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Abstract

Background The detection rate of narrow-band imaging (NBI) for superficial esophageal squamous cell carcinoma (SESCC),
including high-grade intraepithelial neoplasia, is significantly higher than that of white-light endoscopy. However, there
are SESCCs that are undetectable by NBI but detectable by Lugol chromoendoscopy (LCE) and the characteristics of these
SESCCs are still unknown. Thus, this study aimed to clarify the characteristics of SESCC that are undetectable using NBI.
Methods Patients with current SCC or a history of SCC in the head and neck or in the esophagus were enrolled. The inspec-
tion of the esophagus was initiated by NBI, followed by LCE. Biopsies were taken of all suspected SESCC lesions during NBI
observation and Lugol-voiding lesions (LVLs) that were irregularly shaped and >5 mm and/or pink in color during LCE obser-
vation. The characteristics of SESCC that were undetectable with NBI were statistically analysed.
Results Overall, 147 lesions in 105 cases were histologically diagnosed as SESCC. Twenty in 15 cases were NBI-undetectable
lesions, all of which were macroscopic flat type (0-IIb). The median sizes of the NBI-undetectable lesions and NBI-detectable
lesions were both 15 mm (P¼0.47). Multivariate analysis revealed independent factors for NBI-undetectable lesions such as
numerous irregularly shaped LVLs (odds ratio [OR]: 4.94, 95% confidence interval [CI]: 1.39–17.5, P<0.05) and anterior wall
position (OR: 4.99, 95% CI: 1.58–15.8, P<0.05).
Conclusions The detection of SESCCs with NBI is challenging when lesions are morphologically completely flat, in cases
with numerous irregularly shaped LVLs, and if located at the anterior wall.
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Introduction

Esophageal cancer (EC) ranks seventh in terms of incidence and
is the sixth leading cause of cancer-related death worldwide [1].
Squamous cell carcinoma (SCC) of the esophagus accounts for
>80% of the disease [2]. The prognosis of esophageal SCC (ESCC),

especially in advanced lesions, is poor, even after surgical resec-
tion, chemotherapy, and radiotherapy [3, 4]. However, the 5-year
survival rate after endoscopic submucosal dissection is 99.0% in
early-stage ECs without lymph-node metastasis [5]. Therefore,
early detection of EC is essential to improve the prognosis.
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For decades, the narrow-band imaging (NBI) system has
been used with a superficial ESCC (SESCC) diagnosis sensitiv-
ity of 82.2%–100% and a diagnostic accuracy of 86.7%–91.2%
[6, 7]. However, there are still some SESCCs that are undetect-
able using NBI, but detectable only using Lugol chromoendo-
scopy (LCE) even through careful esophageal examination by
expert endoscopists. LCE is usually performed after NBI ob-
servation for high-risk patients of SESCC, in order not to
overlook those lesions. However, the characteristics of SESCC
that are undetectable by NBI remain unknown. This study
aimed to clarify the characteristics of SESCC that are unde-
tectable through NBI. Since the sensitivity of LCE is higher
than that of NBI [8], we chose LCE for the gold standard in
this study. We retrospectively analysed the SESCC diagnosed
in high-risk patients who underwent both NBI and LCE on
the same day.

Materials and methods
Study design and population

This study served as a post-hoc analysis of the previous pro-
spective studies conducted at the Jikei University School of
Medicine (Tokyo, Japan) [6, 9]. These prospective studies
recruited high-risk patients with ESCC from January 2009 to
October 2015 to determine the effectiveness of NBI in diagnos-
ing SESCC. The present retrospective study was approved by the
institutional review board of the Jikei University School of
Medicine 30–408 (9429).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) patients with current
SCC or a history of SCC in the head and neck or the esophagus;
(ii) patients who underwent both NBI-magnifying endoscopy
(NBI-ME) and LCE on the same day for screening or surveillance
of EC; (iii) patients whose endoscopic information and previous
records of esophageal endoscopic findings were blinded owing
to the prospective trial.

