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Abstract

Background Endoscopic resection is performed in

undifferentiated-type early gastric cancer (UD-EGC),

including poorly differentiated (PD) adenocarcinoma and

signet ring cell (SRC) carcinoma. We previously found that

different approaches are needed for PD adenocarcinoma

and SRC carcinoma for curative resection. However,

according to the 2010 WHO classification, diffuse-type PD

adenocarcinoma and SRC carcinoma are categorized in the

‘‘poorly cohesive carcinomas.’’ Thus, we assessed whether

the WHO classification is helpful when endoscopic resec-

tion is performed for treatment of UD-EGC.

Methods We analyzed clinicopathological features of

1295 lesions with SRC carcinoma and PD adenocarcinoma

treated by open surgery. We recategorized them into

intestinal-type PD adenocarcinomas and poorly cohesive

carcinomas (SRC carcinoma, diffuse-type PD adenocarci-

noma). We also recategorized 176 lesions treated by

endoscopic resection into intestinal-type PD adenocarci-

nomas and poorly cohesive carcinomas.

Results According to the open surgery data, the rates of

lymph node metastasis (LNM) and lymphovascular

invasion were significantly lower in SRC carcinoma than in

diffuse-type and intestinal-type PD adenocarcinomas. The

rates of LNM and lymphovascular invasion were signifi-

cantly higher in diffuse-type PD adenocarcinoma than in

SRC carcinoma. Endoscopic resection data showed no

recurrence if the carcinoma was curatively resected.

However, the commonest cause of noncurative resection

was different in SRC carcinoma and PD adenocarcinoma.

A positive lateral margin was the commonest cause in SRC

carcinoma versus a positive vertical margin in both

intestinal-type and diffuse-type PD adenocarcinoma.

Conclusions The clinical behavior differs in diffuse-type

PD adenocarcinoma and SRC carcinoma. On the basis of

LNM and outcomes of endoscopic resection, the recent

WHO classification may not be helpful when endoscopic

resection is performed for treatment of UD-EGC.
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Introduction

The standard treatment for early gastric cancer (EGC) has

been open surgery. However, endoscopic resection became

a standard local treatment for some EGC cases without

lymph node metastasis (LNM) [1]. Initially, endoscopic

resection was applied primarily to EGC cases that were

differentiated, with a size of less than 2 cm, and present

only in the mucosa [2–4]. Now, the indications for endo-

scopic resection have been expanded through many studies.

The expanded criteria for endoscopic resection even

include cases of EGC of undifferentiated histological type

(undifferentiated-type EGC, UD-EGC), such as mucosal

cancer smaller than 2 cm with no ulcers [5]. Many studies
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have reported on the feasibility and effectiveness of

endoscopic resection for treatment of UD-EGC [6–9].

According to a study from our institution on the long-term

follow-up outcomes of endoscopic resection for treatment

of UD-EGC, there was no recurrence during the follow-up

period if curative resection had been performed after

endoscopic resection. When UD-EGC was divided into

poorly differentiated (PD) adenocarcinoma and signet ring

cell (SRC) carcinoma, noncurative resection occurred in

PD adenocarcinoma, because of it being vertical margin

positive, and in SRC carcinoma, because of it being lateral

margin positive. To achieve curative resection in UD-EGC,

the study suggested that a different approach may be nee-

ded because of the different characteristics of PD adeno-

carcinoma and SRC carcinoma [6, 10].

The Japanese classification, a commonly used histo-

logical classification for endoscopic resection today, sep-

arates EGC into differentiated and undifferentiated types

[11]. The previously used WHO histological classification

included both PD adenocarcinoma and SRC carcinoma in

UD-EGC. PD adenocarcinoma is classified into intestinal-

type PD adenocarcinoma and diffuse-type PD adenocarci-

noma, on the basis of the Lauren classification. However,

according to the recently published 2010 WHO classifica-

tion on stomach cancer, both diffuse-type PD adenocarci-

noma and SRC carcinoma are classified in the same

category, as poorly cohesive carcinomas, whereas intesti-

nal-type PD adenocarcinoma is classified separately [12].

