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Abstract

Background and aims: The pathogenesis of gastric cancer involves premalignant changes of the gastric mucosa. An accurate estimation of
the topography and severity of these lesions represents an important step in detecting premalignant lesions, thereby classifying patients into
low or high risk of developing gastric cancer. We prospectively analyzed the diagnostic performance of narrow-band imaging with magnification
endoscopy (NBI-ME) for assessing premalignant gastric lesions during real-time examination. Patients, Materials and Methods: A total
number of 59 patients were examined by NBI-ME and target biopsies of the antrum, corporeal, and incisura angularis levels. Modified
endoscopic patterns were classified into three groups: type A [tubulo-villous mucosal pattern with regular microvessels, or the light blue crest
(LBC) sign], type B [disappearance of normal subepithelial capillary network (SECN) pattern], and type C [irregular mucosal pattern (IMP)
and/or irregular vascular pattern (IVP)]. The endoscopic diagnosis was compared to histological findings (the gold standard). The NBI-ME
results were assessed for accuracy, sensitivity, specificity, and negative and positive predictive values in detecting intestinal metaplasia,
atrophic gastritis and dysplasia. Results: Analysis of endoscopic patterns showed a good correlation with premalignant lesions (p<0.05).
Type A pattern showed 80.2% accuracy, 80.43% sensitivity and 80% specificity [area under receiver operating characteristic (AUROC) of 0.8]
in detecting intestinal metaplasia. Diagnostic performance for assessment of atrophic gastritis was not ideal (69.5% accuracy, 83.72%
sensitivity, 56.04% specificity, AUROC 0.69). Pattern C represents a reliable endoscopic marker for the diagnosis of dysplasia (91.1%
accuracy, 83.3% sensitivity, 91.81% specificity, AUROC 0.87). The extension of precancerous lesions was estimated during endoscopic
examination. Conclusions: NBI-ME represents a valuable tool in the assessment of premalignant gastric lesions, thereby categorizing
patients into low and high risks of developing gastric cancer. The applicability of the method in routine practice is promising, as it helps
shape the follow up protocol of patients with premalignant lesions of the stomach. It is worth mentioning that, this method requires

standardization, additional training, and expertise.
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=& Introduction

Gastric cancer remains a major cause of morbidity and
mortality worldwide. The development of gastric cancer
is a multistep process, consisting in inflammatory changes
of gastric mucosa, which may progress to atrophic and
metaplastic transformation, followed by dysplasia and
gastric adenocarcinoma [1].

The risk of the patient for the development of gastric
cancer is mainly related to the intragastric extent and
severity of premalignant gastric lesions [2, 3]. Current
practice requires an important number of biopsies and
costly histopathology analysis for proper assessment of
these parameters by white-light endoscopy [4]. Even so,
an accurate estimation of the lesions may be difficult
due to their multifocal and patchy distribution.

New modalities to facilitate the detection and
surveillance of premalignant gastric lesions have been
developed during recent years. Narrow-band imaging
(NBI) represents an advanced endoscopic technique that
enhances visualization of pit pattern and vascular details
of the mucosal by using narrow wavelength bands [5, 6].
Combination with magnification endoscopy (NBI-ME)
provides the opportunity to improve the detection and
characterization of lesions and a real-time estimation of
underlying histology.

A number of important studies have been performed
that were focused on the usefulness of the method for the
diagnosis of gastric intestinal metaplasia, atrophic gastritis,
dysplasia, as well as for gastric neoplasia [7, 8]. Various
vascular and mucosal patterns have been described to be
associated with premalignant gastric lesions. However,
standardization and experience are required to establish
an accurate diagnosis [9-11].

The primary aim of this study was to evaluate the
clinical usefulness of NBI-magnifying endoscopy in the
detection and characterization of premalignant gastric
lesions. A prospective evaluation of the performance of
real-time optical biopsy was carried out, by using specific
endoscopic criteria. The secondary aim was to test the
ability of the method to estimate the intragastric extension
of precancerous lesions.

