patients with depressed-type gas-

tric cancers resected by endoscopic submucosal dissection

were prospectively enrolled, and 221 cases were analyzed.

Histological type was diagnosed by WLE, followed by NBI-

ME and NBI-AA. Histological type was classified into differ-

entiated adenocarcinoma and undifferentiated adenocar-

cinoma. Histological type was diagnosed based on lesion

color in WLE, surface patterns (pit, villi, and unclear) and

vascular irregularities in NBI-ME, and surface patterns in

NBI-AA.

Results Histological types of target areas were differenti-

ated adenocarcinoma and undifferentiated adenocarcino-

ma in 206 and 15 cases, respectively. Diagnostic accuracy

of WLE, NBI-ME, and NBI-AA for the histological type was

96.4% (213/221), 96.8% (214/221), and 95.5% (211/221),

respectively. No significant differences were observed

among modalities. Positive predictive value based on

endoscopic findings in NBI-ME was 98.0% (149/152) for

the villi pattern, 100% (19/19) for the irregular pit pattern,

100% (9/9) for the unclear surface pattern with a vascular

network, 90.3% (28/31) for the unclear surface pattern

with mild vascular irregularity, and 88.9% (8/9) for the un-

clear surface pattern with severe vascular irregularity.

Conclusions NBI-ME and NBI-AA did not show any advan-

tages over WLE for diagnostic accuracy. Villi pattern, irreg-

ular pit pattern, and vascular network may be useful for

identifying differentiated adenocarcinoma.
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Introduction
Marked advances in endoscopic treatment for early gastric can-
cer have been achieved by endoscopic submucosal dissection
(ESD) [1]. In the Japanese guidelines for ESD and endoscopic
mucosal resection for early gastric cancer [2], the Japan Gastro-
enterological Endoscopy Society reported that endoscopic re-
section is recommended for tumors with a very low potential
for lymph node metastasis and suitable for en bloc resection.
Histological type is a risk factor for lymph node metastasis [3,
4] and affects patient prognosis [5]. Indications for endoscopic
resection differ between differentiated and undifferentiated
carcinomas because the latter have a greater potential for
lymph node metastasis than the former [1, 3, 4]. Therefore, his-
tological diagnosis before treatment selection is important for
deciding a suitable treatment plan [6].

Histological diagnosis is achieved before endoscopic resec-
tion based on biopsies, but does not always reflect the main
histological type [7]; the biopsy site only reflects a small part
of the lesion. Therefore, difficulties are associated with diag-
nosing the histological type of mixed histological-type gastric
cancer based on biopsies. On the other hand, endoscopy has a
greater capacity than biopsies to diagnose histological type be-
cause it is possible to observe the whole lesion. A magnified
endoscopy and narrow band image (NBI-ME) system has re-
cently been developed and enables surface and vascular struc-
tures to be evaluated in detail. The usefulness of NBI-ME for di-
agnosing lateral extension and differentiation of neoplastic and
non-neoplastic lesions has been demonstrated [8–11]. More-
over, the usefulness of NBI-ME in histological diagnosis of gas-
tric cancer has been reported [12–14]. Nakayoshi et al. found
using NBI-ME that a fine network vascular pattern was present
in differentiated adenocarcinoma, while a corkscrew vascular
pattern was observed in undifferentiated adenocarcinoma [13].

Kadowaki et al. reported that NBI-ME with acetic acid (NBI-
AA) was useful for evaluating the surface structure of gastric
cancer [15]. Yagi et al. showed that this modality enabled clear
observation of crypts in the glandular epithelium as a result of
reversible alterations in the molecular structures of cellular pro-
teins [16]. However, a multicenter prospective study has not
yet been conducted on the diagnostic accuracy of histological
type by endoscopy. Therefore, we herein performed a multi-
center prospective study to evaluate the usefulness of NBI-ME
and NBI-AA for diagnosing histological type of gastric cancer.
In a secondary evaluation, we investigated diagnostic yields of
NBI-ME and NBI-AA based on endoscopic findings.