The definitions of intestinal-type PD adenocarcinoma,

diffuse-type PD adenocarcinoma, and SRC carcinoma are

as follows: intestinal-type PD adenocarcinoma displays a

solid sheetlike proliferation with an alveolar pattern and

indistinct tubular differentiation; diffuse-type PD adeno-

carcinoma is acinar, trabecular, or consists of separate cells

or clusters of a few cells with diffuse infiltration; SRC

carcinoma is a unique subtype of mucin-producing ade-

nocarcinoma characterized by abundant intracellular mucin

accumulation and a compressed nucleus displaced toward

one extremity of the cell.

We sought to determine whether it is clinically appropriate

to classify diffuse-type PD adenocarcinoma and SRC carci-

noma in the same category, as poorly cohesive carcinomas,

from a biological behavior viewpoint. We thus assessed

whether the 2010 WHO classification is helpful when endo-

scopic resection is performed for treatment of UD-EGC.

Patients and methods

We studied 1338 patients with UD-EGC who underwent

open surgery and 209 patients with UD-EGC who under-

went endoscopic resection at Gangnam Severance Hospital

from January 2005 to December 2012.

We performed a retrospective study and assessed two

groups. First, to analyze the biological behavior of poorly

cohesive carcinomas, we assessed a group of patients with

UD-EGC who underwent open surgery. Second, to assess

the usefulness of the new WHO classification for endo-

scopic resection, we evaluated UD-EGC patients who

underwent endoscopic resection. Among the 1338 UD-

EGC patients who underwent open surgery, we selected

1295 patients who had intestinal-type PD adenocarcinoma

and poorly cohesive carcinoma on the basis of the 2010

WHO classification. Of the 209 UD-EGC patients who

underwent endoscopic resection, we selected 176 patients

with intestinal-type PD adenocarcinoma and poorly cohe-

sive carcinoma. We analyzed the selected EGC using the

WHO, Japanese, and Lauren histological classification

methods.

The 2010 WHO histological classification recognizes

four major histological patterns: tubular, papillary, muci-

nous, and poorly cohesive (including SRC carcinoma) [12].

In the Japanese classification system, well and moderately

differentiated tubular adenocarcinoma and papillary ade-

nocarcinoma are classified as differentiated type, and PD

adenocarcinoma and SRC carcinoma are classified as

undifferentiated type [11, 13]. In the Lauren classification

system, intestinal-type and diffuse-type adenocarcinomas

are the two major histological subtypes [14].

Tumor locations were categorized by the longitudinal

axis and cross-sectional circumference of the stomach. The

longitudinal axis of the stomach was divided into three

sections: the upper third, containing the fundus, cardia, and

upper body; the middle third, containing the middle body,

lower body, and angle; and the lower third, containing the

antrum and pylorus. The cross-sectional circumference was

divided into four areas: lesser curvature, posterior wall,

greater curvature, and anterior wall. Endoscopic findings of

the tumors were classified by predominant type according

to the classification system of the Japanese Research

Society for Gastric Cancer. The protruded type and

superficial elevated type were classified as elevated type.

The superficial flat type was classified as flat type. On the

basis of a previous study, the superficial depressed type and

the excavated type were classified as depressed type [15].

The Institutional Review Board of Gangnam Severance

Hospital approved this study.

Statistical analysis

The v2 test was used to examine associations among cat-

egorical variables, and the t test was used for noncategor-

ical variables. A p value less than 0.05 was considered to

indicate statistical significance. All analyses were per-

formed with SPSS (version 18.0 for Windows; SPSS,

Chicago, IL, USA).
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Results

Baseline characteristics of patients with UD-EGC

The clinical characteristics of UD-EGC patients in the

present study are shown in Table 1. We analyzed the

intestinal-type PD adenocarcinoma, diffuse-type PD ade-

nocarcinoma, and SRC carcinoma patients, noting the

following characteristics. SRC carcinoma patients were

significantly younger, included more females, and had

more lesions of flat type in gross appearance than the

intestinal-type PD adenocarcinoma and diffuse-type PD

adenocarcinoma patients. Among patients who underwent

endoscopic resection, SRC carcinoma patients were

younger and included more females than the other two

groups. There was no significant difference in the location

of the cancer in all three groups in those who underwent

open surgery or endoscopic resection.

