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Abstract

Introduction: Although signet ring cell carcinoma (SRC) is a
poorly differentiated cancer subtype, recent studies suggest
that endoscopic resection can be applied in small, mucosal
early gastric SRC. However, other studies report frequent
positive lines at the lateral resection margin after endoscop-
ic treatment. Subepithelial spread beneath normal mucosa
can exist in SRC, and such lesions may be the cause of posi-
tive margins after endoscopic resection. Thus, we conducted
a retrospective study in order to evaluate the significance of
subepithelial spread in early gastric SRC. Method: Medical
records of early gastric SRC patients who underwent surgery
or endoscopic resection from January 2011 to December

2016 atasingle tertiary hospital (Daejeon, South Korea) were
reviewed to examine subepithelial spread and clinical da-
tum. Two expert pathologists reviewed all pathologic speci-
mens, and only patients showing a pure SRC component
were included. Results: Eighty-six patients were initially en-
rolled, and subepithelial spread existed in 62 patients
(72.1%). The mean distance of subepithelial spread was
1,132.1 pym, and the maximal distance was 6,000 pm. Only
discoloration was significantly associated with the presence
of a subepithelial spread (p < 0.05, X test, and logistic regres-
sion test). Distance of subepithelial spread did not correlate
with total lesion size. Conclusion: Subepithelial spread of
early gastric SRC occurs frequently and can reach up to 6
mm. Lesion discoloration may be associated with the pres-
ence of subepithelial spread. Our results suggest that careful
decision of the margin is needed when performing endo-
scopic resection of early gastric SRC.
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Introduction

Endoscopic resection is now widely accepted as a pri-
mary treatment option in early gastric cancer (EGC), es-
pecially in Korea and Japan [1, 2]. EGC is defined as a
cancer limited to the mucosal or submucosal layer irre-
spective of lymph node (LN) status [3]. The treatment
method, surgical or endoscopic resection, mainly de-
pends on risk of LN metastasis [4]. Gotoda et al. [5] sug-
gested low prevalence of LN metastasis in cases of shallow
submucosal invasion, size <3 cm without lymphatic or
venous permeation, and mucosal cancer without ulcer-
ation irrespective of its size. However, the possibility of
endoscopic resection in undifferentiated or poorly differ-
entiated EGC is still under debate. While recent meta-
analysis revealed that risk of LN metastasis was signifi-
cantly higher in undifferentiated EGC treated under the
expanded criteria of endoscopic submucosal dissection
(ESD) when compared to EGC treated under the absolute
criteria [6], other long-term follow-up studies showed
teasible level of recurrence and survival data in undiffer-
entiated EGC after ESD [7-9]. Although the complete re-
section rate is lower in undifferentiated EGC, only few
local recurrence and distant metastasis were observed af-
ter achievement of curative resection [7-10].

Signet ring cell carcinoma (SRC) is a subtype of diffuse
or undifferentiated cancer [11, 12]. Unlike other poorly
or undifferentiated cancers, early stage gastric SRC shows
favorable prognosis. In a previous Korean study, SRC had
lower LN metastasis and longer duration of survival than
non-SRC [13]. Follow-up studies revealed that early gas-

tric SRC smaller than 2 cm showed minimal risk of LN
metastasis, suggesting that early gastric SRC may be a
candidate for endoscopic resection [14-17]. However,
the previous retrospective studies were based on patho-
logic results obtained after surgical resection. Early gas-
tric SRC generally shows low curative resection after en-
doscopic resection due to lateral cut end-positivity [18].
Lateral cut end-positivity originates from the biologic be-
havior of SRC. Kim et al. [19] suggested two types of
growth pattern in SRC: expansive and infiltrative type.
Infiltrative type SRC is mostly located beneath normal
appearing mucosa, and atrophy (with or without intesti-
nal metaplasia) was the only risk factor for subepithelial
(SE) spreading of SRC [19].

Unfortunately, there is no research regarding the dis-
tance of SE spreading in SRC. Assessing the degree of lat-
eral spread in SRC could be of great value when deciding
the lateral margin for endoscopic resection in SRC. There-
fore, we aimed to study the maximal and average distance
of lateral spreading in early gastric SRC. Percentage of SE
spread and endoscopic, pathologic, and clinical factors
related with SE spread were also evaluated.

