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Abstract

Background Safety of endoscopic resection (ER) for

early gastric cancers (EGC) with mixed histology pre-

dominantly of differentiated type has not been securely

established, since those lesions tend to exhibit lymph node

metastasis, compared to pure differentiated type. The pur-

pose of this study was to evaluate clinicopathologic char-

acteristics, therapeutic outcomes, and risk for lymph node

metastasis in predominantly differentiated mixed EGC

treated by ER.

Methods A total of 1,016 patients with 1,039 EGCs

underwent ER between January 2007 and June 2013.

Enrolled lesions were divided into groups of either pure

differentiated (n = 1,011) or predominantly differentiated

mixed (n = 28), according to the presence of mixed his-

tology predominantly of differentiated type in ER

specimen.

Results Mixed histology predominantly of differentiated

type was diagnosed in 2.7 % of lesions. Larger size, mid-

third location, and moderately differentiated histology on

forceps biopsy were independent risk factors for the pre-

dominantly differentiated mixed histologic type of EGC in

multivariate analysis. En bloc resection rate tended to be

lower, and complete and curative resection rates were

significantly lower in the predominantly differentiated

mixed group. The rate of lymph node metastasis in the

lesions with additional operation tended to be higher, in

this mixed histology group.

Conclusions Larger size, mid-third location, and moder-

ately differentiated histology on forceps biopsy carry the

significant risk for mixed histology predominantly of dif-

ferentiated type. EGC with predominantly differentiated

mixed histologic type affects therapeutic outcomes and

consequent clinical course accompanied by possibly higher

risk for lymph node metastasis. The safety of ER for pre-

dominantly differentiated mixed EGC should be validated

by further prospective investigation.
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Abbreviations

EGC Early gastric cancer

ER Endoscopic resection

EMR Endoscopic mucosal resection

ESD Endoscopic submucosal dissection

EUS Endoscopic ultrasound

In eastern countries that have a high prevalence of gastric

cancer [1, 2], endoscopic resection (ER), including endo-

scopic mucosal resection (EMR) and endoscopic submu-

cosal dissection (ESD), is a curative treatment option for

some early gastric cancers (EGC) [3–6]. Recently, con-

siderable data also have been reported from the Western

world as ER is gaining wide acceptance [7]. The standard

and expanded indications for ER of EGC primarily include

differentiated histologic type [8, 9]. Because EGCs with

undifferentiated histology carry an increased risk of lymph

node metastasis [9–12], they are only indicated for ESD in
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extremely limited cases. Undifferentiated EGC must be

intramucosal, with no evidence of ulceration, and B2 cm in

diameter, to be amenable to treatment with ESD [13].

Thus, the precise histologic diagnosis of differentiated

versus undifferentiated type is critical for deciding upon

treatment: ER versus surgical resection.

However, some gastric tumors include a mixture of

differentiated and undifferentiated components. Gastric

cancers that include a mixture of differentiated and

undifferentiated components are classified according to the

predominant histologic type by the World Health Organi-

zation classification of gastrointestinal tumors [14]. Earlier

surgical series revealed that EGCs with mixed histology

predominantly of differentiated type tended to exhibit a

higher incidence of nodal invasion than pure differentiated

EGCs [15, 16]. Since a very low probability of lymph node

metastasis is the most fundamental condition for endo-

scopic treatment of EGC, the safety of ER for EGC with

mixed histology predominantly of differentiated type has

not been securely established. Moreover, the feasibility of

successful resection of predominantly differentiated mixed

EGC by ER has not been proven definitively.

Despite the prognostic importance of mixed histology

predominantly of differentiated type in ER for EGC, no

studies have ever investigated outcomes of ER for pre-

dominantly differentiated mixed EGC, compared to those

in pure differentiated EGC. Therefore, the purposes of this

study were to evaluate the clinicopathologic characteristics

predictive of predominantly differentiated mixed EGC and

to assess the clinical implications of predominantly dif-

ferentiated mixed histologic type in terms of therapeutic

outcomes, clinical course after ER, and risk for lymph node

metastasis.

Methods

Patients

A total of 1,016 consecutive patients with 1,039 differen-

tiated lesions were enrolled between January 2007 and

June 2013 at a high-volume tertiary referral center. All

patients underwent ER for EGC, according to standard and

expanded indications [13], and lesions were diagnosed as

solely well-differentiated (n = 684) or solely moderately-

differentiated (n = 327) or predominantly differentiated

mixed adenocarcinomas (n = 28) in specimens obtained

by ER. Enrolled lesions were categorized into the follow-

ing two groups, according to the presence of mixed his-

tology predominantly of differentiated type in specimen

obtained by ER: pure differentiated (n = 1,011) or pre-

dominantly differentiated mixed (n = 28). The mixed

histology predominantly of differentiated type consisted of

a major differentiated component, and a minor undiffer-

entiated component which was more than 0 % but less than

50 % in the lesion.