Patients and methods
Study design

The current study was conducted as a multicenter prospective
trial at three tertiary care academic centers and seven commu-
nity-based hospitals in Japan. The study protocol was approved
by the Institutional Review Boards at all institutions. This trial
was also registered with the UMIN Clinical Trials Registry (clini-
cal trial registration number: UMIN 000006042).

Patients

We prospectively recruited 250 consecutive patients who were
candidates for ESD of depressed-type gastric cancer between
August 2011 and July 2014. Inclusion criteria were: (1) age 20
years or older; and (2) pathologically diagnosed gastric cancer
that was eligible for ESD. The indication for ESD was based on
the Japanese guidelines for ESD and endoscopic mucosal resec-
tion for early gastric cancer [2]. Exclusion criteria were: (1) ex-
posure to chemotherapy or radiation therapy; (2) lack of toler-
ance to prolonged sedation; (3) lesions challenging to treat
with ESD, such as ulcerative findings, size and location; (4)
poor-quality endoscopic images; (5) macroscopic type pro-
truding or flat type; and (6) difficult-to-diagnose histological
findings. All eligible patients were recruited at the participating
institutions, and all provided written informed consent.

Endoscopy system and setting

The instruments used in the current study were a magnification
videoendoscopic system (GIF-H260Z, Olympus Medical Sys-
tems Co., Ltd., Tokyo, Japan) and standard optical videoendo-
scopic system (Evis Lucera Spectrum system; Olympus Medical
Systems). Structural enhancement by the endoscopic video
processor was set to A-mode level 8 for NBI-ME. The color
mode was fixed at level 1. To obtain stable endoscopic images
at maximal magnification, a tip hood (Elastic Touch M, Top
Corp., Tokyo, Japan) was mounted at the tip of the endoscope
prior to the examination.

Endoscopic diagnosis

All endoscopic diagnoses were made by expert endoscopists
who had diagnosed gastric cancer in more than 100 cases using
magnification, just before ESD. A 3-mm area at the oral edge of
the lesion was selected as the target area to diagnose histologi-
cal type. The target area was limited to the oral edge of the le-
sion to reduce selection bias. Histological type of the target
area was then diagnosed using non-magnified white light
endoscopy (WLE). Two marks were placed between the target
area to compare endoscopic and histological findings. Histolo-
gical type of the target area was subsequently diagnosed by
NBI-ME under full water immersion. In the final step, 3% acetic
acid was sprayed on the lesion through the forceps channel of
the endoscope and the histological type of the target area was
diagnosed by NBI-ME under acetic acid-enhanced conditions
(NBI-AA). The process of endoscopic diagnosis is shown in

▶Fig. 1. Histological types were classified into differentiated
adenocarcinoma and undifferentiated adenocarcinoma. Papil-
lary adenocarcinoma and tubular adenocarcinoma were treat-
ed as differentiated adenocarcinoma. Poorly differentiated
adenocarcinoma and signet-ring cell adenocarcinoma were
treated as undifferentiated adenocarcinoma. Mucinous adeno-
carcinoma was excluded in the present study.
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Diagnostic algorithm by WLE

In WLE, demarcated red or whitish lesions and undemarcated
whitish lesions were diagnosed as differentiated adenocarci-
noma and undifferentiated adenocarcinoma, respectively
(▶Fig. 2).

Diagnostic algorithm by NBI-ME

NBI-ME findings were classified according to vascular and sur-
face patterns [17]. Vascular pattern was diagnosed based on
vascular tortuousness, caliber variability, and presence or ab-
sence of vascular networks (▶Fig. 3). If vascular networks
were present, the lesion was diagnosed as differentiated ade-
nocarcinoma. If vascular networks were absent, histology was
diagnosed based on vascular irregularities. Vascular irregulari-
ties were classified based on severity into mild and severe
(▶Fig. 3). If lesions showed microvessels running simply with
homogeneous diameters, vascular irregularity was defined as
mild. If microvessels branched in a complex manner, running
tortuously, the so-called “corkscrew pattern” [13], vascular ir-
regularity was defined as severe.