The exclusion criteria were as follows: (i) patients who had a
prior history of radiotherapy for EC; (ii) patients who received
systemic chemotherapy; (iii) patients with synchronous ad-
vanced esophageal carcinoma; (iv) patients in whom endoscopy
was unable to pass through because of stenosis of the esopha-
gus; (v) patients without a pathological diagnosis owing to the
difficulties in discontinuing antithrombotic medication.

Endoscopic procedure

A conventional magnifying endoscope (GIF-H260Z; Olympus
Corporation, Tokyo, Japan) or Dual-Focus endoscope (GIF-HQ290;
Olympus Corporation, Tokyo, Japan) was used in this study. We
used a black rubber distal attachment (MB-46 [Olympus, Tokyo,
Japan] for GIF-H260Z or MAJ-1989 [Olympus, Tokyo, Japan] for
GIF-HQ290) on the tip of the endoscope to maintain the focal
distance between the tip of the scope and it facilitated precise fo-
cusing during the magnification observation to inspect the
esophagus in all eligible patients. All endoscopic examinations
were performed under conscious sedation using intravenous
flunitrazepam (0.2–0.8 mg, Rohypnol; Chugai Pharmaceutical,
Tokyo, Japan) and pethidine hydrochloride (17.5–35 mg,
Pethidine; Takeda Pharmaceutical, Osaka, Japan). Patients were
initially examined by NBI. After observation of the stomach and
duodenum, LCE was performed using 1.5% iodine solution. All
procedures were performed by expert endoscopists, who were

Japan Gastroenterological Endoscopy Society board-certified
instructors with NBI examination experience of>1,000 cases.

Biopsy protocol

Under NBI with standard mode (non-magnification mode), well-
demarcated brownish areas >5 mm in diameter or depressed/
elevated lesions were detected as suspected SESCC lesions. The
NBI-ME (including near focus mode) was performed to distin-
guish SESCC from low-grade intraepithelial neoplasia (LGIN) or
benign lesions based on the NBI magnification findings [10, 11].
During LCE, irregularly shaped Lugol-voiding lesions (LVLs) with
diameter >5 mm and/or pink in color were further detected as
suspected SESCC lesions. The shape of the LVLs was evaluated
according to the previous report [12]. A lesion with a positive
pink color sign was biopsied as the first priority and a larger size
was the next priority. Targeted biopsies were obtained from all
suspected SESCC lesions that were detected under non-
magnified NBI or LCE. The number of biopsies under LCE was
limited to up to five biopsies for each case.

Pathologic diagnosis

Histologic diagnosis was classified as no neoplasia, indefinite
for neoplasia, LGIN, high-grade intraepithelial neoplasia (HGIN),
or SCC [13, 14]. The depth of the tumor invasion was defined as
epithelium including HGIN, lamina propria mucosae (LPM),
muscularis mucosa (MM), and submucosae (SM). A submucosal
SESCC is subclassified as SM1 (invading to a depth of <200 mm
from the MM) or SM2 (extending >200 mm). The SESCC was de-
fined as HGIN and/or SCC with invasion confined to the submu-
cosa. Lesions diagnosed as no neoplasia, indefinite for
neoplasia, or LGIN were treated as non-SESCC. If the histologic
results of a lesion differed between the biopsied and resected
specimens, the worst malignant histology was used.

Definition of NBI-undetectable SESCCs

If an endoscopist identified the new lesion as LVL under LCE
and the histology of the lesion revealed HGIN/SCC, then the le-
sion was classified as NBI-undetected SESCC. Once the lesion
was detected by NBI, it was regarded as an NBI-detectable lesion
even though the diagnostic system including Inoue’s classifica-
tion [11] or dyad criteria [9] evaluated the lesion as non-SESCC.
After spraying iodine, it is impossible to look back at the NBI ob-
servation in the iodine-stained esophagus and conduct careful
observation under NBI-ME. Some NBI-undetected SESCCs could
be observed the next day under NBI-ME before endoscopic re-
section. We reviewed those images and evaluated the color
changes under white-light imaging (WLI), the presence of well-
demarcated brownish areas under NBI, and six NBI magnifica-
tion findings [9].