Comparisons among UD-EGC in terms

of the biological behavior in open surgery data

The biological behavior, including LNM, was analyzed

according to the histological types of UD-EGC in the

patients who underwent open surgery (Table 2). The rate of

LNM was 15.8 % in intestinal-type PD adenocarcinoma,

13.5 % in diffuse-type PD adenocarcinoma, and 6.3 % in

SRC carcinoma, with the rate being significantly lower in

SRC carcinoma. Positivity of lymphovascular invasion

(LVI) showed results similar to LNM. LVI was also

observed to be significantly lower in SRC carcinoma versus

the other two groups. There was no significant difference in

perineural invasion among the groups. For the depth of

invasion, there was a significantly greater rate of mucosa-

confined lesions in SRC carcinoma than in intestinal-type

PD adenocarcinoma or diffuse-type PD adenocarcinoma.

However, within the expanded criteria for endoscopic

resection, there was no LNM in any group (Table 3).

Comparison among UD-EGC in terms

of therapeutic outcomes of endoscopic resection

We then assessed the 176 patients with UD-EGC who

underwent endoscopic resection. Of these patients, 34

(19.3 %) had intestinal-type PD adenocarcinoma, 23

(13.1 %) had diffuse-type PD adenocarcinoma, and 119

(67.6 %) had SRC carcinoma. In all intestinal-type PD

adenocarcinoma, diffuse-type PD adenocarcinoma, and

SRC carcinoma patients, there was no cancer recurrence

during the follow-up period (30.6 ± 19.5 months) if

curative resection was achieved through endoscopic

resection. Overall long-term clinical outcomes after endo-

scopic resection are summarized in Fig. 1.

Table 4 shows the therapeutic outcomes after endo-

scopic resection in UD-EGC. There was no significant

difference in the success rate of en bloc resection and

curative resection among the three groups. However, the

causes of noncurative resection did differ significantly. In

both intestinal-type PD adenocarcinoma and diffuse-type

PD adenocarcinoma, vertical margin positivity was the

commonest cause of noncurative resection, whereas lateral

margin positivity was the commonest cause of noncurative

resection in SRC carcinoma.

Discussion

The indication for endoscopic resection has been expand-

ing as a standard local treatment for selective EGC [5].

Today, the indication for endoscopic resection is decided

by classification of EGC into differentiated and undiffer-

entiated types on the basis of the Japanese classification.

According to the previous WHO classification, the undif-

ferentiated type included SRC carcinoma and PD adeno-

carcinoma. PD adenocarcinoma can be classified into

diffuse-type PD adenocarcinoma and intestinal-type PD

adenocarcinoma on the basis of the Lauren classification.

The 2010 WHO classification categorizes both diffuse-type

PD adenocarcinoma and SRC carcinoma in the same group

as poorly cohesive carcinomas [12].

On the basis of our previous reports, the long-term

outcomes of endoscopic resection did not differ between

PD adenocarcinoma and SRC carcinoma; however, the

main cause of noncurative resection was different between

PD adenocarcinoma and SRC carcinoma. Thus, we inves-

tigated whether the recent WHO histological classification

could be helpful when endoscopic resection is performed

for treatment of UD-EGC [6, 10]. To the best of our

knowledge, the work reported here is the first investigating

clinical behavior in EGC on the basis of the recent WHO

histological classification.

The recent WHO classification for gastric cancer was

based on morphological patterns and did not consider

histogenesis, differentiation, or epidemiological data to

achieve harmonization of the histological typing of gas-

trointestinal tract carcinoma [16]. However, according to

our data, the clinical behavior differs between diffuse-type

PD adenocarcinoma and SRC carcinoma, which are both

categorized as poorly cohesive carcinomas.