Surface patterns were grouped into villi, pit, and unclear
patterns [17]. Villi pattern was defined as a round or oval struc-

ture surrounding a white zone, while the pit pattern was de-
fined as a white round structure by NBI-ME (▶Fig. 3). When
the villi pattern was identified, the lesion was diagnosed as dif-
ferentiated adenocarcinoma. When the pit pattern was identi-
fied, the histological type was classified as either differentiated
adenocarcinoma or undifferentiated adenocarcinoma based on
the surface structure. When a regularly shaped pit pattern was
recognized, the lesion was diagnosed as undifferentiated ade-
nocarcinoma because the surface was covered by a non-neo-
plastic foveolar epithelium when the tumor volume was small
[18]. The diagnostic algorithm by NBI-ME is shown in ▶Fig. 4.

Diagnostic algorithm by NBI-AA

In NBI-AA, histology was diagnosed based on surface patterns
[17]. When the surface pattern was unclear, the lesion was di-
agnosed as undifferentiated adenocarcinoma. The diagnostic
algorithm by NBI-AA is shown in ▶Fig. 5.

▶ Fig. 1 Flowchart of endoscopic and pathological diagnoses. Endoscopic diagnosis: A 3-mm area in the oral part of the lesion was selected
as the target area to diagnose histological type. Two marks (target marks) were placed between the target area. Histological type of the target
area was diagnosed by WLE, followed by NBI-ME and NBI-AA. Pathological diagnosis: The specimen was cut beside the target marks to compare
endoscopic and histological findings. An expert pathologist diagnosed histological type of the target area without information on the endo-
scopic diagnosis.
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Resection of lesions and treatment of
resected specimens
After marking and reaching a diagnosis, the lesion was resected
by ESD. Procedures for and devices used in ESD were selected
by the operators. The resected specimen was pinned on a rub-
ber plate and fixed by formalin. Photos of the specimen were
taken by stereoscopy. After fixation by formalin, the specimen
was cut beside the target marks to compare endoscopic and
histological findings.

Pathological diagnosis

The process of reaching a pathological diagnosis is shown in

▶Fig. 1. An expert pathologist (S.T.) diagnosed histological
type of the target area based on hematoxylin eosin staining
without information on the endoscopic diagnosis. In cases of
mixed histological type, the main histological type was adop-
ted.

Diagnostic accuracy

Diagnostic accuracy was defined as percentage concordance
between the histological type and endoscopic diagnosis. Diag-
nostic sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for each histological type
were defined as the rate of correct diagnoses for each histologi-
cal type, the rate of other histological types being correctly di-
agnosed, the rate of endoscopic diagnoses correctly cor-
responding to each histological type, and the rate of endo-
scopic diagnoses correctly corresponding to the other histolo-
gical types, respectively.

Subanalysis

We evaluated PPV for each endoscopic finding in NBI-ME and
NBI-AA. In NBI-ME, we assessed PPV for villi pattern, irregular
pit pattern, regular pit pattern, unclear surface pattern with a
vascular network, unclear surface pattern with mild vascular ir-
regularity, and unclear surface pattern with severe vascular ir-
regularity. In NBI-AA, we evaluated PPV for villi pattern, irregu-
lar pit pattern, regular pit pattern, and unclear surface pattern.

Sample size calculation

We performed a retrospective study to compare diagnostic ac-
curacy of NBI-ME and NBI-AA for histological type in early gas-
tric cancer [19]. Based on the results of this study, we estimated
the diagnostic accuracy of WLE, NBI-ME, and NBI-AA for the his-
tological type to be 55%, 60%, and 80%, respectively. To con-
firm the superiority of NBI-AA to WLE and NBI-ME for diagnostic
accuracy with a clinically meaningful difference of 10% in diag-
nostic accuracy, we calculated that a sample size of 226 cases
was needed with a statistical power of 80% and significance lev-
el of alpha of 5%. Therefore, 250 patients were enrolled to ac-
count for dropouts.

