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Background/Aims: Improvements in the endoscopic evaluation and management of gastric cancer have made it possible to determine
the depth of invasion during endoscopic examination. The aim of this study was to elucidate the differences between early gastric cancer
(EGC) that resembles advanced gastric cancer (AGC) and AGC that resembles EGC.

Methods: We retrieved cases of EGC-like AGC and AGC-like EGC from consecutive gastric cancers that had been completely resected.
The endoscopic diagnoses and clinicopathological findings were analyzed.

Results: AGC-like EGCs were located mainly in the distal part of the stomach, whereas EGC-like AGCs were located mainly in the
proximal part of the stomach (p<0.001). Sixty percent of AGC-like EGCs were moderately differentiated adenocarcinomas, while 64% of
EGC-like AGCs were poorly differentiated adenocarcinomas (p=0.015). According to Lauren’s classification, 68% of AGC-like EGCs
were intestinal type, whereas 71% of EGC-like AGCs were diffuse type (p=0.020).

Conclusions: AGC-like EGCs predominate in the distal part of the stomach, while EGC-like AGCs predominate in the proximal part.

When evaluating the depth of a gastric cancer, care should be taken not to underestimate measurements in proximal gastric cancers
since they tend to be poorly-differentiated adenocarcinomas, in Lauren’s diffuse type, and invade deeper than their endoscopic appear-

ance might suggest.
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INTRODUCTION

Recent advances in endoscopic techniques have enabled the
detection of various gastric cancers. Conventional endoscopy
enables discrimination between early gastric cancer (EGC)
and advanced gastric cancer (AGC), which in most cases is
usually determined by histological depth of invasion." Identi-
fiable characteristics include the following: 1) an elevated le-
sion is likely to involve mucosal invasion when its surface st-
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ructure is regular and uniform without ulceration; 2) a small,
slightly depressed lesion without fold convergence or bank
formation frequently involves mucosal invasion; 3) a depre-
ssed lesion associated with fold convergence is likely to invol-
ve mucosal invasion when its depression is shallow and the tips
of converging folds only show irregular thinning, but it is like-
ly to involve submucosal or deeper invasion when the base of
the depression is stiffened and accompanied by irregular no-
dules on the margin, or when the folds are elevated and en-
larged; and 4) when an ulcerative lesion is surrounded by a
tumorous bank, or the tips of folds are elevated and merged,
it is likely to be an AGC." Despite all of the above characteris-
tics, however, endoscopically diagnosed EGC is sometimes
revealed to be AGC on histological examination of the rese-
cted specimen, and vice versa. Such cases are called EGC-like
AGCs and AGC-like EGCs, respectively.
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Regardless of lymph node (LN) metastasis, EGCs are de-
fined as those cancers confined to the mucosal or submuco-
sal layer, while AGCs are defined as those extending into or
beyond the proper muscle layer. Some proper muscle cancers
appear endoscopically as EGC, before this is confirmed by
histological examination of the resected specimen.” Notably,
these EGC-like AGCs have a more favorable prognosis than
Borrmann-type cancer, and have less LN metastases. In con-
trast, AGC-like EGCs are associated with a higher incidence
of LN metastasis and predominant submucosal invasion, and
therefore require extensive LN dissection.’

Since the depth of the gastric cancer invasion is strongly
correlated with LN metastasis and the treatment for gastric
cancers differs according to the depth of invasion,’ it is vital
to discriminate between EGC and AGC during endoscopic
examination. Underestimating an AGC as an EGC may lead
to endoscopic resection instead of surgery, while overestima-
ting an ECG as an AGC may lead to surgery instead of endo-
scopic resection. In the present study, we determined the diffe-
rential clinicopathological findings of AGC-like EGCs and
EGC-like AGCs, with the aim of helping to prevent such mis-
diagnoses.

MATERIALS AND METHODS

Subjects

Consecutive gastric cancer patients from August 2005 to
December 2010 who underwent complete resection at Kon-
kuk University Medical Center were included in this study.
Subjects who agreed on additional analyses for microsatellite
instability (MSI) and mucin phenotype were included. Pa-
tients with final diagnosis of other than adenocarcinoma were
excluded from the study. This study was approved by the In-
stitutional Review Board of Konkuk University Medical Cen-
ter (KUH 1010293) which confirmed that the study was in
accordance with the ethical guidelines of the Declaration of
Helsinki.