= Patients, Materials and Methods
Study population

We performed endoscopic examination with NBI-ME
in a convenience sample population of 59 patients with
ages between 31 and 80 years old (mean age of 59.5+
10.26 years old) with dyspeptic symptoms. The patients
were admitted in the Clinic of Gastroenterology,
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Emergency County Hospital, Tirgu Mures, Romania,
during a one-year period, from May 2016 to May 2017.
The majority of the patients (62%) were from the urban
area. Patients in the sample population provided a written,
informed consent for all procedures. Exclusion criteria
from the study population were coagulation disorders,
anticoagulant therapy, severe pulmonary, cardiovascular,
liver and renal comorbidities, psychiatric disorders, gastric
surgery or malignancy. The study protocol was approved
by the Ethics Committee at our Institution.

Endoscopy procedure

A high-definition magnification endoscope with an
NBI system and dual-focus optical imaging (EvisExera III,
GIF-HQ190, Olympus) was used in the study. Three
endoscopists with experience in NBI technique performed
all endoscopic procedures. During the procedures, patients
were sedated with Propofol by a registered anesthesiologist.

Endoscopic and histopathological diagnosis

Endoscopic diagnosis was established by subsequent
evaluation of pit pattern of the mucosal and vascular
patterns at the antral, corporeal and incisura angularis
levels. Modified endoscopic patterns were classified into
three main distinct types according to specific mucosal
and vascular features:

= Type A: areas presenting either a tubulo-villous
mucosal pattern with regular microvessels, or the light
blue crest (LBC) sign. LBC appears as blue-whitish,
slightly raised areas under NBI-ME.

* Type B: areas with the disappearance of normal
subepithelial capillary network (SECN).

= Type C: areas showing an irregular mucosal pattern
(IMP) and/or an irregular vascular pattern (IVP), repre-
sented by mucosal architectural distortion and/or changes
in the size, shape, and distribution of microvessels NBI-
ME target examination of mucosal and vascular patterns
at the antral level (A), corporeal level (C) and incisura
angularis (IA) was successively performed. Targeted
biopsies were obtained from suspicious areas with modified
patterns. In the absence of any detectable modified pattern,
random biopsies were taken from normal mucosa at A,
C, and IA level. Biopsies from distinct anatomical regions
were separately labeled (A, C, and IA) and send to the
Department of Histopathology. Real-time endoscopic
diagnosis of presumed premalignant lesion was made
during the examinations. Endoscopic reports contained
a full description of pit pattern of mucosa and vascular
patterns and their anatomical locations. Endoscopic
diagnosis was compared with histopathology results acting
as the gold standard.

Histological analysis was performed by an experienced
gastrointestinal pathologist. Gastric bioptic specimens
were fixed in formalin, embedded in paraffin, sectioned,
and stained with Hematoxylin and Eosin (HE).

For the assessment of the inflammatory reaction of the
gastric mucosa and the presence of Helicobacter pylori
bacteria, from the biological material included in paraffin
there were performed serial sections in the microtome,
subsequently placed on poly-L-lysine covered slides and
subjected to the immunohistochemical (IHC) marking
protocol. In our study, we used the following markers: anti-
CD3 (monoclonal mouse anti-human D3, clone F7.2.38,
1:50 dilution, Dako) for the assessment of T-lymphocytes
presence, anti-CD20 (monoclonal mouse anti-human
CD20cy, clone L.26, 1:50 dilution, Dako) for highlighting
B-lymphocytes, anti-CD79a (monoclonal mouse anti-
human CD79a, clone JCB117, 1:50 dilution, Dako) for
assessing plasmocytes and the anti-H. pylori antibody
(rabbit H. pylori, clone ab140128, 1:100 dilution, Abcam).