▶ Fig. 2 Diagnostic algorithm by white light endoscopy. Demar-
cated red or whitish lesions and undemarcated whitish lesions
were diagnosed as differentiated adenocarcinoma and undiffer-
entiated adenocarcinoma, respectively. The yellow arrow indi-
cates an undemarcated whitish lesion.

▶ Fig. 3 Vascular and surface patterns. The vascular pattern was
diagnosed based on vascular tortuousness, caliber variability, and
the presence or absence of vascular networks. If vascular net-
works were present, the lesion was diagnosed as differentiated
adenocarcinoma. If vascular networks were absent, histology was
diagnosed based on vascular irregularities. Vascular irregularities
were classified based on severity into mild and severe. If lesions
showed microvessels running simply with homogeneous diame-
ters, vascular irregularity was defined as mild. If microvessels
branched in a complex manner, running tortuously, the so-called
“corkscrew pattern,” vascular irregularity was defined as severe.
Surface patterns were grouped into villi, pit, and unclear patterns.
Villi pattern was defined as a round or oval structure surrounding
a white zone, while the pit pattern was defined as a white round
structure by NBI-ME.
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Statistical analysis

The diagnostic accuracy of each modality was statistically ana-
lyzed with an adequate sample size using the chi-squared test.
The significance level was set to P<0.05. The diagnostic accura-
cy of each modality was expressed as point estimates of the ac-
curacy rate with a 95% confidence interval (CI). All statistical
analyses were performed with EZR (Saitama Medical Center, Ji-
chi Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria). More precisely, it is a modified version of
R commander designed to add statistical functions frequently
used in biostatistics.

Results

A total of 250 cases were enrolled in the current study. Histolo-
gical findings were difficult to diagnose in 18 cases. Endoscopic
images of six cases were of poor quality because of the adher-
ence of mucus and blood clots. ESD was canceled in five cases.
These 29 cases were excluded from the current study. There-
fore, 221 cases were analyzed (▶Fig. 6). Histological types of
the target areas were differentiated adenocarcinoma and un-
differentiated adenocarcinoma in 206 and 15 cases, respective-
ly. Clinicopathologic features of these lesions are summarized
in ▶Table1.

Surface pattern

Villi Pit

Differentiated adenocarcinoma Irregular Regular

Differentiated 
adenocarcinoma

Undifferentiated 
adenocarcinoma

Differentiated 
adenocarcinoma

Undifferentiated 
adenocarcinoma

Network (+)Network (–)

severemild

Differentiated 
adenocarcinoma

Vascular 
irregularity

Unclear

Vascular pattern

▶ Fig. 4 Diagnostic algorithm by NBI-ME.

Surface pattern

Villi Pit

Differentiated adenocarcinoma Irregular Regular

Differentiated 
adenocarcinoma

Undifferentiated 
adenocarcinoma

Unclear

Undifferentiated adenocarcinoma

▶ Fig. 5 Diagnostic algorithm by NBI-AA.
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Diagnostic accuracy

Endoscopic and pathological diagnoses by and diagnostic accu-
racy of each modality were shown in ▶Table 2. Diagnostic ac-
curacy of histological type for WLE, NBI-ME, and NBI-AA was
96.4% (213/221), 96.8% (214/221), and 95.5% (211/221),
respectively. No significant differences were observed between
the modalities. (P =1 for WLE vs NBI-ME, P=0.622 for NBI-ME vs
NBI-AA, P=0.811 for NBI-AA vs WLE)

Diagnostic sensitivity, specificity, PPV, and NPV by
each modality

According to the histological type, the diagnostic sensitivity,
specificity, PPV, and NPV of each modality are shown in ▶Ta-
ble 3. Diagnostic sensitivity, specificity, PPV, and NPV (95%CI)
of WLE for differentiated adenocarcinoma were 99.0% (96.5–

99.9), 60.0% (32.3–83.7), 97.1% (93.9–98.9), and 81.8%
(48.2–97.7), respectively. Diagnostic sensitivity, specificity,
PPV, and NPV (95%CI) of NBI-ME for differentiated adenocarci-
noma were 99.5% (97.3–100), 60.0% (32.3–83.7), 97.2%

250 depressed-type gastric cancers enrolled

221 cases analyzed

Excluded: 29 cases
▪ Unsatisfied analysis: 24 cases
▪ Cancellation of ESD: 5 cases

▶ Fig. 6 Flowchart of enrollment and analysis.