Outcomes

The primary endpoint was the determination of the characteris-
tics of SESCC that were undetected using NBI. We analysed the
relationship between NBI-detectable and NBI-undetectable
groups (i.e. detected only by LCE) for the following variables:
macroscopic type, tumor size, lesion location (cervical esopha-
gus [Ce], upper thoracic esophagus [Ut], middle thoracic esopha-
gus [Mt], lower thoracic esophagus <, and abdominal esophagus
[Ae]), position, grades of LVL pattern, the existence of synchro-
nous SESCCs, and tumor depth. The lesion location was deter-
mined by the center of the lesion. The LVL pattern was
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classified according to Muto’s classification as follows: A, ab-
sence of LVLs; B, several (�10) small LVLs; C, many (>10) small
LVLs; and D, numerous irregularly shaped multiform LVLs [15].
A synchronous lesion was defined as histological SESCCs
detected in more than two lesions during the observation. A le-
sion located from 9 o’clock via 12 o’clock to 3 o’clock when the
spine was located at a 6 o’clock position was defined as an ante-
rior lesion. The other lesions were classified as non-anterior
lesions.

Statistical analysis

The student t-test or Mann–Whitney U test was used to com-
pare continuous variables and Fisher’s exact test or a chi-
square test was used to compare the proportions of categorical
variables. Risk factors for NBI-undetectable SESCCs were
analysed using a logistic-regression model. Factors that
may influence non-NBI detection were analysed by univariate
logistic-regression analysis, and factors with a p-value of
<0.05 were analysed by multiple logistic regression under the

forced-entry method. A p-value of <0.05 was considered statis-
tically significant. All analyses were performed using the sta-
tistical program R.

Results

Of the 316 patients who met the criteria, a total of 105 consecu-
tive patients with 147 lesions were histologically diagnosed
with SESCCs (Table 1). The median age of the patients
was 69 years and males were predominant (96.2%). Overall, 227
biopsies were obtained from 105 patients and 64.8% (147/227)
were histologically HGIN or SCC. Under NBI, 160 lesions were
detected, of which 127 were diagnosed as SESCC. After spraying
iodine, 67 LVLs were newly identified as suspected SESCC
lesions, of which 20 were histologically SESCCs (Figure 2). In a
per-patient analysis, an average of 2 (range, 1–4) biopsies were
added during LCE, and SESCCs were newly diagnosed in 15 of 56
patients. The number of biopsies was significantly higher in
patients with NBI-undetectable lesions than in patients with
only NBI-detectable lesions (3 vs 2, P< 0.05).

Of the 147 SESCCs, the treatment was as follows: endoscopic
resection (n¼ 86), surgical resection (n¼ 24), chemotherapy and/
or radiotherapy (n¼ 12), ablation with argon plasma coagulation
(n¼ 3), biopsy removal (n¼ 8), and others (n¼ 14) were observed
without treatment. Of the 147 SESCC cases, 116 were intramu-
cosal carcinomas (including HGIN), 14 were submucosal carci-
nomas, and 17 were unknown.

The characteristics of NBI-undetectable lesions are summa-
rized in Table 2. Twenty SESCCs in 15 patients were NBI-
undetectable lesions. The median sizes of the NBI-undetectable
and NBI-detectable lesions were both 15 mm (P¼ 0.47). The mac-
roscopic type in all NBI-undetectable lesions was completely
flat (0-IIb). Seven lesions were histologically HGIN and 13
lesions were SCCs (T1a-LPM, n¼ 7; T1a-MM, n¼ 2; T1b-SM, n¼ 0;
invasion depth unknown, n¼ 4) in NBI-undetectable lesions.
Univariate analysis revealed that the use of H260Z endoscope
(22.9% vs 5.2%), numerous irregularly shaped LVLs (22.5% vs
5.3%), synchronous SESCC (21.1% vs 6.6%), and lesions located
at the anterior wall (23.0% vs 7.0%) were significantly associated
with an increased rate of NBI-undetectable lesions (all P< 0.05).
There were no significant differences in age, sex, lesion loca-
tion, median tumor size, or histological diagnosis between the
two groups. Multivariate analysis revealed numerous irregularly
shaped LVLs (odds ratio [OR], 4.94; 95% confidence interval [CI],
1.39–17.5; P< 0.05) and position at the anterior wall (OR, 4.99;