Atrophic gastritis and intestinal metaplasia were
assessed and graded according to a visual analog scale in
the updated Sydney System [12]. Dysplasia was assessed
according to the current World Health Organization
(WHO) classification [13].

Statistical analysis

Statistical analysis was performed using the MedCalc
software ver. 12.5.0.0. Qualitative data was presented as
counts and percentages. The association between qualitative
variables was assessed using the y° (chi-square) test or
the Fisher’s exact test. A per-lesion analysis was performed
to determine the diagnosis accuracy, sensitivity (Se),
specificity (Sp), and predictive value (PV) of specific NBI
endoscopic criteria for intestinal metaplasia, atrophic
gastritis, and dysplasia. Likelihood ratios for a positive
result (+LR) and for a negative result (-LR) were estimated.
The diagnostic performance of endoscopic method was
evaluated by area under receiver operating characteristic
(AUROC) curves. For all the statistical tests, the signi-
ficance level a was set at 0.05 and the two-tailed p-value
was computed.

=& Results

A total of 59 patients were included in our study (26
men, 33 women), with mean age 59.50+10.26 years old
(range 31-80 years old). One hundred and seventy-seven
distinct areas were examined by applying magnifying
high-definition NBI and targeted biopsies.

The topography of detected endoscopic patterns is
presented in Table 1.

Table 1 — Topography of modified endoscopic patterns (per-patient assessment)

Tubulo-villous pattern/

Disappearance of SECN

Location LBC sign pattern IMP Ivp
N (%) patients N (%) patients N (%) patients N (%) patients

A 32 (54.2) 43 (72.9) 7(11.9) 4 (6.8)

IA 25 (42.4) 30 (50.8) 2(3.4) 2(3.4)

C 12 (20.3) 12 (20.3) 8 (13.6) 7(11.9)
. . Two areas 16 (27.1) 24 (40.7) - -

Extensive lesions

Three areas 7(11.9) 7(11.9) - -

A: Gastric antrum; |A: Incisura angularis; C: Gastric corpus; LBC: Light blue crest; SECN: Subepithelial capillary network; IMP: Irregular

mucosal pattern; IVP: Irregular vascular pattern; N: No. of cases.
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The majority of modified areas were identified at the
antral level (type A pattern in 32 patients, type B in 43,
IMP in seven, and IVP in four patients). Type A and
type B patterns were detected at the corporeal level in
12 patients each, while IMP and IVP in gastric corpus
were examined in eight and seven patients, respectively.
Regarding the real-time estimation of the intragastric
extension of lesions by NBI, we investigated patients in
which modified areas were detected in at least two gastric
locations (antrum, corpus and/or incisura angularis). Type
A pattern was detected in two distinct gastric locations
in 16 patients and type B pattern in 24 patients. Type A
and type B patterns localized in three distinct gastric
regions were identified in seven patients.

We analyzed the correspondence between endoscopic
patterns and histology results. We presumed that type A
pattern corresponds with intestinal metaplasia, while type C
pattern is an indicator of dysplasia. An analysis of those
areas presenting the type B pattern, with or without
concurrent type A pattern, as indicators of atrophic gastritis,
was also performed. Per-lesion analysis revealed that
from 91 lesions endoscopically suspected for intestinal
metaplasia (IM) (type A pattern), in 74 the diagnosis of
IM was confirmed. Only in 56 of 85 areas presenting
type B pattern, histology confirmed atrophic gastritis.
From 112 areas presenting type A pattern and/or the
type B pattern, atrophic gastritis was diagnosed by
histology in 72 areas. From 19 areas showing type C
pattern, dysplasia was confirmed in six areas (Table 2).

Table 2 — Correspondence between endoscopic findings

and histology results (per-lesion assessment)

Histology
Endoscopy Intestinal Atrophic .
. L Dysplasia
metaplasia gastritis
N (%) areas N (%) areas N (%) areas N (%) areas
Type A pattern: _ _
91 (51.4) 74 (41.8)
Type B pattern: _
85 (48) 56 (31.63)
Type Altype B 72 (40.67) _

pattern: 112 (63.3)
Type C pattern:
19 (10.7)

N: No. of cases.