According to the gastrectomy cases, diffuse-type PD

adenocarcinoma and SRC carcinoma, which are both cat-

egorized as poorly cohesive carcinomas, showed different

clinical behavior. Diffuse-type PD adenocarcinoma

showed a higher rate of LNM and LVI than SRC carci-

noma, similarly to intestinal-type PD adenocarcinoma. The

rate of submucosal invasion was higher in diffuse-type PD
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Table 1 Clinical characteristic of the patients with early gastric cancer of undifferentiated histological type

Patients who underwent open surgery

Intestinal-type PD adenocarcinoma

(n = 183, 14.1 %)

Diffuse-type PD adenocarcinoma

(n = 185, 14.3 %)

SRC carcinoma

(n = 927, 71.6 %)

p

Mean age ± SD

(years)

58 ± 10 55 ± 12 52 ± 11 \0.001

Male 131 (71.6 %) 114 (61.6 %) 451 (48.7 %) \0.001

Mean size ± SD

(mm)

22.7 ± 14.6 25.7 ± 21.9 24.2 ± 14.9 0.212

Location 0.394

Upper third 19 (10.4 %) 25 (13.5 %) 88 (9.5 %)

Middle third 47 (25.7 %) 44 (23.8 %) 208 (22.4 %)

Lower third 117 (63.9 %) 116 (62.7 %) 631 (68.1 %)

Gross appearance \0.001

Elevated 37 (20.2 %) 34 (18.4 %) 76 (8.2 %)

Flat 40 (21.9 %) 48 (25.9 %) 323 (34.8 %)

Depressed 106 (57.9 %) 103 (55.7 %) 528 (57.0 %)

Helicobacter pylori

positivitya
19 (51.4 %) 21 (53.8 %) 144 (65.8 %) 0.123

Smoking statusa

Current smoker 7 (24.1 %) 8 (26.7 %) 50 (38.8 %) 0.127

Ex-smoker 18 (62.1 %) 13 (43.3 %) 62 (48.1 %)

Nonsmoker 4 (13.8 %) 9 (30.0 %) 17 (13.1 %)

Alcohol drinkera 16 (55.2 %) 18 (60.0 %) 74 (57.4 %) 0.932

Patients who underwent endoscopic resection

Intestinal-type PD adenocarcinoma

(n = 34, 19.3 %)

Diffuse-type PD adenocarcinoma

(n = 23, 13.1 %)

SRC carcinoma (n = 119,

67.6 %)

p

Mean age ± SD

(years)

64.5 ± 10.7 56.4 ± 10.7 53.9 ± 13.2 0.048

Male 21 (61.8 %) 13 (56.5 %) 56 (47.1 %) 0.283

Mean size ± SD (mm) 18.2 ± 16.9 16.7 ± 11.9 16.0 ± 10.2 0.149

Location 0.898

Upper third 2 (5.9 %) 1 (4.3 %) 6 (5.1 %)

Middle third 11 (32.4 %) 9 (39.2 %) 50 (42.0 %)

Lower third 21 (61.8 %) 13 (56.5 %) 63 (52.9 %)

Gross appearance 0.048

Elevated 11 (32.4 %) 2 (8.7 %) 26 (21.8 %)

Flat 5 (14.7 %) 6 (26.1 %) 42 (35.3 %)

Depressed 18 (52.9 %) 15 (65.2 %) 51 (42.9 %)

Helicobacter pylori

positivitya
10 (35.7 %) 8 (50.0 %) 61 (67.0 %) 0.010

Smoking statusa 0.602

Current smoker 9 (37.5 %) 5 (29.4 %) 22 (25.9 %)

Ex-smoker 8 (33.3 %) 5 (29.4 %) 38 (44.7 %)

Nonsmoker 7 (29.2 %) 7 (41.2 %) 25 (29.4 %)

Alcohol drinker a 12 (50.0 %) 8 (47.1 %) 34 (40.0 %) 0.636

PD poorly differentiated, SD standard deviation, SRC signet ring cell
a Data were analyzed for the patients for whom data were available
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adenocarcinoma than in SRC carcinoma. When endoscopic

resection is applied in EGC, biological behavior, such as

LNM, LVI, and depth of invasion, is important. However,

the types of behavior were quite different between diffuse-

type PD adenocarcinoma and SRC carcinoma, which are

both categorized as poorly cohesive carcinomas in the 2010

WHO classification system. Indeed, diffuse-type PD

adenocarcinoma shows biological behavior more similar to

intestinal-type PD adenocarcinoma than to SRC carcinoma.

Previous studies have shown that SRC carcinoma in the

stomach significantly differs from gastric adenocarcinoma

[17, 18]. Gene expression data also showed that SRC

carcinoma may be a completely distinct entity [17, 18].