We reviewed the clinical, endoscopic, and histologic

data which were prospectively collected. Written informed

consents explaining possible procedure-related risks,

complications, and alternative surgical options, were

obtained from all patients before ER. This study was

approved by the Institutional Review Board of Yonsei

University College of Medicine, Korea.

Histologic diagnosis

A single pathologist in our hospital was involved in the

histologic diagnosis in this study. After resection, ER

specimens were only minimally stretched to avoid over-

extension, pinned on a styrofoam board, and immediately

immersed in formalin fixative for 4 h. Fixed specimens

were sectioned serially at 2-mm intervals, and entirely

embedded in paraffin. Histologic diagnoses were per-

formed based on the World Health Organization classifi-

cation of gastrointestinal tumors [14, 17]. The histologic

diagnoses were divided into two categories, based on the

Japanese Classification of Gastric Carcinoma, as either

differentiated or undifferentiated histologic type [18]. The

differentiated histologic type included well-differentiated

adenocarcinoma, moderately differentiated adenocarci-

noma, and papillary adenocarcinoma. The undifferentiated

histologic type consisted of poorly differentiated adeno-

carcinoma, signet-ring cell carcinoma, and mucinous ade-

nocarcinoma. When a tumor consisted of more than one

histologic type, a diagnosis of mixed histology was docu-

mented, with differentiation of major and minor compo-

nents and their respective proportions.

Clinicopathologic characteristics

The size was based on pathologic size, with classification

of no larger than 20 mm and larger than 20 mm. The

location of lesions was divided into three sections by cat-

egorization of the longitudinal axis of the stomach (upper

third containing the fundus, cardia, and upper body; mid-

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

lower third containing the antrum and pylorus) and four

sections by categorization of the cross-sectional circum-

ference of the stomach (lesser curvature, posterior wall,

greater curvature, and anterior wall). Macroscopic type was

determined according to the macroscopic classification of

EGC by the Japanese gastric cancer association [18]. In

addition, macroscopic types were grouped as elevated, flat,

or depressed types [19]. Submucosal invasion was evalu-

ated by the endoscopic ultrasound (EUS) in a selected
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group of patients (572/1,039, 55.1 %) and was confirmed

by histologic diagnosis.

Endoscopic resection

ER methods included EMR (including the injection-and-

cut technique, EMR with the cap technique, and EMR by a

snare after circumferential precutting with a knife) and

ESD. The details of ER were described previously [19].

Therapeutic outcomes

The therapeutic outcomes of ER were classified as en bloc

resection, complete resection, or curative resection. En

bloc resection was defined as resection in a one-piece

fashion, with no evidence of residual tumor by endoscope.

Complete resection was defined as en bloc resection, with

no evidence of cancer cells at any cut end and no lym-

phovascular invasion [20]. Incomplete resection was

defined as resection that did not meet the complete resec-

tion criteria. Curative resection was defined as complete

resection with no submucosal invasion deeper than 500 lm
from the muscularis mucosa [21]. Non-curative resection

was defined as resection that did not meet the curative

resection criteria.

Statistical analysis

The v2 test or Fisher’s exact test was used to test cate-

gorical data. The Student’s t test or Mann–Whitney U test

was used for non-categorical data. Multivariate logistic

regression analysis was performed to assess the relation-

ship of clinicopathological characteristics and mixed his-

tology predominantly of differentiated type. Characteristics

with a univariate significance of P\ 0.05 were candidates

for multivariate analysis. The exception was submucosal

invasion of the tumor determined by EUS, because EUS

was only performed in a subpopulation of patients.

P\ 0.05 was considered statistically significant. Statistical

analysis was performed using the SAS program (version

9.2, SAS Institute, Cary, NC, USA).

Results

Baseline characteristics of patients

A total of 1,016 patients with 1,039 EGCs (795 men and

244 women; mean age, 59.5 ± 9.8 years) were treated by

ER. Specifically, 18 EMRs and 1,021 ESDs were per-

formed. Mixed histology predominantly of differentiated

type was diagnosed in 2.7 % (28/1,039) of lesions. The

minor components in the predominantly differentiated

mixed group included poorly differentiated adenocarcino-

mas (n = 7), signet-ring cell carcinomas (n = 15), and

mucinous adenocarcinomas (n = 6).