6 (3.38)

Endoscopic features (type A, type B, and type C
patterns) were significantly associated (p<<0.0001) with
the diagnosis of premalignant gastric lesions (intestinal
metaplasia, atrophic gastritis, and dysplasia).

The topography of lesions

We performed a per-patient analysis of topography
of premalignant lesions. The anatomic distribution of
IM, atrophic gastritis (AG), and dysplasia diagnosed by
targeted NBI examination and biopsies was assessed.
The results are depicted in Table 3.

We defined as extensive premalignant gastric lesions
those areas where IM and/or AG were detected in at least
two gastric locations. NBI-ME allowed the identification
of 16 (27%) patients with extensive IM; 13 (22%) patients
had extensive AG. Dysplasia was diagnosed in one
patient at the antral level and in five (8.5%) patients at
the corporeal level.

Table 3 — Topography of premalignant gastric lesions
detected by NBI-ME and targeted biopsies (per-patient

assessment)
Atrophic Intestinal .
. lasi Dysplasia
Location gastritis metaplasia
N (%) N (%) N (%)
patients  patients patients
A 37 (62.7) 41 (69.5) 1(1.7)
1A 28 (47.5) 29 (49.2) -
C 21(35.6) 22(37.3) 5(8.5)
Extensive Twoareas 13 (22) 16 (27.1) -
lesions  Three areas 13 (22) 14 (23.7) -

NBI-ME: Narrow-band imaging with magnification endoscopy; A: Gastric
antrum; IA: Incisura angularis; C: Gastric corpus; N: No. of cases.

The assessment of intestinal metaplasia

We analyzed the diagnostic performance of NBI-ME
in the real-time estimation of IM. The results are depicted
in Table 4.

Table 4 — Diagnostic performance of NBI-ME in
detecting intestinal metaplasia

Endoscopic patterns

Diagnostic .
performance LBC sign Tubulo-villous Type A
pattern pattern
Accuracy [%] 69.4 72.3 80.2
4783 60.87 80.43
Se[%](95% Cl) (373 '585) (50.1-70.9)  (70.9-88)
92.04 8471 80
0, 0,
Sp[%](95%Cl) (853 °974) (753-91.6)  (69.9-87.9)
88 81.2 813
PPVI%] (9% Cl) (755 055) (69.9-89.6)  (71.7-88.8)
62.2 66.7 79.1
NPVI%I(95% CI) (535 707) (56.9-75.4)  (69-87.1)
6.78 3.98 402
0,
*LR (95% Cl) (54-85)  (3.3-4.8) (3.5-4.7)
0.56 0.46 0.04
| o
LR (95% Cl) 03-12)  (0.3-0.8) (0.1-0.4)
. 0.704 0.728 0.802
AUROC (35% CI) ( 631_0.77) (0.656-0.792) (0.736-0.858)
Standard error 0.02 0.03 0.03
P-value <0.0001 <0.0001 <0.0001

NBI-ME: Narrow-band imaging with magnification endoscopy; Se:
Sensitivity; Cl: Confidence interval; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value; +LR: Positive
likelihood ratio; —LR: Negative likelihood ratio; AUROC: Area under
receiver operating characteristic; LBC: Light blue crest.

LBC sign and tubulo-villous pattern were considered
predictive endoscopic features for IM (Figures 1 and 2).
From 50 areas exhibiting LBC sign at NBI-ME, IM was
confirmed in 44 (88%) areas. The accuracy, Se, Sp, PPV
and NPV of LBC sign for the detection of IM were 69.4%,
47.83%, 92.94%, 88%, and 62.2%, respectively. A total
of 69 areas with tubulo-villous patterns were analyzed.
Histology confirmed IM in 56 (81%) of these areas
(Figure 3). Tubulo-villous pattern with regular micro-
vessels showed a 72.3% accuracy, 60.87% Se and 84.71%
Sp, 81.2% PPV and 66.7% NPV in diagnosing IM.