Each case was diagnosed as either EGC or AGC during the
endoscopic examination before the resection, and was compared
with pathological results of the resected specimen (Fig. 1). A
total of 14 (6.8%) cases among 207 endoscopically diagnosed
EGCs were finally diagnosed as AGCs that invade the proper
muscle and/or serosa. Therefore, we classified these 14 cases
as EGC-like AGCs. These are AGCs with gross appearance of
an EGC, but with invade deeper into the proper muscle and
beyond (Fig. 2). On the other hand, 25 (14.9%) cases among
168 endoscopically diagnosed AGCs were finally diagnosed as
EGCs that invade only the mucosa and/or submucosa. There-
fore, we classified these 25 cases as AGC-like EGCs. These
are EGCs with gross appearance of an AGC, but with inva-
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sion confined to the mucosal and/or submucosal layer (Fig. 3).

Overall, we retrieved 25 cases of AGC-like EGCs and 14
cases of EGC-like AGCs. Endoscopic findings and clinicopa-
thological characteristics of gastric cancer such as tumor lo-
cation, size, macroscopic appearance, Lauren’s classification,
MSI, mucin phenotype, and other pathologic findings (the
depth of invasion, cell type, LN metastasis, lymphatic, venous,
and perineural invasion) were analyzed.

Upper gastrointestinal endoscopy

Conventional white light endoscopy (GIF H260; Olympus,
Tokyo, Japan) was used for endoscopic examination. The
electronic endoscopic system consisted of EVIS-260 proces-
sor (Olympus Optical Co., Ltd., Tokyo, Japan) and the imag-
es were converted into the tagged image format using an
EVIS-260 system (Olympus Optical Co., Ltd.) with a magnetic
optical disk drive for each case. Electronic upper gastrointes-
tinal endoscopic images were analyzed by one endoscopist
(H.S.P) to exclude intraobserver variability. If there were any
difficulty in classification, the endoscopist referred to another
endoscopist for a second opinion.

A macroscopic classification of EGC was classified as fol-
lows: type I (protruded), type Ila (superficial elevated), type
IIb (flat), type Ilc (superficial depressed), type III (excavated),
and combination type (I+Ila, ITa+IIc, IIc+1la, ITc+III), accor-
ding to the Japanese classification of gastric carcinoma.’ In ad-
dition, advanced gastric adenocarcinoma was classified accor-
ding to Borrmann classification into polypoid lesion (type I),
fungating with surface ulceration (type II), large tumor mass
with central ulceration (type III), and infiltrative tumor (type IV).

Pathologic findings

The cancerous lesions were cut into serial sections with the
surrounding noncancerous mucosa. The size of gastric cancer
was measured with the formalin-fixed specimen. Cell type,
Laurenss classification (intestinal, diffuse, or mixed type), de-
pth of invasion (lamina propria, muscularis mucosa, submu-
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Fig. 1. Study flow of our study. Of consecutive gastric cancers
that were resected and analyzed for microsatellite instability and
mucin phenotype, we retrieved 25 advanced gastric cancer
(AGC)-like early gastric cancers (EGCs) and 14 EGC-like AGCs.



cosa, proper muscle, or serosa), presence of microinvasion
(lymphatic, venous, or perineural invasion) were analyzed.

MSI analysis

MSI analysis was done as described previously in our study.®
MSI was analyzed by polymerase chain reaction (PCR) am-
plification with fluorescent dye-labeled primers of mononu-
cleotide markers (BAT25 and BAT26) and dinucleotide ma-
rkers (D2S123, D55346, and D17S5250) specific for the mi-
crosatellite loci. PCR was performed over 35 cycles with 1
minute at 94°C, 1 minute at 55°C, and 1 minute at 72°C for
the BAT25 and BAT26 primers. For D2S123, PCR was car-
ried out over 35 cycles with 30 seconds at 94°C, 1 minute at
54°C, and 1 minute at 72°C. For D5S346, PCR was carried out
over 36 cycles with 30 seconds at 94°C, 30 seconds at 55°C, and
30 seconds at 72°C. For D175250, PCR was carried out over
38 cycles with 1 minute at 94°C, 1 minute at 50°C, and 1 min-
ute at 72°C. Fluorescently labeled PCR products were detect-
ed using the ABI 3100 Genetic Analyzer (Applied Biosystems,
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Foster City, CA, USA).