The baseline characteristics of lesions are shown in

Table 1. There were no significant differences in baseline

characteristics between the pure differentiated group and

the predominantly differentiated mixed group, including

sex, alcohol, smoking, comorbidities, use of antiplatelets,

and use of anticoagulation, with the exception of younger

age in the predominantly differentiated mixed group.

Clinicopathological characteristics related to mixed

histology predominantly of differentiated type

Univariate analysis of clinicopathological features between

the two groups is listed in Table 2. Larger size (P\ 0.001),

location in the mid-third of the stomach (P = 0.013), sub-

mucosal invasion determined by EUS (P = 0.019), and

moderately differentiated histology in specimens obtained

by forceps biopsy (P = 0.001) were significantly associated

with the predominantly differentiated mixed group, com-

pared with the pure differentiated group.

In amultivariate analysis, larger size (OR = 3.96, 95 %CI

1.99–7.88,P\ 0.001), mid-third location (OR = 2.64, 95 %

CI 1.28–5.45, P = 0.009), and moderately differentiated

histology on forceps biopsy (OR = 3.59, 95 %CI 1.77–7.26,

P\ 0.001) were independent risk factors for the mixed his-

tology predominantly of differentiated type (Table 3).

We assessed characteristics of the endoscopic proce-

dure, including procedure time during ER and complica-

tions of ER. The overall median ER time was 50 min

(range 8–300 min). The overall complication rates for

bleeding and perforation were 4.8 % (50/1,039) and 3.5 %

(36/1,039), respectively. There were no significant differ-

ences between the two groups in terms of the ER procedure

time and bleeding and perforation rates.

Therapeutic outcomes

The therapeutic outcomes in the two groups are summa-

rized in Table 4. The overall en bloc resection, complete

resection, and curative resection rates were 93.3 % (969/

1,039), 85.8 % (891/1,039), and 82.2 % (854/1,039),

respectively. The predominantly differentiated mixed

group tended to have a lower en bloc resection rate

(P = 0.114). Significantly lower rates of complete resec-

tion (P = 0.003) and curative resection (P = 0.009) were

detected in the predominantly differentiated mixed group,

compared with the pure differentiated group. Evidence of

cancer invasion at the lateral cut end (P = 0.037) and

lymphovascular invasion (P = 0.018) were also statisti-

cally higher in the predominantly differentiated mixed

group, compared to the pure differentiated group.
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The overall clinical course of patients is shown in Fig. 1.

Non-curative resection was performed on 17.8 % (185/

1,039) of lesions and consisted of 174 lesions from the pure

differentiated group and 11 lesions from the predominantly

differentiated mixed group. Of the 185 lesions that had non-

curative resection, 57.3 % of lesions (106/185) underwent

additional operations after ER. The rates of additional

operation due to non-curative resection were 9.8 % (99/

1,011) and 25.0 % (7/28) in the two groups, respectively,

which was significantly different (P = 0.018). Of the 106

lesions with additional operations due to non-curative

resection, 7.5 % of lesions (8/106) exhibited lymph node

metastasis. The rates of lymph node metastasis in the lesions

with additional operation were 6.1 % (6/99) and 28.6 % (2/

7) in the two groups, respectively. The predominantly dif-

ferentiated mixed group tended to exhibit higher nodal

invasion (P = 0.087).

Discussion

The present study focused on the clinicopathologic char-

acteristics predictive of predominantly differentiated mixed

histology, and the therapeutic outcomes and risk for lymph

node metastasis of predominantly differentiated mixed

EGC treated by ER.

Mixed histology predominantly of differentiated type in

ER specimens was diagnosed in 2.7 % (28/1,039) of

lesions in the study. In contrast, earlier studies using sur-

gical specimens revealed that EGCs with predominantly

differentiated mixed histology were 13.2 % of intramuco-

sal cancers and 27.7 % of submucosal cancers [15, 16]. We

attributed these discrepancies to different inclusion criteria

between our study and previous surgical studies, because,

to date, the indications for ER have only been applied to a

limited subset of EGC patients. Moreover, the clinico-

pathologic features associated with mixed histology pre-

dominantly of differentiated type has not been proven

definitively by these studies.

In the present study, larger size, mid-third location of

tumor, and moderately differentiated histology on forceps

biopsy were significantly associated with mixed histology

predominantly of differentiated type in multivariate ana-

lysis. This was consistent with earlier studies which

showed that larger size and a moderately differentiated

major component correlated with mixed histology in EGC

treated with surgery [15, 22, 23]. Nonetheless, these studies

failed to distinguish the predominantly differentiated

mixed versus predominantly undifferentiated mixed histo-

logic types in EGCs with mixed histology [22, 23]. In the

current study, the association of larger size with predomi-

nantly differentiated mixed histologic type may be due to

an increased chance of developing a tumor with a hetero-

geneous composition of malignant cells in larger malignant

lesions [24]. Furthermore, signet-ring cell carcinoma was

the most common minor component (53.6 %, 15/28) in our

study. This finding may contribute to the associations of

younger age and mid-third location with the predominantly

differentiated mixed group [25, 26].

