
Introduction
In parallel with recent improvements in esophagogastroduode-
noscopy (EGD) such as magnifying endoscopy with narrow-
band imaging, the diagnostic accuracy of EGD is improving
and the detection rate of early gastric cancers and precancer-
ous lesions is increasing. Also, endoscopic submucosal dissec-
tion has become a widely accepted procedure for the treatment
of gastric superficial neoplasia (GSN) [1].

GSN is often easily overlooked endoscopically because of the
difficulty in recognizing it. Several retrospective studies have
investigated the miss rate of upper gastrointestinal cancers at
endoscopy [2–4], in which missed cancer was defined as can-
cer detected within 3 years after preceding EGD. However, no

report has focused on miss rates of GSN, and the impact on
the clinical outcome of missed GSNs has not been clarified.

In this study, we retrospectively investigated the natural his-
tory and clinicopathological features of missed GSNs by review-
ing patients’ preceding endoscopic records and the patients’
subsequent clinical outcomes.

Patients and methods
Patients

In this retrospective observational study, 1462 consecutive le-
sions, which were endoscopically and pathologically diagnosed
as gastric cancer in Kurashiki Central Hospital from January
2011 to December 2014, were evaluated. Among the 1462 le-
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ABSTRACT

Background and aims Gastric superficial neoplasia (GSN)

is often overlooked at endoscopy because of difficulty in

identifying it. The miss rate of GSN at endoscopy and the

impact on clinical outcome of the missed GSN have not

been fully elucidated. In this study, we investigated these is-

sues.

Methods Among 1462 endoscopically and pathologically

diagnosed gastric cancers in our hospital from January

2011 to December 2014, previous records of esophagogas-

troduodenoscopy (EGD) were available for 198 lesions (in-

dex lesions) and were reviewed retrospectively. Among

those, 157 lesions, which were diagnosed as GSN on the ba-

sis of their EGD findings at initial endoscopy, were analyzed.

Progression was defined as advanced cancer in the index le-

sion.

Results Among the 157 GSNs, 118 (75.2%) had not been

recorded in the previous EGD report but were evident

upon review of endoscopic photographs for this study. Pro-

gression to advanced cancer was observed in only 13 (8.3%)

of the 157 GSNs during a mean interval of 41 months and as

long as 96 months, and the rate of progression was similar

in missed and not-missed lesions (8.5% and 7.7%, respec-

tively). Cumulative incidence rates of progression of missed

GSNs to advanced cancer were 0.8%, 1.7%, 4.2%, and 7.6%

at 36, 48, 60, and 72 months after the initial EGD, respec-

tively.

Conclusions Our findings illustrate that GSNs are often

missed at endoscopy but progress slowly in most cases.

Even though the rate of progression to cancer is relatively

low, rigorous attempts should be made to reduce the miss

rate of GSNs at EGD.
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sions, EGD had been performed in our hospital after January
2006 and at least 6 months before the index EGD in 198 lesions
(index lesions). Five gastrointestinal endoscopists (Y. S., M.M.,
A.D., N.N., and H.M, who are board-certificated members of
the association of Japan Gastroenterological Endoscopy Socie-
ty, separately reviewed all records of these 198 lesions. We ex-
cluded the following lesions: (1) lesions without suspicious pre-
ceding lesion in the previous EGD records (14 lesions); (2) le-
sions diagnosed as invasive cancer at the initial EGD (3 lesions);
and (3) lesions without 100% agreement on the findings among
all five reviewers (24 lesions). The remaining 157 lesions, which
were diagnosed as GSN on the basis of their EGD findings at in-
itial endoscopy, were enrolled (▶Fig. 1). Rates of inter-observer
agreement on the presence of suspicious preceding lesion and
the diagnosis of invasive cancer were 87.9% and 100%, respec-
tively. The mean interval from the initial EGD to the final patho-
logical diagnosis with staging was 41 months, and the maxi-
mum interval was 96 months.

Diagnosis of the index gastric cancer

For patients who had undergone surgical or endoscopic resec-
tion of their lesions, the histologic type and depth of invasion
were judged by pathological diagnosis of the resected speci-
mens according to the Japanese Classification of Gastric Carci-
noma (3 rd English edition) [5]. Pathological diagnosis of intra-
mucosal gastric cancer in our hospital corresponds mostly to
category 5–1 in the Vienna classification [6] and occasionally
to category 4. Tumors that had invaded the muscularis propria
or deeper were designated advanced gastric cancer.