▶ Table 1 Clinicopathologic features of 221 early gastric cancer le-
sions.

Differentiated

adenocarcinoma

(n=206)

Undifferentiated

adenocarcinoma

(n=15)

Macroscopic type

▪ Depressed 206 15

▪ Flat 0 0

▪ Protruding 0 0

Size, median (range), mm 12 (3 –70) 15 (6–30)

Location

▪ Upper third, % 22 (10.7) 2 (13.3)

▪ Middle third, % 68 (33.0) 8 (53.4)

▪ Lower third, % 116 (56.3) 5 (33.3)

Invasive depth

▪ Mucosa, % 182 (88.3) 11 (73.3)

▪ Submucosa, % 24 (11.7) 4 (26.7)

▶ Table 2 Endoscopic diagnosis, pathological diagnosis, and diagnostic accuracy by each modality.

Endoscopic diagnosis

WLE Differentiated adenocarcinoma Undifferentiated adenocarcinoma

Pathological diagnosis
Differentiated adenocarcinoma 204 2

Undifferentiated adenocarcinoma 6 9

Diagnostic accuracy (95% CI) 96.4% (213/221) (93.0–98.4)

NBI-ME

Endoscopic diagnosis

Differentiated adenocarcinoma Undifferentiated adenocarcinoma

Pathological diagnosis
Differentiated adenocarcinoma 205 1

Undifferentiated adenocarcinoma 6 9

Diagnostic accuracy (95% CI) 96.8% (214/221) (93.6–98.7)

NBI-AA

Endoscopic diagnosis

Differentiated adenocarcinoma Undifferentiated adenocarcinoma

Pathological diagnosis
Differentiated adenocarcinoma 202 4

Undifferentiated adenocarcinoma 6 9

Diagnostic accuracy (95% CI) 95.5% (211/221) (91.8–97.8)

WLE, white-light endoscopy; NBI-ME, magnification endoscopy with narrow-band imaging; NBI-AA, acetic acid-enhanced NBI-ME; CI, confidence interval.
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(93.9–98.9), and 90.0% (55.5–99.7), respectively. Diagnostic
sensitivity, specificity, PPV, and NPV (95%CI) of NBI-AA for dif-
ferentiated adenocarcinoma were 98.1% (95.1–99.5), 60.0%
(32.3–83.7), 97.1% (93.8–98.9), and 69.2% (38.6–90.9),
respectively. No significant differences were observed between
the modalities (sensitivity P =1 for NBI-AA vs NBI-ME; specifici-
ty P=1 for NBI-AA vs NBI-ME. P values were calculated with
Bonferroni corrections).

Subanalysis

PPV based on endoscopic findings in NBI-ME was 98.0% (149/
152) for the villi pattern, 100% (19/19) for the irregular pit pat-
tern, 100% (1/1) for the regular pit pattern, 100% (9/9) for the
unclear surface pattern with a vascular network, 90.3% (28/31)
for the unclear surface pattern with mild vascular irregularity,
and 88.9% (8/9) for the unclear surface pattern with severe vas-
cular irregularity. PPV based on endoscopic findings in NBI-AA
were 97.0% (162/167) for the villi pattern, 97.6% (40/41) for
the irregular pit pattern, 50% (1/2) for the regular pit pattern,
and 72.7% (8/11) for the unclear surface pattern (▶Table 4).