To date, therapeutic outcomes of predominantly differ-

entiated mixed EGC have not been evaluated. The en bloc

resection, complete resection, and curative resection rates

in the predominantly differentiated mixed group were

85.7 % (24/28), 64.3 % (18/28), and 60.7 % (17/28),

respectively. These results were comparable to the reported

therapeutic outcomes of ER for undifferentiated EGC of

83.1–100 % for en bloc resection, 55.0–90.7 % for com-

plete resection, and 31.1–82.5 % for curative resection [19,

Table 1 Baseline characteristics of 1,039 early gastric cancers from 1,016 patients undergoing endoscopic resection

Characteristic Total

(n = 1,039)

Pure differentiated

(n = 1,011)

Predominantly differentiated

mixed (n = 28)

P value

Age (years) 66.5 ± 9.8 66.7 ± 9.7 61.4 ± 11.8 0.005

Male sex 795 (76.5) 775 (76.7) 20 (71.4) 0.502

Alcohol 538 (51.8) 527 (52.1) 11 (39.3) 0.187

Smoking 476 (45.8) 464 (45.9) 12 (42.9) 0.848

Comorbidity 0.632

Diabetes mellitus 174 (16.7) 167 (16.5) 7 (25.0)

Hypertension 405 (39.0) 392 (38.8) 13 (46.4)

Chronic liver disease 34 (3.3) 34 (3.4) 0 (0)

Cardiac disease 87 (8.4) 86 (8.5) 1 (3.6)

Renal disease 13 (1.2) 12 (1.2) 1 (3.6)

Use of antiplatelets 180 (17.3) 175 (17.3) 5 (17.9) [0.999

Use of anticoagulation 14 (1.3) 14 (1.4) 0 (0) [0.999

Data are expressed as mean with standard deviation or n (%)
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20, 27–32]. In addition, our data were also compatible with

the treatment outcomes of ER for EGC with undifferenti-

ated type in our center which ranged from 64.3 to 67.2 %

in the earlier studies [19, 33]. However, outcomes in our

study were much worse than the outcomes of ER for dif-

ferentiated EGC of 86.1–97.0 % for en bloc resection,

88.9–93.4 % for complete resection, and 91.3–94.7 % for

curative resection [21, 34–37]. The outcomes of the pre-

dominantly differentiated mixed group were also signifi-

cantly lower than those of the pure differentiated group.

We attributed these unsatisfactory outcomes in the pre-

dominantly differentiated mixed group to higher lateral cut

end-positivity for cancer cells. This may be due to an ill-

defined marginal delineation and intramucosal lateral

spread originating from distinct biologic features of the

undifferentiated type [38, 39]. Moreover, the limited suc-

cess of outcomes also arose from higher lymphovascular

invasion because this mixed histology group showed the

larger size and the more frequent tumor cell extension to

the lymphatic-rich submucosal layer [38, 40].

Consequently, 25.0 % of patients in the predominantly

differentiated mixed group underwent additional operations

after non-curative ER to treat residual tumor and lymph

nodes, whereas only 9.8 % of patients with pure

Table 3 Multivariate analysis of risk factors for the mixed histology

predominantly of differentiated type

Characteristic Odds ratio (95 % CI) P value

Age 0.98 (0.95–1.01) 0.179

Size \0.001

B20 mm 1.00 (reference)

[20 mm 3.96 (1.99–7.88)

Location 0.016

Upper third 0.78 (0.17–3.62) 0.745

Mid-third 2.64 (1.28–5.45) 0.009

Lower third 1.00 (reference)

Histology on forceps biopsy \0.001

Well-differentiated 1.00 (reference)

Moderately differentiated 3.59 (1.77–7.26)

CI confidence interval

Table 2 Univariate analysis of

clinicopathological

characteristics of lesions with

pure differentiated and

predominantly differentiated

mixed types

Data are expressed as mean with

standard deviation or n (%)

EUS endoscopic ultrasound, ER

endoscopic resection, EMR

endoscopic mucosal resection,

ESD endoscopic submucosal

resection
a Data were evaluated among the

lesions with endoscopic

ultrasound evaluation (n = 572)
b T stage was diagnosed based on

the 7th edition of American Joint

Committee on Cancer and

International Union Against

Cancer TNM staging system

Characteristic Pure differentiated

(n = 1,011)

