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BACKGROUND & AIMS: It is difficult to accurately di-
agnose patients with depressed gastric mucosal cancer
based on conventional white-light imaging (C-WLI) en-
doscopy. We compared the real-time diagnostic yield of
C-WLI for small, depressed gastric mucosal cancers with
that of magnifying narrow-band imaging (M-NBI).
METHODS: We performed a multicenter, prospective,
randomized, controlled trial of patients with undiagnosed
depressed lesions �10 mm in diameter identified by
esophagogastroduodenoscopy. Patients were randomly
assigned to groups that were analyzed by C-WLI (n � 176)
or M-NBI (n � 177) immediately after detection; the
C-WLI group received M-NBI after C-WLI. We compared
the diagnostic accuracy, sensitivity, and specificity be-
tween C-WLI and M-NBI and assessed the diagnostic yield
of M-NBI conducted in conjunction with C-WLI. Results:
Overall, 40 gastric cancers (20 in each group) were iden-
tified. The median diagnostic values for M-NBI and C-
WLI were as follows: accuracy, 90.4% and 64.8%; sensitiv-
ity, 60.0% and 40.0%; and specificity, 94.3% and 67.9%,
respectively. The accuracy and specificity of M-NBI were
greater than those of C-WLI (P � .001); the difference in
sensitivity was not significant (P � .34). The combination
of M-NBI with C-WLI significantly enhanced performance
compared with C-WLI alone; accuracy increased from
(median) 64.8% to 96.6% (P � .001), sensitivity increased
from 40.0% to 95.0% (P � .001), and specificity increased
from 67.9% to 96.8% (P � .001). CONCLUSIONS: M-
NBI, in conjunction with C-WLI, identifies small, de-
pressed gastric mucosal cancers with 96.6% accuracy,
95.0% sensitivity, and 96.8% specificity. These values
are better than for C-WLI or M-NBI alone.
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Gastric cancer is the fourth most common malig-
nancy and the second leading cause of death from

cancer worldwide.1 Early detection and curative treatment
are the best strategies for improving patient survival.
Esophagogastroduodenoscopy is the most sensitive
method of early detection of gastric cancers. However, an

accurate early diagnosis of gastric mucosal cancer is dif-
ficult with conventional white-light imaging (C-WLI) en-
doscopy; nevertheless, it remains the standard endoscopic
examination modality worldwide.

Detection of mucosal cancers �20 mm in diameter is
ideal, because they are curable using minimally invasive
treatments such as endoscopic mucosal resection and
endoscopic submucosal dissection.2,3 Among the gastric
mucosal cancers, the depressed type is the predominant
morphology.4 – 6 However, small depressed cancers (�10
mm in diameter) are more difficult to distinguish from
benign abnormalities (such as inflammation) compared
with elevated cancers. Although chromoendoscopy using
indigo carmine has contributed to an improvement in the
diagnosis of gastric mucosal cancers,7 there is no evidence
of the superiority of chromoendoscopy over C-WLI.
Therefore, C-WLI endoscopy remains the standard imag-
ing modality for diagnosing gastric mucosal cancers.

Histologic evaluation of biopsy specimens from suspi-
cious lesions is conventionally used to confirm a diagnosis. A
highly accurate diagnosis without the need for a biopsy is
the ultimate goal of endoscopists, because this would de-
crease the number of unnecessary biopsies, especially when
confirming a negative biopsy of any suspicious cancerous
lesion. This could reduce the risk of postbiopsy bleeding,
costs associated with the procedure, and the workload on
pathologists.

Magnifying narrow-band imaging (M-NBI), a recently de-
veloped advanced endoscopic imaging technology, was re-
ported to be useful for the accurate diagnosis of gastric
abnormalities such as cancers,8–13 adenomas,14 and intesti-
nal metaplasia.15 However, no randomized trials have been
conducted to compare M-NBI with C-WLI. The present
study was designed to assess and compare the real-time
diagnostic yield of C-WLI for depressed gastric mucosal

Abbreviations used in this paper: CI, confidence interval; C-WLI,
conventional white-light imaging; M-NBI, magnifying narrow-band im-
aging; NPV, negative predictive value; PPV, positive predictive value.
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cancers with that of M-NBI when performed by skilled
endoscopists.

Patients and Methods
Study Design and Participants
This randomized, controlled, open-label, multicenter

trial was conducted at 9 centers in Japan. This study was con-
ducted according to the Standards for the Reporting of Diag-
nostic Accuracy Studies (STARD) initiative16 and the Declara-
tion of Helsinki.