Material and Methods

Study Population

We reviewed medical records and pathologic specimens of ear-
ly gastric SRC patients who underwent surgery or endoscopic re-
section from January 2011 to December 2016 in Chungnam Na-
tional University Hospital. All patients were diagnosed as pure
SRC without other cell components. Patients who had mixed his-
tology with a SRC component and other cell types were excluded
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Fig. 1. Case of early gastric signet ring cell carcinoma showing perpendicular and horizontal spread. a The per-
pendicular spread makes submucosal invaded (pT1b), and typical mucosal erosion is terminated, which is the
margin of the tumor detected by endoscopy (red arrow) (H&E, x40). b The horizontal spread of SRC through
mucosa makes the difference (blue arrow; 1,500 um) of the tumor border between microscopically and endo-
scopically (red arrow) determined (H&E, x100).
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Table 1. Patients characteristics

Patients characteristics Patients, n
Gender (male:female) 52:34

Age (mean+SD) 56.4+12.473
Depth of invasion (M cancer:SM cancer) 69:17
Lymphovascular invasion (no:yes) 73:13

Lymph node invasion (no:yes, only surgical cases) 48:3

Presence of subepithelial spread 62/86, 72.1%
Atrophic gastrits (no:yes) 9:77
Helicobacter pylori (no:yes:unknown) 40:28:18
Distance of subepithelial spread from main mass, mean (minimum to maximal value) 1,132 pm (50-6,000 pm)
Endoscopic appearance (I:IIa:IIb:I1c:ITIT) 2:2:24:42:16
Location (cardia:UB:MB:LB:antrum:angle) 0:4:5:28:33:16
Color change (redness:discoloration:mixed) 28:23:35
Treatment method (operation:ESD) 51:35

SD, standard deviation; M, mucosal; SM, submucosal; UB, upper body; MB, mid-body; LB, lower body; ESD,

endoscopic submucosal dissection.

Fig. 2. Color changes of early gastric signet ring cell carcinoma: Redness (a), mixed (b), and discoloration (c).

because histologic heterogeneity might have influence on study
data. A total of 86 patients were enrolled. Subtotal or total gastrec-
tomy with D1 + a or D2 lymphadenectomy was performed, as well
as ESD. ESD were performed by 4 expert endoscopists who per-
formed >5,000 gastroscopies and 200 ESD procedures for EGC.
Surgery was conducted by 2 expert surgeons with experience of
performing >1,000 cases of gastrectomy.

Pathologic Examination

All pathologic specimens were reviewed by 2 expert patholo-
gists (Y.M.L. and K.S.S.). Pathological specimens obtained after
gastrectomy were sectioned at 4-mm intervals, and those obtained
after ESD were sectioned at 3-mm intervals. Distance of SE spread
was measured during pathologic review by calculating the distance
from the terminal of the surface lesion (cancer) to the other termi-
nal of SE spread (Fig. 1). Other pathologic data such as depth of
invasion, lymphovascular invasion, LN metastasis, and presence of
Helicobacter pylori were retrospectively evaluated with existing
pathologic medical records.
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Endoscopic Examination

All endoscopic procedures including ESD and preoperative
gastroscopy were performed with a video endoscope (H240 and
H260; Olympus Medical Systems, Tokyo, Japan), and chromoen-
doscopy with indigo-carmine was used occasionally. Endoscopic
pictures were reviewed by 1 endoscopist (S.H.K.). Endoscopic re-
view was performed with images saved in the picture archiving and
communication system (PACS) of Chungnam National Univer-
sity Hospital. Endoscopic appearance, color change, and location
were evaluated. Presence of atrophic gastritis was also evaluated.
Color change was defined as redness (patch erythematous change),
discoloration (disappearance of pinkish color of normal mucosa),
and mixed patterns (mixture of erythematous change and discol-
oration) (Fig. 2).