Microsatellite genotypes were categorized as a high inci-
dence of MSI when instability was detected in 30% or more of
the markers and as a low incidence of MSI when instability
was detected in less than 30% of the markers.

Immunohistochemical stain for mucin analysis
Immunohistochemical stain was done to reveal mucin phe-
notypes as described previously in our study.” Serial 4-mm se-
ctions were cut from formalin-fixed and paraffin embedded
tissues and mounted on glass slides coated with silane (Matsu-
nami, Tokyo, Japan). The immunohistochemical staining with
primary antibodies, MUC5AC (45M/1, 1:2,000; Neomarker,
Fremont, CA, USA), MUC 6 (MCN®6.01, 1:200; Neomarker),
MUC2 (996/1, 1:2,000; Neomarker), and CD10 (56C6, 1:50;
Neomarker) was carried out using the iVIEW DAB detection
kit (Ventana Medical Systems Inc., Tucson, AZ, USA) by the
Benchmark XT (Ventana Medical Systems Inc.). Heat-indu-
ced antigen retrieval was carried out. Negative controls were

i

Fig. 2. An advanced gastric cancer-like early gastric cancer in a 48-year-old man. (A) Endoscopic image shows a huge mass extending
from prepyloric antrum to lower-body. Macroscopic appearance shows an irregularly elevated lesion, measuring 8.6x7.1 cm. (B) Histologi-
cal examination demonstrates submucosal cancer invading down to the deepest submucosal layer (H&E stain, x12.5).

Fig. 3. An early gastric cancer-like advanced gastric cancer in a 69-year-old man. (A) Endoscopic image shows a depressed lesion with ir-
regular margin in the cardia. Macroscopic appearance shows a slightly depressed lesion measuring 2.5x2.5 cm. (B) Histological examina-
tion demonstrates invasion confined to the muscularis propria layer (H&E stain, x12.5).
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carried out in all cases by omitting the primary antibodies. He-
matoxylin was used for counterstaining.

The gastric cancers were subclassified into gastric and in-
testinal mucin phenotypes if more than 10% of cancer cells
exhibited gastric (MUC5AC and/or MUCS6) and intestinal
(MUC2 or CD10) markers, respectively. Tumors were classi-
fied as mixed type when 10% or more of the neoplastic cells
showed both gastric and intestinal markers, and classified as
unclassified type when less than 10% of the neoplastic cells
showed gastric and intestinal markers.

Statistical analysis

Statistical analyses were performed with commercially avail-
able statistical software, SPSS version 17.0 (SPSS Inc., Chicago,
IL, USA). Differences between the AGC-like EGCs and EGC-
like AGCs were analyzed using the chi-square test and Stu-
dent’s t-test (or Mann Whitney U-test and Kruskal Wallis test
when indicated). Continuous values were expressed as mean+
standard deviation (SD). A probability value of p<0.05 was
considered statistically significant.

RESULTS

Baseline characteristics

There was no difference between AGC-like EGCs and EGC-
like AGCs with regard to age and gender of the subjects (Ta-
ble 1). The macroscopic appearance of 25 AGC-like EGCs were
consisted of three cases of Borrmann type I, three cases of Bor-
rmann type II, 18 cases of Borrmann type III, and one case
of Borrmann type IV. On the other hand, the macroscopic
appearance of 14 EGC-like AGCs were consisted of two cases
of elevated type, seven cases of depressive type, and five cases
of combined elevated and depressed types.

When we classified the stomach into four distinct region
(antrum, angle to low-body, mid-body to high-body, and car-
dia/fundus), AGC-like EGCs were mainly located on the an-
trum, angle and low-body, whereas EGC-like AGCs were
mainly located on the high-body, cardia, and fundus (Fig. 4).