For patients who had undergone chemotherapy or suppor-
tive care, the histological diagnosis was made on the basis of
the findings of endoscopic biopsies. The depth of invasion was
judged by comprehensive evaluation with diagnostic studies:
EGD, computed tomography, and barium meal. The histologi-
cal diagnosis was classified as intestinal or diffuse type, accord-
ing to Lauren [7]; when both types were present, the lesion was
classified according to the dominant histological type.

Diagnosis of the initial lesion as GSN

Diagnosis of the initial lesion as GSN was based on (1) endo-
scopic photographic findings of the EGD records in which plau-
sible lesion was observed at the site of the index lesion, and
findings indicating invasive cancer, e. g. thickening or de-
creased distensibility of the gastric wall or abnormal appear-
ance of folds of the lesion, were absent, and (2) histological
findings of gastric biopsies when they were available. As stated
earlier in the Patients subsection, we only enrolled GSNs based
on the diagnosis with agreement of all five reviewers.

The study was conducted according to the guidelines of the
Declaration of Helsinki. The institutional review board of Kura-
shiki Central Hospital approved the study protocol.

Statistical analysis

Demographics of GSN were compared using Fisher’s exact test
and Student’s t test. For the statistical analyses, we used EZR
(Saitama Medical Center, Jichi Medical University, Saitama, Ja-

pan), which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria).

Results
Miss rate of GSN

Among the 157 preceding suspicious GSNs, 118 had not been
recorded in the EGD report but were evident upon review of
the endoscopic photographs for this study. Thus, the miss rate
of GSN in the routine clinical setting of EGD at our hospital was
75.2% (▶Fig. 1). The other 39 lesions had been endoscopically
identified and recorded in the EGD report but were followed
without operation or endoscopic submucosal resection. The
reasons for non-interventional follow-up of these lesions were:
(1) histological diagnosis of the biopsy specimens was low
grade adenoma (category 3 in the Vienna classification; 20 le-
sions) or hyperplastic polyp (3 lesions); (2) neoplasia was sus-
pected endoscopically but was not proven histologically, prob-
ably due to inadequate biopsy specimens (12 lesions); (3) le-
sions were endoscopically regarded as benign without having
been biopsied (2 lesions); or (4) lesions were endoscopically
and histologically diagnosed as gastric cancer (2 lesions) but
patients refused treatment. Endoscopic photographs of a typi-
cal case of missed GSN are presented in ▶Fig. 2.

Clinicopathological features of missed and not-missed GSNs
based on the final reports are shown in ▶Table 1. Morphology

1462 gastric cancer at index EGD

198 lesions whose endoscopic images were available for 
reviewing

14 lesions without suspicious preceding lesion in 
the previous EGD records

24 lesions without 100 % agreement on the findings 
among all 5 reviewers

160 suspicious preceding lesions in the record of 
previous EGD 

157 GSNs likely to be preceding lesions for the index 
cancer were studied

118 (75.2 %) were missed 
by examiner

39 (24.8 %) were 
recognized by examiner

10 (8.5 %) progressed to 
advanced cancer

3 (7.7 %) progressed to  
advanced cancer

3 lesions diagnosed as invasive cancer at the initial 
EGD

▶ Fig. 1 Flow chart of study design and natural history of GSN. EGD,
esophagogastroduodenoscopy; GSN, gastric superficial neoplasia.
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and histological type of the index lesion were significantly dif-
ferent between the two groups.

Natural history of GSN

The natural history of the GSNs is illustrated in ▶Fig. 1. Among
the 118 missed GSNs, 10 (8.5%) progressed to advanced cancer
during a mean interval of 39.3 months and as long as 96
months; among the 39 not-missed lesions, 3 (7.7%) progressed
to advanced cancer during a mean interval of 47.5 months and
as long as 96 months. Progression rate was statistically insignif-
icant between the two groups. In total, progression to ad-
vanced cancer was observed in only 13 (8.3%) of the 157

GSNs. In the missed GSNs, the cumulative incidence rate of
progression to advanced cancer was calculated as 0.8%, 1.7%,
4.2%, and 7.6% at 36, 48, 60, and 72 months after the initial
EGD, respectively.