Table 1. Demographics of patients and features of lesions

Characteristic Value

Patients n¼ 105
Age, years, median (range) 69 (50–88)
Men, n (%) 101 (96.2)

Lesions n¼ 147
Pathology, n (%)

Squamous cell carcinoma 108 (73.5)
HGIN 39 (26.5)

Diameter, mm, median (range) 15 (2–110)
Macroscopic tumor type, n (%)

0-I 7 (4.8)
0-IIa 10 (6.8)
0-IIb 97 (66.0)
0-IIc 31 (21.1)
0-III 2 (1.4)

Depth of tumor invasion, n (%)
T1a þ HGIN 116 (78.9)
T1b 14 (9.5)
Unknowna 17 (11.6)

HGIN, high-grade intraepithelial neoplasia.

aLesions were not resected (e.g. treated by chemoradiotherapy).

Figure 1. A representative case of NBI-undetectable superficial esophageal squamous cell carcinoma. (A) The lesion was not detected under WLE in the esophagus. ESD

scar (white arrow) is noticed at the 10 o’clock position. (B) On non-magnifying NBI endoscopy, the brownish area was not clearly identified. (C) The LVL appeared on

the anterior wall by LCE with multiple irregularly shaped LVLs in the background mucosa. NBI, narrow-band imaging; WLE, white-light endoscopy; ESD, endoscopic

submucosal dissection; LCE, Lugol chromoendoscopy; LVL, Lugol-voiding lesion.
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95% CI, 1.58–15.8; P< 0.05) as independent factors for NBI-
undetectable lesions (Table 3).

Twelve of 20 NBI-undetectable lesions could be observed with
NBI magnification before endoscopic resection (Supplementary
Figures). The result of the characteristics of NBI magnified find-
ings are shown in Table 4. Most of the lesions did not show
changes in color under WLI (83.3%, 10/12) and did not show a
well-demarcated brownish area under NBI (83.3%, 10/12). In

addition, under NBI-ME, those lesions had slight change of intra-
papillary capillary loop (IPCL) (i.e. proliferation or dilatation) and
did not meet Inoue’s criteria [11].

Discussion

This was the first report to clarify the characteristics of SESCCs
that are undetectable using NBI. NBI-undetectable SESCCs were
all macroscopically completely flat type and the statistical
analysis revealed that numerous irregularly shaped LVLs and
lesions located at the anterior wall are independent risk factors
for undetectable SESCCs by NBI even though high-definition
magnifying endoscopy was used by expert endoscopists.

The NBI is an innovative image enhancement technology
that significantly increased the detection rate of SESCC com-
pared to WLI [16]. Image-enhanced endoscopy such as NBI can
enhance the slight reddish color change and allows easier visu-
alization of images with higher contrast than conventional WLI
[17]. In WLI, completely flat type (0-IIb) lesions are the most
challenging to detect for SESCC because the difference in red-
ness is the only key feature. The completely flat type is more
common in ESCC compared to other gastrointestinal cancers
(i.e. early gastric cancer and early colorectal cancer) and the
color difference is very slight in some lesions. Thus, detecting
SESCCs requires skill and experience, and the SESCC detection
rate by WLI remains at 60% even for experts .

In the NBI system, the light range during observation is nar-
row and blood hemoglobin easily absorbs light of specific blue
and green wavelengths (415 nm, 540 nm) that is used to enhance
superficial capillaries for lesion detection. Although advanta-
geous, the light intensity is lower compared to WLI. Unless the
light hits the target gastrointestinal wall vertically, the darker

Figure 2. Flowchart of total biopsies performed of NBI-detectable and undetect-

able lesions, followed by LCE. NBI, narrow-band imaging; LCE, Lugol chromoen-

doscopy; SCC, squamous cell carcinoma.