The overall accuracy of both of these two endoscopic
criteria (type A pattern) in detecting IM was 80.2%,
with 80.43% Se, 80% Sp, 81.3% PPV, 79.1% NPV, and
positive likelihood ratio LR+ 4.02 respectively. Area
under curve (AUC) in receiver operating characteristic
(ROC) curve was 0.8 when any one of these two
endoscopic criteria was used.
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The assessment of atrophic gastritis

Table 5 presents the diagnostic performance of NBI-
ME in evaluating AG. Areas containing a loss of normal
SECN pattern (type B pattern), LBC sign and/or tubulo-
villous pattern (type A pattern) were analyzed for the
detection of AG. A total of 85 areas showing the
disappearance of normal SECN pattern (type B pattern)
were biopsied. The histological confirmation of AG was
achieved in 56 (65.8%) areas. The accuracy, Se, Sp, PPV,
NPV, and +LR of type B pattern were 66.6%, 65.12%,

70.6%, with 33.33% Se, 91.23% Sp, 67.7% PPV, 71.2%
NPV, +LR 3.8, when any one of three endoscopic criteria
was assessed.

The assessment of dysplasia

The diagnostic performance of NBI-ME in evaluating
dysplasia was investigated as depicted in Table 6.

Table 6 — Diagnostic performance of NBI-ME in
detecting dysplasia

Endoscopic patterns

Diagnostic

68.13%, 65.9%, 67.4%, and 2.04, respectively. AUROC performance IMP IVP ;gftirg
as 0.66.

v S . Accuracy (%] 926 94.9 91.1
Table. 5 - Dmgnosttc {{erformance Of NBI-ME in Se [%] (95% Cl) 83.33 83.33 83.33
detecting atrophic gastritis ° ° (35.9-99.6)  (35.9-99.6)  (35.9-99.6)
Diagnostic Endoscopic patterns Sp [%] (95% Cl) (88912;%% 3 ( 315—%28 ) (86961;%15 )

performance Type B pattern  Type A/Type B pattern '29 2 - 385 -26 3 -
0, 0, . . .

Accuracy [%] 66.6 - PPVI[%] (95%Cl)  (103-56)  (13.9-68.4)  (8.8-52)

Se [%] (95% Cl)  65.12 (54.1-75.1)  83.72 (74.2-90.8) NPV (%] (95% C) 994 99.4 994

Sp[%] (95% Cl)  68.13 (57.5-77.5)  56.04 (45.2-66.4) (961-?—;800) (961-3—;100) (961-3—11800)

PPV [%] (95% Cl)  65.9 (54.8-75.8)  64.3 (54.7—73.1) +LR (95% Cl) (8317)  (124.255)  (1.1148)

NPV [%] (95% Cl)  67.4 (56.8-76.8)  78.5 (66.4-87.8) LR (©5% O 0.18 017 018

+LR (95% ClI) 2.04 (1.7-2.5) 1.9 (1.6-2.3) ° (0.03-1.2)  (0.03-1.2)  (0.03-1.2)

_LR (95% Cl) 0.51 (0.3-0.8) 0.29 (0.2-0.5) AUROC (95% CI) & g;i%zgzs) 08 gézisca)s%s) o 8(};33—7(? o

0, | - . . . . . .

AUROC (95% CI) 0.666 (0.592-0.735) 0.699 (0.625-0.765) g 503 503 508

Standard error 0.08 0.08 P-value <0.0001 ___ <0.0001 ___ <0.0001

P-value <0.0001 <0.0001

NBI-ME: Narrow-band imaging with magnification endoscopy; Se:
Sensitivity; Cl: Confidence interval; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value; +LR: Positive
likelihood ratio; —LR: Negative likelihood ratio; AUROC: Area under
receiver operating characteristic.