Histological findings

Cell types of AGC-like EGCs and EGC-like AGCs were sig-
nificantly different (Table 1). According to the Lauren’s classi-
fication, most of AGC-like EGCs were intestinal type, whereas
most of EGC-like AGCs were diffuse type.

With regard to the depth of invasion, most of AGC-like
EGCs (72%) invaded the submucosal layer of the stomach.
Six cases (24%) invaded down to the first one-third of sub-
mucosal layer (sm1), three cases (12%) involved two-third of
submucosal layer (sm2), and nine cases (36%) all three parts
of submucosal layer (sm3), respectively. On the other hand,
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56% of EGC-like AGCs invaded muscularis propria layer.
Other four (28%) and two (14%) cases of EGC-like AGCs in-
vaded subserosa and adjacent structure, respectively.

MSI and mucin phenotype

There were no significant differences between AGC-like
EGCs and EGC-like AGCs with regard to the status of MSI
and mucin phenotypes (Table 1). There were only two MSI
cases among 25 AGC-like EGCs and only one MSI case among
14 EGC-like AGCs. Although it was statistically insignificant,
most (68%) of the AGC-like EGCs showed higher prevalence
of intestinal mucin phenotype, whereas EGC-like AGCs
showed higher prevalence of gastric mucin phenotype.

DISCUSSION

This study found significant clinicopathological differences
between AGC-like EGCs and EGC-like AGCs. AGC-like EGCs
were usually 1) located in the distal part of the stomach, 2) sho-
wed Lauren’s intestinal type, and 3) moderately differentiated
adenocarcinomas, while EGC-like AGCs were usually 1) lo-
cated in the proximal part of the stomach, 2) showed Lau-
rens diftuse type, and 3) poorly differentiated adenocarcino-
mas. These findings might be attributable to anatomical va-
riations inside the stomach, in which the wall thickness differs
according to the location. It is reported that the stomach wall
is thinner in the upper than in the lower part of the stomach:
the mean antral thicknesses of the anterior and posterior walls
were found to be 5.0£1.9 and 5.2+1.7 mm (mean+SD), res-
pectively, and 5.11£1.6 mm overall, whereas the gastric body
was found to be thinner (2.0+0.4 mm) than the gastric antrum.®
Therefore, we can assume that tumor cells can invade more
easily and deeply (i.e., into the proper muscle and beyond) in

Cardia and/or fundus
@ EGC mimicking AGC
O AGC mimicking EGC

Mid-body
to high-body

Angle to low-body

Antrum

Fig. 4. Locations of advanced gastric cancer (AGC)-like early
gastric cancers (EGCs) and EGC-like AGCs. AGC-like EGCs are
mostly located in the distal part of the stomach, whereas EGC-
like AGCs are mostly located in the proximal part of the stomach
(p<0.001).



the upper part of the stomach than in the thicker, lower part.
Care should therefore be taken during the diagnostic process,
since shallow-looking AGCs (so called EGC-like AGCs) in
the upper part of the stomach might lead to undertreatment,
such as endoscopic resection.

Our findings on the location of the lesions are consistent
with those of previous studies."** Interestingly, for the EGC-
like AGC, the rate of LN metastasis was low compared with
Borrmann-type cancer, and a curative resection was perfor-
med in 97.7% of the patients.” In the latter study, 38% of pro-
per muscle-layer cancers were diagnosed as AGC-like EGC
on macroscopic examination. Patients with these cancers were

Table 1. Clinicopathological Characteristics of AGC-Like EGCs
and EGC-Like AGCs

Characteristic AGC-like EGClike p-value
EGCs (n=25) AGCs (n=14)
Age, yr 59.84+12.47 61.6419.73  0.644
Gender, male:female 18:7 6:8 0.095
Tumor size, cm 5.720+2.471 4.271+2.482 0.088
Location <0.001%
Antrum 12 (48) 0
Angle to lower-body 13 (52) 4 (28)
Mid-body to high-body 0 7 (50)
Cardia and fundus 0 3(21)
Histological type 0.015¥
Well 1(4) 1(7)
Moderately 15 (60) 1(7)
Poorly 7 (28) 9 (64)
Signet ring cell 2(8) 3(21)
Lauren’s classification 0.020
Intestinal type 17 (68) 3(21)
Diffuse type 7 (28) 10 (71)
Mixed type 1(4) 1(7)
Mucin phenotype 0.096
Gastric type 4(16) 5(35)
Intestinal type 11 (68) 3(21)
Mixed type 8(32) 2(14)
Unclassified type 2(8) 4(28)
MSI 0.693
MSS 23(92) 13(93)
MSI-L 1(4) 0
MSI-H 1(4) 1(7)

Values are presented as meantSD or number (%).