The frequency of synchronous or metachronous multiple
gastric cancers was reported as 3 to 5 per 100 patient-years,17–19

which is higher than the incidence of gastric cancer in the
general population. In other words, patients with gastric cancer
might constitute a cancer-enriched population, which may be a
more suitable model for screening of potential gastric cancers
than the general population. Therefore, we recruited patients
aged 20 years or older with untreated gastric cancers and pa-
tients with a history of gastric cancer. Patients who had been
treated with endoscopic mucosal resection or endoscopic sub-
mucosal dissection were included in the latter group, because
their stomachs were preserved with minimum injury. We ex-
cluded patients who had been treated with surgical resection,
because the stomach was either removed or was reduced in size.
Other exclusion criteria were serious complications that could
interfere with the examination protocol and the use of medica-
tion that might interfere with the collection of a biopsy speci-
men. Written informed consent was obtained, and the institu-
tional review board of each participating hospital approved the
study. The clinical trial number of this study was UMIN-
CTR000001072.

To detect a target lesion, screening was performed using
C-WLI endoscopy. Previously undetected lesions were consid-
ered ideal potential targets for evaluating the diagnostic yield
without bias. Therefore, the target lesions for this study were
“newly detected and undiagnosed” small, depressed gastric le-
sions �10 mm in diameter. We did not target lesions that had
been analyzed histologically. Small, depressed lesions with ap-
parent erosion or ulceration were also not evaluated, because it
is difficult to visualize surface changes in these lesions. If the
patient had multiple such lesions, only the first lesion detected
was selected for examination. The diameter of each lesion was
estimated by comparing it with the size of the biopsy forceps.

Randomization and Masking
When a target small, depressed lesion was detected by

C-WLI screening, patients were immediately assigned randomly to
undergo detailed examination using C-WLI or M-NBI at a 1:1 ratio.
After the randomization, all endoscopists knew which imaging
method would be used for the detailed examination when making
a diagnosis of the target lesion. Randomization was performed
promptly on-site using tables of random numbers stratified by
hospital, and the results thereof were kept in sealed, numbered
envelopes. The random allocation sequence was prepared at the
data management center. Both the assignment result and the cor-
responding envelope number were recorded by the data manage-
ment center. At each participating hospital, sealed envelopes were
stored by a third party who was not involved in the study, and the
envelopes were opened by an assistant physician in serial order only
when randomization was performed. The assigned patient identi-
fication number, envelope number, and assignment result were

recorded on-site and faxed to the data management center on the
day of the examination.

Procedure and End Points
The study design and the protocol examination are

outlined in Supplementary Figure 1 and Supplementary Mate-
rials and Methods. The diagnosis for the target lesion was made
by one endoscopist according to predetermined diagnostic cri-
teria for C-WLI and M-NBI without any consultation with other
physicians, and an assistant physician immediately recorded the
results using a case report form. For each modality, the interval
between the start of the observation and the time at which an
endoscopic diagnosis was made was measured using a stop-
watch. For the C-WLI group, M-NBI examination was performed
after completion of a diagnosis based on C-WLI. This procedure
was used to evaluate the effect of using M-NBI in conjunction
with C-WLI. After all records were compiled, at least one biopsy
specimen was obtained from the target lesion.

The primary aim of the study was to compare the diagnostic
accuracy between C-WLI and M-NBI. The secondary aim was to
compare diagnostic sensitivity, specificity, and examination time
between C-WLI and M-NBI and to evaluate the effects of an
additional M-NBI study after the initial C-WLI in terms of
diagnostic accuracy, sensitivity, specificity, and examination
time. Histopathology diagnosis of obtained biopsy specimens
was used as a gold standard for the diagnosis.

Endoscopy System
The NBI system is an innovative optical image-enhanced

technology that involves a narrow-bandwidth NBI filter in the
video endoscopy system. The central wavelengths of the NBI
filters are 415 nm and 540 nm, and each has a bandwidth of 30
nm. Because 415-nm and 540-nm light are well absorbed by
hemoglobin, the microvascular architecture of the mucosal sur-
face can be visualized readily. Details of this system have been
reported elsewhere.20 –22

We used high-resolution magnifying endoscopy with a capa-
bility of 80-fold optical magnification (GIF-Q240Z, GIF-H260Z,
and GIF-FQ260Z; Olympus Medical Systems, Tokyo, Japan) and
a high-resolution liquid-crystal monitor (OEV191H; Olympus
Medical Systems). We alternated between the 2 imaging modal-
ities (C-WLI and M-NBI) by pushing a button on the endoscope
(Evis Lucera Spectrum System; Olympus Medical Systems). We
used a fixed structure enhancement setting and color tone for
the video processor.

Participating Endoscopists
All examinations were performed by 31 endoscopic spe-

cialists accredited by the Japan Gastroenterological Endoscopy
Society in 9 institutes. Before the onset of the study, all partic-
ipating endoscopists were trained using images of small, de-
pressed lesions to minimize diagnostic variation between them.

Diagnostic Criteria for C-WLI and M-NBI
Figure 1 shows a representative endoscopic image of a

small, depressed gastric cancer and a small, depressed benign
lesion. The diagnostic method based on endoscopic findings is
outlined in Supplementary Materials and Methods.

The endoscopic diagnostic criteria for small, depressed gastric
cancers using C-WLI were defined based on previous reports of
C-WLI findings: an irregular margin and a spiny depressed
area.23 The observation of 2 findings (irregular margin and spiny
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