When we analyzed those areas presenting either the
type A pattern (tubulo-villous mucosa/LBC sign) or the
type B pattern (loss of normal SECN), as potential markers
of AG, we obtained 69.5% diagnostic accuracy, 83.72%
Se, 56.04% Sp, 64.3% PPV, 78.5% NPV, and +LR 1.9 of
these combined endoscopic criteria in detecting gastric
atrophy. AUROC was 0.69.

A distinct analysis for the assessment of corporeal
AG was performed. We detected 31 areas showing type A
and/or type B patterns at the corporeal level (Figure 4).
Histology confirmed atrophy in 21 (67.7%) of these cases
(Figure 5). The diagnostic accuracy of corporeal AG was

s e
Figure 1 — Tubulo-villous pattern with blue-whitish,
slightly raised areas (type A pattern; intestinal meta-
plasia).

NBI-ME: Narrow-band imaging with magnification endoscopy; Se:
Sensitivity; Cl: Confidence interval; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value; +LR: Positive
likelihood ratio; —LR: Negative likelihood ratio; AUROC: Area under
receiver operating characteristic; IMP: Irregular mucosal pattern; IVP:
Irregular vascular pattern.

We detected 17 areas showing an IMP, and 13 areas
with an IVP (Figure 6). The accuracy of IMP for the
diagnosis of dysplasia was 92.6%, with 83.33% Se, 92.98%
Sp, 29.4% PPV, and 99.4% NPV. IVP showed 94.9%
accuracy, 83.33% Se, 95.32% Sp, 38.5% PPV, and 99.4%
NPV in diagnosing dysplasia.

The appearance of either IMP or IVP (type C pattern)
was detected in 19 areas. Histological confirmation of
dysplasia was obtained in six (31.5%) of these areas
(Figure 7). Type C pattern showed 91.1% diagnostic
accuracy, 83.3% Se, 91.81% Sp, 26.3% PPV, 99.4%
NPV, and +LR 10.18, respectively). AUROC was 0.87.

Figure 2 — Multiple blue-whitish, slightly raised areas
(LBC sign; extensive intestinal metaplasia). LBC: Light
blue crest.
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Figure 3 — Intestinal metaplasia with corporeal atrophic
gastritis [Hematoxylin-Eosin (HE) staining, x50].

Figure 5 — Severe corporeal atrophic gastritis (HE
staining, x50).

The THC study highlighted a positive reaction for
H. pylori in 37 (62.71%) patients (Figure 8) and negative
in 22 (37.29%) patients (Figure 9). In the patients with
positive H. pylori there were highlighted numerous cases
of intestinal metaplasia. The inflammatory reaction of
the gastric mucosa was more intense in the patients with
positive H. pylori. The distribution of T- and B-lymphocytes

S — - o
Figure 4 — Disappearance of normal SECN pattern and
areas of tubulo-villous pattern (type A/type B pattern;
extensive atrophic gastritis and intestinal metaplasia).
SECN: Subepithelial capillary network.

Lo

Figure 6 — Area presenting an irregular vascular pattern
(type C pattern; dysplasia), nearby a regular tubulo-
villous pattern (type A pattern; intestinal metaplasia).

was diffuse and completely heterogeneous in the gastric
mucosa chorion, except for the areas with lymphoid
follicles, where B-lymphocytes were numerous (Figures 10
and 11). In our study, we observed that plasmocytes were
much more numerous, in comparison to T- and B-
lymphocytes (Figure 12).

Figure 7 — Image of gastric mucosa with severe dysplasia
(HE staining, x50).