Statistical Methods

Statistical analysis was performed using the SPSS software (ver-
sion 18.0, Chicago, IL, USA). Univariate analysis using the x* test
and multivariate logistic regression analysis were performed to
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Table 2. Distances of subepithelial spread of early gastric signet
ring cell carcinoma from main mass

Table 3. Risk factors of presence of subepithelial (SE) spread

Risk factors Absence of Presence of p
Distance from main mass Patients, n SE spread  SE spread  value
<1,000 um 41/62, 66.1% Sex (male:female) 13:11 39:23 0.472
1,000 um< to <2,000 um 4/62, 6.5% Depth (M cancer:SM cancer)  21:3 48:14 0.231
2,000 um< to <3,000 pum 9/62, 14.5% LVI (yes:no) 1:23 12:50 0.069
3,000 pm< 8/62,12.9% LN metastasis (yes:no) 0:12 3:36 0.439
Atrophic gastritis (yes:no) 21:3 56:6 0.268
Helicobacter pylori (yes:no) 9:10 31:18 0.178
. I L . Size of lesion 0.412
Table 4. Risk factor of subepithelial spread (multivariate analysis) <1 em 10 20
1 cm<to <2 cm 7 24
Color change OR B-coefficient p value 2 cm< to <3 cm 6 10
3 cm< 1 8
Redness (reference) Endoscopic appearance 0.772
Discoloration 4117 (1.112-15.246) 1.415 0.034 0 1
Mixed 3.467 1.243 0.029 Ia 1 1
_ — _ IIb 6 19
OR, odd ratio. Logistic regression test. Ilc 14 28
111 3 13
Color change 0.028
Redness 13 15
find risk factors of SE spreading in SRC. Pearson correlation was Discoloration 4 19
Mixed 7 28

performed to evaluate relationship between superficial mass size
and length of SE spreading. The accepted level of statistical sig-
nificance was p < 0.05.

Results

Medical records of 86 pure SRC patients were assessed.
Number of male patients was 52, and mean age was 56.4
years. Fifty-one patients received gastrectomy, and ESD
was performed in the 35 patients. Presence of SE spread
was found in 62 patients (72.1%), and the mean distance
of SE spread was 1,132 um (50-6,000 um) in 62 patients.
The findings are listed in Table 1. Thirty-nine patients
from the surgery group and 23 patients from the ESD
group showed SE spread. There was no difference be-
tween the two groups in mean, median, minimum, and
maximal value of SE spread. SE spread in 41 patients was
<1,000 um (66.1%). Eight patients showed SE spread over
3,000 um (12.9%) (Table 2). Comparative analysis using
the x* test was performed between the absence and pres-
ence of SE spread. There were no differences in sex, inva-
sion depth, lymphovascular invasion, LN metastasis,
atrophic gastritis, presence of Helicobacter pylori, size of
lesion, and endoscopic appearance between the two
groups. Only color change seen by the endoscopic image
was significant (x* test, p = 0.028, Table 3). The presence
of discoloration and mixed pattern of color change (dis-
coloration + redness) significantly increased the risk of SE

Subepithelial Spread of Early Gastric SRC

M, mucosal; SM, submucosal; LVI, lymphovascular invasion;
LN, lymph node. ¥ test.

spread compared with redness (logistic regression test,
p < 0.05, Table 4). There was no correlation between
pathologically measured size of lesion and length of SE
spread (Spearman’s rank correlation, p = 0.708, r = 0.049,
Fig. 3).

Discussion

Despite the minimal risk of LN metastasis and good
prognosis, ESD had not been accepted as a standard treat-
ment in early gastric SRC. Unlike differentiated EGC, en
bloc endoscopic resection could not confirm complete re-
section in early gastric SRC mainly due to the lateral mar-
gin [18]. However, long-term outcome of ESD in undif-
ferentiated EGC showed acceptable level of recurrence in
cases of curative resection [10, 18]. Selection of eligible
cases and achievement of sufficient safety lateral margin
could make ESD an acceptable procedure in early gastric
SRC.

The cause of lateral cut end-positivity in early gastric
SRC originates from the biologic behavior of SRC [19].
The Infiltrative growth pattern of SRC gives rise to an un-
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Fig. 3. Correlation between superficial size of lesion and distance
of subepithelial spread. There was no definite correlation statisti-
cally (Pearson correlation).

detectable lesion beneath the normal mucosa. Physicians
are unable to detect SE spread of SRC with endoscopy.
Thus, it is very important to evaluate how far SE spreads.
To our knowledge, this study is the first to evaluate the
length of SE spread in early gastric SRC.