AGC, advanced gastric cancer; EGC, early gastric cancer; MSI,
microsatellite instability; MSS, microsatellite stable; MSI-L, low in-
cidence of microsatellite stability; MSI-H, high incidence of mic-
rosatellite instability.

IStatistically significant.
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younger and the tumor occurred in the upper and middle re-
gions, factors differing from the situation in patients with Bor-
rmann type cancer. Another study revealed that when the tumor
was an elevated type or when it was located in the antrum,
the endoscopically estimated depth of tumor invasion tended
to be greater than the true depth." It has also been reported
that the accuracy of endoscopic staging tends to be lower for le-
sions located in the upper third of the stomach, with a flat and
depressed configuration, at least 1.0 cm in size, an undiffer-
entiated histology, or submucosal invasion.’

It was possible to distinguish between AGC-like EGCs and
EGC-like AGCs based on histological cell types in our study.
Lauren’s diffuse type and poorly differentiated adenocarcino-
mas were associated more with EGC-like AGCs than with
AGC-like EGCs, in line with the finding that these cancers fre-
quently exhibit an extensive and high degree of penetration.
This is consistent with our previous study that intestinal-type
gastric cancers are more often antral cancers that are related to
gastric adenoma, whereas diffuse-type gastric cancers are not."
Therefore, EGC-like AGCs tend to be more invasive - deeper
invasion or more LN metastasis - in their biological behavior.

The main limitation of our study is that we did not apply
endoscopic ultrasonography (EUS) or new imaging techni-
ques such as narrow band imaging or virtual gastroscopy.'"**
In a previous study comparing EUS and conventional endos-
copy for staging depth of invasion in early gastric cancer,
EUS was found to reduce misdiagnosis." In the gastric body-
cardia, conventional endoscopy showed a 23.9% of under-
staging rate due to its forward-viewing feature. The authors
explained that it is difficult to achieve frontal view of the le-
sion with a forward- viewing instrument, while it can be eas-
ily examined by EUS because of the laterally-directed ultra-
sound beam. Therefore, the combination of conventional en-
doscopy and EUS could be helpful for correct evaluating depth
of invasion, because EUS can compensate for understaging
of lesions by conventional endoscopy, especially in the upper
part of the stomach. Despite this limitation, our use of a 5-year
data-collection period revealed that AGC-like EGCs are
more frequently noticed than EGC-like AGCs because of the
higher incidence of gastric cancers in the distal part of the st-
omach than in the proximal part. In addition, the accuracy of
endoscopic diagnosis seems to decrease when the depth of in-
vasion is greater in EGC." This indicates that typical mucosal
cancers can be diagnosed easily as EGCs, but submucosal
cancers with further morphological changes in the folds so-
metimes obscure the depth of invasion, reducing the accuracy
of this diagnostic method.

In conclusion, AGC-like EGCs and EGC-like AGCs exhi-
bit different clinicopathological characteristics. We found that
the distal part of the stomach is commonly involved in AGC-
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like EGCs, whereas the proximal part of the stomach is com-
monly involved in EGC-like AGCs. Therefore, care should
be taken not to underestimate small AGCs in the high-body,
cardia, or fundus as EGCs. Similarly, care should be taken not
to overestimate large EGCs in the antrum, angle, and low-
body of the stomach as AGCs. Together, these findings sug-
gest that when evaluating the depth of a gastric cancer using
conventional endoscopy; great care should be taken not to over-
estimate distal gastric cancers and not to underestimate pro-
ximal gastric cancers, since the latter tend to be revealed as
poorly differentiated, Laurens diffuse-type cancers, and thus
invade deeper than indicated endoscopically.
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