Figure 8 — Chronic gastritis with intestinal metaplasia
and positive reaction to anti-Helicobacter pylori (HP)
antibody (Immunomarking with anti-HP antibody, %<200).
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Figure 9 — Chronic atrophic gastritis with negative
reaction to anti-HP antibody (Immunomarking with anti-
HP antibody, x200).
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Figure 11 — Image of chronic gastritis with B-lymphocytes
diffusely disseminated in chorion (Immunomarking with
anti-CD20 antibody, x200).
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= Discussions

The accurate estimation of the real extension of
premalignant gastric lesions during conventional white-
light endoscopy remains a challenge in clinical practice.
A topographic mapping of gastric mucosa is recommended
for the assessment of atrophic gastritis and intestinal
metaplasia, consisting in multiple biopsy samples obtained
from the antrum, corpus, and incisura angularis. Additional
biopsies from any visible lesion are required. Even by
applying the Sidney protocol, the premalignant lesions
may be missed, due to their anatomic distribution. Also,
most endoscopists do not routinely obtain the recommended
number of biopsies. The detection of dysplasia is even
more difficult, as the subtle changes at the level of the
mucosa may be missed on white-light endoscopy.

The advent of new endoscopic modalities now allows
an accurate detection and characterization of gastric
lesions. Thus, a true optical biopsy is performed in real-
time, by examining the gastric mucosa with NBI and
magnification. The combination of NBI with magnification
endoscopy enhances microvasculature details, allowing
a more accurate differentiation between non-neoplastic
and neoplastic gastric lesions than standard white-light
endoscopy [14, 15].

P

LSy

Figure 10 — Chronic gastritis positive to H. pylori, with
numerous T-lymphocytes present in the deep chorion
(Immunomarking with anti-CD3 antibody, x100).

infiltrated with plasma cells (Immunomarking with the
anti-CD79a antibody, %200).

Our research focused on the correspondence between
endoscopy and histology, in order to prove the value of
NBI optical diagnosis and its practical applicability. After
reviewing the literature, we selected those endoscopic
criteria most helpful for differentiating between normal
gastric mucosa and premalignant lesions.

Many analyses of NBI endoscopic patterns have been
performed in an attempt to create a simplified diagnostic
algorithm, both accurate and reproducible in current
practice [16, 17]. Pimentel-Nunes ef al. developed and
validated a simplified NBI classification for differentiation
of premalignant lesions. Regular and circular mucosal
patterns with regular vascular patterns correspond with
normal mucosa [accuracy 83%; 95% confidence interval
(CI) 75-90%]. Regular, ridge or tubulo-villous mucosal
patterns with regular vessels are highly associated with IM
(accuracy 84%; 95% CI 77-91%). Absent or irregular
mucosal patterns and irregular vascular patterns represent
reliable markers for dysplasia (accuracy 95%; 95% CI
90-99%) [16].

The LBC sign was first described by Uedo et al. as
reliable endoscopic criteria for the detection of IM [17].
The authors reported excellent sensitivity (89%), specificity
(93%) and diagnostic accuracy (91%) [18]. In a recent
meta-analysis, four studies have been evaluated for the
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diagnostic performance of NBI-ME on a per-lesion basis;
the pooled sensitivity to differentiate IM was 0.69 (0.63
to 0.74) and the pooled specificity was 0.91 (0.87 to 0.94)
[19].

In our analysis, we obtained a good specificity
(92.94%) of the LBC sign for IM, but a low sensitivity
(47.83%). In practice, both the LBC sign and the tubulo-
villous pattern (classified as type A pattern in our study)
are used as endoscopic markers for IM. The overall
accuracy of type A pattern in diagnosing IM was 80.2%,
with a likelihood ratio of 4.02, a good sensitivity and
specificity (AUROC 0.8).