Our results show that SE spreading of early gastric SRC
can reach up to 6,000 um from the terminal end of the
surface lesion. A previous Korean study suggested that
the safety margin <3 mm was a risk factor of local recur-
rence [20]. Eight patients with SRC were enrolled in this
study, and 6 patients (75%) showed residual tumors. An-
other study showed that only 70% of early gastric SRC
showed complete resection after endoscopic resection
[18]. We presumed SE spread of SRC was the main cause
of this phenomenon since >70% of patients in our study
showed SE spread.

In a previous Korean study, mucosal invasion pattern
of early gastric SRC was classified into two types: infiltra-
tive and expanding type [19]. Expanding type was defined
as a tumor that had a margin that was clearly lined from
nonneoplastic mucosa, whereas infiltrative type was de-
fined as a tumor that showed diffuse spreading pattern.
Infiltrative type showed higher prevalence of atrophic
change and intestinal metaplasia than the expanding
type. However, tumor color was not different [19]. In
contrast to this previous study, our present results suggest
that discoloration and mixed pattern of color change are
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Fig. 4. Endoscopic feature of early gastric signet ring cell carcino-
ma. Gross margins are surrounded by the blue solid line, but the
real range of cancer may reach up the red dotted line.

significantly related with SE spread, while atrophic change
was not. The different results between studies may be due
to the absence of histologic analysis for atrophy and in-
testinal metaplasia in the present study. We are also un-
able to provide a theoretical explanation between SE
spread and tumor color. Compared to reddish lesion, risk
of SE spread was increased 3—4 times in discoloration and
mixed color. Our results suggest that endoscopists should
consider the presence of SE spread when a discolored
EGC lesion with signet ring cell histology is discovered.
Endoscopists must also be aware that cancer cells might
exist more widely than the visible range of the tumor
(Fig. 4).

A different Korean study suggested tumor size as a sig-
nificant factor for curative resection via ESD in early gas-
tric SRC [21]. It was assumed that the larger the lesion size
(early gastric SRC), the longer the SE spread. However,
there was no correlation between main mass size and dis-
tance of SE spread. Thus, the margin of early gastric SRC
should be determined at least 6 mm larger than the visible
range irrespective of lesion size.

Former studies regarding the risk of LN metastasis in
early gastric SRC insisted that early gastric SRC smaller
than 2 cm could be safely treated with endoscopic resec-
tion [14-17]. However, all of these former studies evalu-
ated postoperative pathologic specimens. Due to possibil-
ity of SE spread, discrepancy may exist between size esti-
mation of preoperative endoscopy and postoperative
pathologic evaluation. Thus, endoscopists should narrow
down the size criteria for indication of endoscopic resec-
tion in early gastric SRC.

Lee et al.



To avoid the positive line of resection after ESD in un-
differentiated cancer, 4 quadrant biopsy around the EGC
before ESD may be helpful. SE spread should be consid-
ered also for determining the ESD margin also in this sit-
uation. If the cancer was found in blind biopsy at the out-
er margin of EGC, the real margin might be wider than
expectation due to SE spread.

While our study is the first to estimate SE spread in
early gastric SRC, our study has several important limita-
tions. Our study was conducted with a relatively small
sample size in a single center. If more cases were included,
it is possible that the range of SE spread may differ. Also,
the status of atrophic gastritis was only evaluated by en-
doscopy, not through a pathologic exam. Another limita-
tion is that the presence of Helicobacter pylori was evalu-
ated with a pathologic specimen after surgery or ESD.
Routine exam with the urea breath test or rapid urease
test was not performed. In addition, there were differ-
ences between surgical resection specimens and ESD
specimens. Differences in the processing of pathologic
specimens between surgical resection and ESD may have
affected accurate assessment of SE spread. Moreover, SE
spread was measured only parallel to the section of spec-
imens.

In conclusion, SE spread of early gastric SRC was fre-
quent and prominent in lesions with discoloration. Irre-
spective of lesion size, SE spread may exceed maximally
6 mm in our study. Our results suggest that careful deci-
sion of lateral resection margin is needed when perform-
ing endoscopic resection of early gastric SRC. A wider
lateral margin is desirable in endoscopic resection of SRC
than other histologic type of EGC.
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