Discussion
In this study, by reviewing the previous EGD records of 198 pa-
tients with gastric cancer, we identified 157 GSNs that likely
were preceding lesions for the index gastric cancer. Disturbing-
ly, 75.2% of these GSNs were overlooked at previous EGD. The
miss rate of GSN in our study is strikingly higher than miss rates
of gastric cancer in published reports, in which rates ranged
from 4.6% to 25.8% [2–4]. In those studies, missed cancer
was defined as cancer that had not been diagnosed at endos-
copy performed within 3 years before the diagnosis on the basis
of estimated doubling time of mucosal gastric cancer of 2 to 3
years [8]. In our patients, the interval between the previous
EGD and EGD at the time of diagnosis of gastric cancer exceed-
ed 3 years to as long as a maximum of 8 years in 57.3% (90/157)
(data not shown). The major reason for the higher miss rate in
our series compared with other series is probably the fact that
we were studying only GSNs, which are more difficult to detect
than other gastric neoplasms. It is also possible that observer
bias played a role in the high miss rate. That is, the endoscopists
who reviewed the initial endoscopic photographs were aware
that they were participating in a study of overlooked GSN;
thus, they may have looked more zealously for subtle mucosal
abnormalities than did the original endoscopists.

In spite of the high miss rate of GSN in our series, we found
that only 8.5% of the overlooked GSNs progressed to advanced
cancer during the interval of a mean of 39.3 months and as long
as 96 months. This progression rate is much lower than the
33.3% of missed gastric cancer in the study reported by Hoso-
kawa et al. [9]. Those authors reviewed 250 gastric cancer pa-
tients with EGD records available within the previous 3 years,
and in whom gastric cancer had not been diagnosed at the pre-
vious EGD. The most likely explanation for the difference in pro-
gression rates between the two studies is, again, because we
only studied GSNs, which probably have less malignant poten-
tial than do other gastric neoplasms. In other reports on the
natural progression of gastric neoplasms [10–15], Park et al.
[11] reviewed records of 26 lesions of gastric adenomas and ob-
served progression of histological grade in 8 (29.6%) during fol-
low-up of a median of 66 months. Yamada et al. [12] followed
48 gastric adenoma/dysplasia lesions for a median of 4.7 years
and found that 1 of 38 (2.6%) low grade adenoma/dysplasia
and 1 of 10 (10%) high grade adenoma/dysplasia progressed
to noninvasive carcinoma and intramucosal carcinoma. Thus,
most adenomatous lesions progress quite slowly. We assume
that the majority of GSNs in our study were adenomatous or
premalignant lesions, and these lesions also progressed slowly.

We found that the cumulative incidence rate of progression
of GSNs to advanced cancer was very low (0.8%) until 36
months after the initial EGD even when they were overlooked.
However, the rate increased rapidly afterwards. Thus, we
should perform surveillance EGD at least every 36 months to

▶ Fig. 2 Endoscopic photographs of a typical case of missed GSN.
a A small, pale area is seen on the posterior wall of the angulus (ar-
row). This lesion was missed at initial endoscopy but was identified
at review of photographs for this study. b Chromoendoscopic ima-
ging of the suspected area with indigo carmine 51 months after the
initial endoscopy. The lesion is now larger and somewhat elevated,
and was resected by endoscopic submucosal dissection. Histologi-
cal diagnosis of the resected specimen was intestinal-type, intra-
mucosal gastric cancer.
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detect malignant lesions at their early stage, but a large pro-
spective study is necessary to investigate an adequate surveil-
lance interval.

The sample size in our study was reasonably large, yet the
study has limitations. The major one is the lack of full informa-
tion on the initial GSN lesions. We retrospectively reviewed pre-
vious EGD records of gastric cancer and identified the suspi-
cious preceding lesion. Most lesions had not been recognized
at the time of previous EGD and were identified at the review
of the records. Thus, the diagnosis of the initial lesion as GSN
was based only on endoscopic findings of the EGD records. To
increase the diagnostic accuracy, we only enrolled GSNs based
on the diagnosis with agreement of all five reviewers. Another
issue is the lack of information on the patients’ Helicobacter py-
lori status. Eradication of H. pylori largely prevents the develop-
ment of gastric cancer [16–19] and likely would affect the nat-
ural history of GSN [20]. However, in this retrospective study,
we were unable to obtain essential data on patients’ H. pylori
status and response to eradication therapy.

In conclusion, despite these limitations, our findings indi-
cate that GSNs are often missed but most usually progress
slowly. Even though the rate of progression to cancer is relative-
ly low, rigorous attempts should be made to reduce the miss
rate of GSNs at EGD.
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