The presence of the LBC sign at the level of gastric
mucosa of the greater curvature of the antrum and corpus
has been described as a predictor of severity of AG [20].
Anagnostopoulos et al. identified the disappearance of the
normal honeycomb-like SECN, the presence of irregular
collecting venules, as well as areas of tubular structures
in the gastric body mucosa in patients with autoimmune
gastritis evaluated by high-resolution magnification
endoscopy [20, 21]. Villous surface pattern and irregular
narrowed coiled subepithelial capillaries detected on NBI-
ME were associated with severe atrophic changes and
IM in other reports [22]. Following this evidence, we
examined our patients exhibiting similar patterns on
NBI-ME (the loss of normal SECN pattern, the presence
of extensive areas displaying either the LBC sign or the
tubulo-villous pattern), as presumptive indicators of
AG. We found that the diagnostic performance of the
endoscopic features associated with AG is not ideal.
Diagnostic accuracy was 69.5%, sensitivity was 83.72%,
and AUROC was 0.69, when any one of these three criteria
was present (Type A/type B pattern). When we analyzed
these endoscopic features at the level of gastric body,
the diagnostic accuracy for corporeal AG was 70.6%, with
an increased specificity (91.23%), but low sensitivity
(33.33%). The disappearance of normal SECN pattern
(type B pattern) alone showed only 66.6% accuracy,
65.12% Se, and 68.13% Sp for gastric atrophy. In fact,
the loss of the normal vascular pattern by replacement
with an irregular microvascular pattern has also been
described as an endoscopic pattern in dysplastic lesions.

Differences between endoscopic and histological
diagnosis of atrophy may be explained by an inadequate
biopsy tissue sampling. Superficial biopsy samples pose
a problem in accurate assessing of AG [23]. The low
agreement between pathologists in diagnosing atrophy
leads to the development of a staging system based on
the evaluation of IM [operative link on gastric intestinal
metaplasia (OLGIM) assessment] [24—26]. According to
current evidence, the high agreement in the diagnosis of
IM warrants their utilization as a more reliable marker
for the prediction of gastric cancer risk in patients with
premalignant gastric lesions [27]. The NBI-ME assessment
of IM appears to be more accurate than AG in our study,
which uses histological confirmation as the gold standard.

Regarding the analysis of areas displaying irregular
pit pattern mucosa and/or vascular patterns, both of these
endoscopic features showed a good correlation with
dysplasia. We obtained a good diagnostic accuracy
(91.1%), sensitivity and specificity (AUROC 0.87) of
type C pattern for dysplasia. Mucosal and vascular
disturbances are common endoscopic criteria both for
dysplasia and for gastric cancer. The disappearance of

fine mucosal structure, the irregular surface pattern and
irregular vessels, are distinct endoscopic features associated
with neoplastic lesions [28-30].

Our research proved the strength of NBI-ME in the
real-time evaluation of intestinal metaplasia and dysplasia.
Optical diagnosis may help the endoscopist to establish
the topography and extent of premalignant gastric lesions
and to select high-risk patients for further surveillance.
This can minimize biopsies and reduce the burden for
histology departments. Targeted biopsies should be per-
formed only from those suspicious lesions with irregular,
distorted patterns, which correspond with neoplastic trans-
formation.

According to European guidelines, endoscopic surveil-
lance should be offered to patients with extensive, severe
IM and/or AG, and to patients with dysplasia [30]. We
identified 16 patients with extensive IM and/or extensive
AG (13 patients), and six patients with dysplasia by per-
forming a targeted endoscopic and histological assessment.

When we compare our data with previous published
reports, we conclude that training and expertise in iden-
tifying specific NBI endoscopic patterns are mandatory
to improve diagnostic skills. The results achieved by the
experts can be replicated in clinical practice with sufficient
training programs [31]. A protocol based on optical biopsy
meaning a thorough examination of the mucosa with less
biopsies, may replace in the future the standard approach
for the detection of premalignant gastric lesions.

& Conclusions

The optical biopsy method is useful in the detection
and characterization of gastric lesions. Our data suggest
that using NBI-ME would facilitate the identification
of patients at high-risk for developing gastric cancer,
with a diminished histopathologist workload. Progress
in this field is encouraging, but the benefit for patients
is dependent upon clinical availability, the level of local
expertise, and the standardization of endoscopic criteria.
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