Discussion
The usefulness of NBI-ME for histologically diagnosing gastric
cancer has already been demonstrated [12–14]. However, a
multicenter prospective study has not yet been conducted on
the diagnostic accuracy of the histological type by endoscopy.
Therefore, we herein performed a multicenter prospective
study to evaluate the usefulness of NBI-ME and NBI-AA for diag-
nosing histological type of depressed-type early gastric cancer.
Most protruded- or polypoid-type early gastric cancers are his-
tologically classified as well-differentiated tubular adenocarci-
nomas. Poorly differentiated adenocarcinomas are unusual
among macroscopically protruded-type early gastric cancers
[20]. Therefore, we focused on depressed-type early gastric
cancers and excluded protruded-type early gastric cancers in
the present study.

The key feature of the current study is that we placed two
marks between the target area to strictly compare endoscopic
and histological findings. This is very challenging to achieve in
surgical cases because patients need to undergo endoscopy for
marking the day before surgery. However, this places a burden

▶ Table 3 Diagnostic sensitivity, specificity, PPV, and NPV for the differentiated type.

Modality Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

WLE 99.0% (96.5–99.9) 60.0% (32.3 –83.7) 97.1% (93.9–98.9) 81.8% (48.2 –97.7)

NBI-ME 99.5% (97.3–100) 60.0% (32.3 –83.7) 97.2% (93.9–98.9) 90.0% (55.5 –99.7)

NBI-AA 98.1%1 (95.1–99.5) 60.0%2 (32.3– 83.7) 97.1% (93.8–98.9) 69.2% (38.6 –90.9)

WLE, white-light endoscopy; NBI-ME, magnification endoscopy with narrow band imaging; NBI-AA, acetic acid-enhanced NBI-ME; CI, confidence interval.
1 P=1 for NBI-AA vs NBI-ME
2 P=1 for NBI-AA vs NBI-ME. P values were calculated with Bonferroni corrections.

▶ Table 4 PPV based on endoscopic findings.

NBI-ME

Surface pattern Vascular network Vascular irregularity Endoscopic diagnosis PPV

villi – – Differentiated adenocarcinoma 98.0% (149/152)

irregular pit – – Differentiated adenocarcinoma 100% (19/19)

regular pit – – Undifferentiated adenocarcinoma 100% (1/1)

unclear (+) – Differentiated adenocarcinoma 100% (9/9)

unclear (–) mild Differentiated adenocarcinoma 90.3% (28/31)

unclear (–) severe Undifferentiated adenocarcinoma 88.9% (8/9)

NBI-AA

Surface pattern Endoscopic diagnosis PPV

villi Differentiated adenocarcinoma 97.0% (162/167)

irregular pit Differentiated adenocarcinoma 97.6% (40/41)

regular pit Undifferentiated adenocarcinoma 50% (1/2)

unclear Undifferentiated adenocarcinoma 72.7% (8/11)

NBI-ME, magnification endoscopy with narrow band imaging; NBI-AA, acetic acid-enhanced NBI-ME.
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on patients. Therefore, surgical cases were not included in the
current study. To date, there has been no multicenter prospec-
tive study similar to the current study. Therefore, this study is
unique.

No significant difference was observed in diagnostic accura-
cy of the histological type among WLE, NBI-ME, and NBI-AA in
the current study. The most plausible reason for this was that
the diagnostic accuracy of WLE was higher (96.4%) than ex-
pected. High diagnostic accuracy was achieved because: 1)
the histological type of the target area was mainly differenti-
ated adenocarcinoma (93.2%: 206/221); and 2) sensitivity for
differentiated adenocarcinoma by WLE was very high (99.0%).

Based on the findings of a retrospective study [19], we esti-
mated that the diagnostic accuracy of WLE, NBI-ME, and NBI-
AA for the histological type was 55%, 60%, and 80%, respec-
tively. However, the diagnostic accuracy of WLE, NBI-ME, and
NBI-AA for the histological type was 96.4%, 96.8%, and 95.5%,
respectively, in the current study. These two studies suggested
that the retrospective study did not reflect the diagnostic ac-
curacies obtained in the current study.