Table 2. Univariate analysis for NBI-undetectable lesions

Characteristic No. of lesions NBI-undetectable (n¼ 20) NBI-detectable (n¼ 127) P-value

Endoscope system, n (%) <0.05
H260Z 70 16 (22.9) 54 (77.1)
HQ290 77 4 (5.2) 73 (94.8)

Size, mm, median (range) 147 15 (6–35) 15 (2–110) 0.5
Location, n (%) 0.8

CeþUt 42 6 (14.3) 36 (85.7)
Mt 78 11 (14.1) 67 (85.9)
LtþAe 27 3 (11.1) 24 (88.9)

Position, n (%) <0.05
Anterior wall 61 14 (23.0) 47 (77.0)
Others 86 6 (7.0) 80 (93.0)

Macroscopic type, n (%) <0.05
0-IIb 97 20 (20.6) 77 (79.4)
Others 50 0 (0) 50 (100.0)

Pathology, n (%) 0.4
HGIN 39 7 (17.9) 32 (82.1)
SCC 108 13 (12.0) 95 (88.0)

Numerous irregularly
shaped LVLs, n (%)

<0.05

Yes 71 16 (22.5) 55 (77.5)
No 76 4 (5.3) 72 (94.7)

Synchronous SESCCs, n
(%)

<0.05

Yes 71 15 (21.1) 56 (78.9)
No 76 5 (6.6) 71 (93.4)

NBI, narrow-band imaging; Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic esophagus; Ae, abdominal esopha-

gus; HGIN, high-grade intraepithelial neoplasia; LVLs, Lugol-voiding lesions; SESCC, superficial esophageal squamous cell carcinoma.
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light often makes it challenging to detect SESCC lesions as a
well-demarcated brownish area. A further disadvantage of
darker light is difficulty in observing the distal area [18]. The
number of NBI-undetectable lesions with the HQ290 system in
this study was smaller than that of the H260Z system. This may
be because the brightness of NBI with the HQ290 system was
improved compared to that of the H260Z system. It is often diffi-
cult, even for expert endoscopists, to observe the anterior wall
of the esophagus due to its tangential view, making appropriate
distance challenging. This might be explained by the position of
the objective lens, which is at the upper side of the tip of the en-
doscope (Figure 3) and tends to be closer to the anterior wall of
the esophagus. In addition, the anterior wall of the esophagus
has external displacement caused by left atrium and left main
bronchus, as well as fluctuations following heartbeat and respi-
ration. These factors may influence lesion detection at the ante-
rior wall of the esophagus by NBI, especially for completely flat
lesions.

The advantage of LCE is the strong contrast between stained
(i.e. background mucosa) and unstained areas (i.e. SCC or intrae-
pithelial neoplasia). Since the light intensity is comparable to
that of WLI, the color difference may not be strongly affected by
the angle or distance between the endoscope and the esopha-
geal wall. Therefore, the lesion position may not be influenced
during LCE observation. Considering that the anterior wall is a
risk factor for NBI-undetectable lesions, rotating the endoscope
by 180� and bringing the anterior wall down during observation
may reduce the negligence of SESCCs.

Recognition of the changes in IPCLs is essential for identify-
ing SESCC by NBI observation. However, IPCLs in the back-
ground mucosa are also affected for some reasons. It has been
reported that IPCL changes in proliferation and elongation are
signs of inflammation in the esophagus [19]. In EC with inflam-
mation in the background, it is known that the demarcation
line of the lesions is more difficult to recognize in NBI than
in LCE because of the additional changes in IPCL specific to in-
flammation that make the neoplastic lesions more complex. As
previously reported, multiple foci of dilated vessels in NBI ob-
servation may be a new indicator of multiple LVLs [20]. The
esophagus of patients with numerous irregularly shaped LVLs
may have a unique IPCL change due to chronic inflammation
associated with smoking and alcohol consumption. This further
complicates the finding of neoplastic lesions by NBI observa-
tion. In LCE observation, less atypical changes such as LGIN
may be recognized as a clear LVL, yet not clearly identified in
NBI observation. As previously reported, the vascular structure
of EC changes during tumor progression [21] and the degree of
irregularity is correlated with tumor invasion in SESCCs.
However, some SESCCs have mild irregularities in the superfi-
cial microvasculature.