Predominantly differentiated

mixed (n = 28)

P value

Size (mm) 14.1 ± 11.3 25.0 ± 14.0 \0.001

Size \0.001

B20 mm 815 (80.6) 13 (46.4)

[20 mm 196 (14.9) 15 (53.6)

Location 0.013

Upper third 94 (9.3) 2 (7.1)

Mid-third 310 (30.7) 16 (57.1)

Lower third 607 (60.0) 10 (35.7)

Circumference 0.356

Anterior 189 (19.0) 7 (25.0)

Posterior 228 (23.0) 7 (25.0)

Lesser curvature 362 (36.5) 6 (21.4)

Greater curvature 214 (21.6) 8 (28.6)

Multiple lesions 104 (10.3) 1 (3.6) 0.653

Macroscopic type 0.296

Elevated 686 (67.9) 16 (57.1)

Flat 217 (21.5) 7 (25.0)

Depressed 108 (10.7) 5 (17.9)

Macroscopic feature

Erythema 221 (21.9) 7 (25.0) 0.648

Ulcer 64 (6.3) 2 (7.1) 0.697

Submucosal invasion on EUSa 91/558 (16.3) 6/14 (42.9) 0.019

Histology on forceps biopsy 0.001

Well-differentiated 695 (68.7) 10 (35.7)

Moderately-differentiated 316 (31.3) 18 (64.3)

T1b stage on ER specimenb 184 (18.2) 8 (28.6) 0.212

ER method [0.999

EMR 18 (1.8) 0 (0)

ESD 993 (98.2) 28 (100)
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differentiated lesions had additional operations. Some part

of patients with non-curative resection did not undergo

surgery, because of advanced age, high comorbidities, and

patients’ choice to refuse further surgical resection.

Moreover, 28.6 % of predominantly differentiated mixed

EGCs with additional operation exhibited lymph node

metastasis, while only 6.1 % of pure differentiated lesions

with additional operation had nodal invasion. This

increasing tendency of nodal involvement in the predomi-

nantly differentiated mixed group is consistent with earlier

studies [15, 16]. Thus, the safety of ER for EGC with

mixed histology predominantly of differentiated type

should be investigated further, based on large-scale pro-

spective data on lymph node invasion and subsequent long-

term outcomes, in addition to studies on enhancing the

feasibility of complete and curative resections.

This study had some limitations. First, the number of

patients with predominantly differentiated mixed EGC was

relatively small. Second, the evaluation of lymph node

metastasis from limited patients with additional operation

after ER also can be a limitation to conclude the potential for

lymph nodemetastasis in predominantly differentiatedmixed

EGC. Lastly, EUS was evaluated in selected patients only.

Therefore, selection bias may have affected the study results.

Despite these limitations, the present study has some

merits. This is the first comparative study of the therapeutic

outcomes and clinical courses of endoscopically resected

EGCs with pure differentiated versus predominantly dif-

ferentiated mixed histologic types. Moreover, this study

suggests several clinicopathologic features predictive of

mixed histology predominantly of differentiated type,

which results in lower complete and curative resection

rates of ER.

In conclusion, EGC with mixed histology predominantly

of differentiated type affects therapeutic outcomes and

consequent clinical course accompanied by possibly higher

risk for lymph node metastasis. We should pay particular

attention to the possibility of predominantly differentiated

mixed histologic type if an EGC lesion exhibits larger size,

mid-third location, and moderately differentiated histology

Fig. 1 Flowchart showing clinical course of patients in the present study. ER endoscopic resection, EGC early gastric cancer, LNM lymph node

metastasis

Table 4 Therapeutic outcomes

of the two groups

Data are expressed as n (%)

Outcome Pure

differentiated

(n = 1,011)

Predominantly

differentiated

mixed (n = 28)

P value

En bloc resection 945 (93.5) 24 (85.7) 0.114

Complete resection 873 (86.4) 18 (64.3) 0.003

Incomplete resection 138 (13.6) 10 (35.7)

Lateral cut end-positive 66 (6.5) 5 (17.9) 0.037

Vertical cut end-positive 39 (3.9) 2 (7.1) 0.689

Lymphovascular invasion 54 (5.4) 5 (17.9) 0.018

Curative resection 837 (82.8) 17 (60.7) 0.009

Non-curative resection 174 (17.2) 11 (39.3)
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on forceps biopsy. The further prospective studies on safety

of ER for predominantly differentiated mixed EGC are

warranted.
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