On the other hand, specificities for differentiated adenocar-
cinoma, that is sensitivities for undifferentiated adenocarcino-
ma, by each modality were lower (WLE 60.0%, NBI-ME 60.0%,
and NBI-AA 60.0%) than those sensitivities for differentiated
adenocarcinoma. The results of the current study demonstrat-
ed that it was difficult to diagnose undifferentiated adenocarci-
noma, even by NBI-ME and NBI-AA. Therefore, we considered
biopsies to still be necessary for diagnosing histological type
and informing decision-making regarding treatment strategies
(endoscopic resection or surgery) for gastric cancer.

In the current study, there were 11 misdiagnosed cases in
NBI-ME and NBI-AA (NBI-ME and NBI-AA: 6 cases, NBI-AA: 4
cases, NBI-ME: 1 case). The main causes for these misdiagnoses
were as follows: 1) difficulties associated with endoscopic ob-
servations due to mucus and blood (5 cases); 2) misdiagnosis
of endoscopic findings (4 cases); and 3) discrepancies in histo-
logical findings between the surface and deep layers (2 cases).
Difficulties associated with endoscopic observations due to
mucus and blood were identified as the main cause. We consid-
ered even a small amount of mucus and blood to increase diffi-
culty associated with diagnosing the histological type.

When the villi pattern, irregular pit pattern, and vascular
network were observed by NBI-ME or NBI-AA, histological type
was mostly differentiated adenocarcinoma in the current study
(PPV was 97% or higher). This result suggested that the villi pat-
tern, irregular pit pattern, and vascular network may be useful
for identifying differentiated adenocarcinoma. On the other
hand, PPV was lower for the unclear surface pattern without a
vascular network. When the surface pattern was unclear, it was
difficult to diagnose histological type because histological type
of gastric cancer is diagnosed by degree of structural atypia
[21]. Yagi et al. reported that the microsurface pattern was
not visualized by NBI-ME when the intervening parts were short
or the crypts were shallow [22]. In these cases, NBI-AA enables
clear observations of the microsurface pattern and evaluations
of structural atypia. While 49 cases showed the unclear surface
pattern by NBI-ME in the current study, surface patterns be-

came detectable in 38 of 49 cases with NBI-AA. These results
suggested that NBI-AA is more useful for structural evaluations
than NBI-ME. However, NBI-AA did not improve PPV of these 49
cases (NBI-ME 91.8%: 45/49, NBI-AA 85.7%: 42/49). These re-
sults suggest that we need to evaluate not only the surface pat-
tern, but also the vascular pattern for histological diagnosis
when NBI-ME shows the unclear surface pattern.

Shibagaki et al. performed a prospective cross-sectional
study to compare diagnostic accuracy of WLE, NBI-ME, and
NBI-AA for specific histological types in gastric mucosal neo-
plasms [23]. In that study, diagnostic accuracy of NBI-AA was
significantly higher than those of the other modalities. They
suggested that NBI-AA needs to be performed when the sur-
face pattern is unclear by NBI-ME. However, the current study
did not prove this hypothesis. We intend to perform a prospec-
tive study to compare diagnostic accuracy of WLE, NBI-ME, and
NBI-AA for specific histological types in early gastric cancer
with the unclear surface pattern using NBI-ME.

In the current study, histological type was mainly differenti-
ated adenocarcinoma and the proportion of undifferentiated
adenocarcinoma cases was very small because this study only
included ESD candidates. We considered the inclusion criteria
to have resulted in a large selection bias, which was a significant
limitation of the current study. The other limitations are as fol-
lows: 1) unblinded pathological diagnosis of biopsy samples; 2)
unblinded result of diagnoses by WLE in subsequent evalua-
tions by NBI-ME and NBI-AA; and 3) endoscopists who were ex-
perts.

Conclusion
In conclusion, NBI-ME and NBI-AA did not show any advantages
over WLE for overall diagnostic accuracy in the current study.
Villi pattern, irregular pit pattern, and vascular network may
be useful for identifying differentiated adenocarcinoma.
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