The tumor depth of NBI-undetectable lesions was pathologi-
cally limited within the MM and no lesions invaded the submu-
cosa in this study. Therefore, there were no advanced stage
lesions in NBI-undetectable lesions that might have affected
prognosis. Two SESCCs invaded the MM wherein one of these
lesions was a 10-mm-sized 0-IIb lesion on the anterior wall of
the Ce. This patient had stage 4 oropharyngeal cancer. The
other patient had a 20-mm-sized 0-IIb lesion on the anterior
wall of the Lt. This patient had a synchronous lesion, a 19-mm-
sized 0-IIc þ IIa lesion located on the Mt, and the final pathology
showed submucosal invasion (800 lm) with vascular invasion.
According to these results, NBI-undetectable SESCCs were not
the worst lesions and might not have affected the patient’s
prognosis. However, depending on the timing of the discovery
and the patient’s co-morbidities, prognosis may have been
affected.

The NBI remains the primary diagnostic tool for SESCC due
to its high sensitivity, diagnostic accuracy, and convenience,
whereas LCE may be useful for detecting additional lesions in
high-risk patients with EC. Our results suggest that the strategy
for reliable screening and surveillance endoscopy for high-risk
patients with ESCC is as follows. First, the anterior wall should
be carefully observed with a rotating endoscope using peristal-
sis. Second, if numerous LVLs have been discovered in previous
endoscopy or ESCCs were found during NBI observation, LCE

Table 3. Multivariate analysis for NBI-undetectable vs NBI-detect-
able lesions

Factor OR (95% CI) P-value

Numerous irregularly shaped LVLs 4.94 (1.39–17.5) <0.05
Position, anterior wall 4.99 (1.58–15.8) <0.05
Synchronous SESCCs 2.86 (0.85–9.60) 0.09
Macroscopic type, 0-IIba – –

NBI, narrow-band imaging; OR, odds ratio; CI; confidence interval; LVLs, Lugol-

voiding lesions; SESCC, superficial esophageal squamous cell carcinoma.

aNBI-undetectable lesions were all 0-IIb and macroscopic type was omitted be-

cause of collinearity.

Table 4. The evaluation of the intrapapillary capillary loop in NBI-
magnifying images for NBI-undetectable SESCCs

Finding N¼ 12a

Intervascular background coloration 4 (33.3)
Proliferation 7 (58.3)
Dilation 11 (91.7)
Tortuosity 2 (16.7)
Change in caliber 2 (16.7)
Various shapes 3 (25.0)

NBI, narrow-band imaging; SESCC, superficial esophageal squamous cell

carcinoma.

aNBI-magnifying endoscopy was performed for 12 NBI-undetectable SESCCs on

another day before endoscopic resection.

Figure 3. A picture of the tip of the endoscope. The blue arrow indicates the ob-

jective lens located at the upper side.
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should be considered. These strategies may ensure effective
LCE and reduce NBI-undetectable SESCCs.

Our study had several limitations. First, this was a retrospec-
tive single-center study. The participants were limited to high-
risk patients only, and many patients had multiple lesions. It is
unclear whether these results can be applied to low-risk
patients. Second, all endoscopic procedures were limited to
experts in the field; thus, the detection data may fluctuate com-
pared to non-experts. Third, the endoscopic light source device
and endoscope (GIF-H260Z, GIF-HQ290; Olympus) were not uni-
fied in this study.

In conclusion, the detection of SESCCs with NBI is challeng-
ing when they are morphologically completely flat, in cases
with numerous irregularly shaped LVLs, or those located at the
anterior wall. Thus, LCE should be considered to prevent over-
looking SESCC in patients with numerous LVLs observed in pre-
vious observations or ESCCs found during NBI observation.

Supplementary Data

Supplementary data is available at Gastroenterology Report
online .
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