Furthermore, Konno-Shimizu et al. [19] found that

Table 2 Comparison among early gastric cancer of undifferentiated histological type in terms of the biological behavior in open surgery patients

Intestinal-type PD adenocarcinoma

(n = 183, 14.1 %)

Diffuse-type PD adenocarcinoma

(n = 185, 14.3 %)

SRC carcinoma

(n = 927, 71.6 %)

p

Presence of LNM 29 (15.8 %) 25 (13.5 %) 58 (6.3 %) \0.001

Mean number of

LNM ± SD

0.7 ± 3.1 0.3 ± 0.9 0.3 ± 1.9 0.081

LVI positivity 31 (16.9 %) 33 (17.8 %) 47 (5.1 %) \0.001

PNI positivity 11 (6 %) 9 (4.9 %) 21 (2.3 %) 0.182

Depth of invasion \0.001

Mucosa 77 (42.1 %) 66 (35.7 %) 649 (70.0 %)

Submucosa 106 (57.9 %) 119 (64.3 %) 278 (30.0 %)

LNM lymph node metastasis, LVI lymphovascular invasion, PD poorly differentiated, PNI perineural invasion, SD standard deviation, SRC signet

ring cell

Table 3 Early gastric cancer of

undifferentiated histological

type within the expanded

criteria for endoscopic resection

Expanded criteria Lymph node metastasis

Intestinal-type PD adenocarcinoma 25/183 (13.7 %) 0/25

Poorly cohesive carcinoma

SRC carcinoma 189/927 (20.4 %) 0/189

Diffuse-type PD adenocarcinoma 31/185 (16.8 %) 0/31

PD poorly differentiated, SRC signet ring cell

Fig. 1 Clinical courses after endoscopic resection (ER) for early

gastric cancer of undifferentiated histological type. The numbers in

the boxes indicate the number of cases. APC argon plasma

coagulation, CR curative resection, CTx, Op open surgery, PD poorly

differentiated adenocarcinoma, Recur recurrence, SRC signet ring cell

carcinoma
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cathepsin E (CTSE) is a marker for SRC carcinoma of the

stomach. CTSE showed different expression between SRC

carcinoma and PD adenocarcinoma [19]. Gastric SRC

carcinoma showed distinctive gene expression, such as

high expression of CTSE and MUC5AC but low expression

of MUC2 in both tumors and background mucosa [19].

These findings suggest that gastric SRC carcinoma may be

different from PD adenocarcinoma.

When analyzing LNM within the expanded criteria of

endoscopic resection, we found that no UD-EGC showed

any LNM. That is, there was no additional information

from the recent WHO histological classification in UD-

EGC. Furthermore, considering the outcomes of endo-

scopic resection, the recent WHO histological classification

was less informative than the previous WHO classification

in UD-EGC. That is, the long-term outcome of no cancer

recurrence was the same for all three groups if curative

resection was achieved. Thus, the current criteria for

endoscopic resection may be sufficient to decide on the

feasibility and curability of endoscopic resection in UD-

EGC. However, similarly to the study results previously

published by our institution, the causes of noncurative

resection did differ between SRC carcinoma and PD ade-

nocarcinoma (both intestinal type and diffuse type). The

causes of noncurative resection were also different between

patients with diffuse-type PD adenocarcinoma and patients

with SRC carcinoma, which are both categorized in the

same group, as poorly cohesive carcinomas. Thus, the

recent WHO classification system is not helpful for clinical

outcomes after endoscopic resection . Instead, to prevent

noncurative resection during endoscopic resection, we can

apply the previous WHO classification system, which

separated PD adenocarcinoma and SRC carcinoma. That is,

the previous WHO classification system may be helpful to

prevent noncurative resection during endoscopic resection

among the current histological classifications of gastric

cancer. Because our study analyzed only clinical behavior

in UD-EGC, further studies may be needed to assess the

clinical significance of the WHO histological classification

for stomach cancer.

This study had a limitation in terms of its retrospective

design, and could not demonstrate all significant factors in

all of the subjects.

In conclusion, the clinical behavior differs between

diffuse-type PD adenocarcinoma and SRC carcinoma,

which are both categorized as poorly cohesive carcinomas

under the WHO classification. For LNM and outcomes of

endoscopic resection, the recent WHO classification may

not be helpful when endoscopic resection is performed for

treatment of UD-EGC.
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