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ABSTRACT

Background. The possibility of lymph node metastasis is
critical to the assessment of the indication for endoscopic
submucosal dissection. The differentiation of tumors is an
important predicting factor for lymph node metastasis.
Even though gastric cancers frequently show intratumoral
heterogeneity, most studies have not considered the effects
of the minor histologic components. The purpose of this
study was to investigate the relationship between the pre-
sence of undifferentiated type histology (UD-min) within
differentiated type tumors and lymph node metastases in
early gastric cancer confined to the mucosal layer.
Methods. A retrospective study of 847 patients who
underwent surgery for differentiated early gastric cancer,
confined to mucosa, was conducted. We analyzed the
proportion of the undifferentiated type components of the
tumor and their relationship with lymph node metastasis.
Results. The overall rate of lymph node metastasis was
1.7 % (14/847 patients) and 215 differentiated tumors
(25.4 %) have UD-min. UD-min was associated with
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female sex, younger age, larger tumor size, and the pre-
sence of ulcer. Lymph node metastasis rate with or without
UD-min was 5.1 % (11/215) versus 0.5 % (3/632),
respectively (p < 0.001). UD-min was found to be asso-
ciated with lymph node metastasis in the multivariate
analyses (odds ratio [OR] = 4.39, CI 1.08-17.89). When
three risk factors (tumor size >2 cm, ulcer, and UD-min)
were present concurrently, the rate of lymph node metas-
tasis was high (10 %).

Conclusions. The presence of an UD-min component
should be considered when assessing curative resection
status of endoscopic submucosal dissection for differenti-
ated type mucosal cancer.

Gastric cancer is the second most common form of
cancer in Korea. The overall age-standardized incidence
rates of gastric cancer in Korea were reported to be 62.3
per 100,000 males and 24.9 per 100,000 females in 2010."!
Recent progress in diagnostic techniques and an increasing
demand for a better quality of life have increased the early
diagnosis of gastric cancer in Korea and Japan.”” Sur-
veillance conducted by the Korean Gastric Cancer
Association showed that the proportion of early gastric
cancers (EGC), among gastric cancers overall, detected in
Koreans exceeded 57.6 % in 2009.*

Treatment options for EGC include endoscopic mucosal
dissection (ESD), wedge resection, laparoscopy, or robot-
assisted gastrectomy (LAG) and open gastrectomy.’® The
possibility of lymph node metastasis is critical to the
assessment of the type of resection to perform in patients
with early gastric cancer; for example, the absence of
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lymph node metastasis is a prerequisite for ESD.” Given
that the accuracies of preoperative computed tomography
(CT) and endoscopic ultrasonography (EUS) for the
detection of lymph node metastases range from 50 to 70 %,
clinical/pathological factors, including the presence of
ulcers, tumor size, depth of tumor invasion, and tumor
differentiation, are important features to consider in
determining the risk of lymph node metastasis.”®

Undifferentiated type histology has been reported to be a
risk factor for lymph node metastasis in early gastric cancer.’
Unlike the presence of an ulcer or the depth of tumor invasion,
the classification of tumors by their differentiation status is
complex and can be difficult to determine. Differentiation of a
tumor is determined by the histological type of the major
portion of the tumor (more than 50 %) regardless of the minor
histological type.'®!! Even though gastric cancers frequently
show intratumoral heterogeneity, most studies have not con-
sidered the effects of the minor components.'*~"*

Thus, the purpose of the present study was to assess
the meaning of minor undifferentiated type histology
(UD-min) for lymph node metastasis in patients with dif-
ferentiated type mucosal early gastric cancer.

PATIENTS AND METHODS
Study Population

We conducted a retrospective study from January 2001
to April 2013; 847 patients who underwent surgery for
differentiated early gastric cancer confined to mucosa at the
National Cancer Center in Korea were included in the
study. Recurrent cancers or cancers from remnant stomach
were excluded in this study. The cases of which the number
of dissected lymph nodes was less than 16 were excluded.
When multiple synchronous cancers were present, the
cancer having the deepest invasion depth and the largest
size was selected for analysis. The preoperative evaluations
included esophagogastroduodenoscopy with  biopsy,
abdominal CT, chest radiography, standard blood testing,
and EUS if needed. Well-differentiated mucosal tumors
less than 2 cm in size and without ulceration, which were
curatively resected by endoscopic resection, were excluded
in accordance with the treatment guidelines of our insti-
tution and the Japanese guidelines for gastric cancer
treatment.'> This study was performed with the approval of
the institutional review boards of National Cancer Center,
Korea (NCC2014-0037).

Operations

All patients enrolled in the present study underwent a
gastrectomy with D1 4 B, or more, lymph node dissection.

All patients who underwent gastrectomy were reviewed
before and after surgery by all surgeons, all gastroente-
rologists, a radiologist, and a pathologist. The same
surgical procedures and reconstruction methods were used
by all of the surgeons. A distal subtotal gastrectomy was
performed if there was a tumor-free margin of 5 cm in
cases with advanced gastric carcinoma or 2 cm in cases
with early gastric carcinoma. The extent of the lymph node
dissection was determined by the recommendations of the
Japanese Research Society for Gastric Carcinoma.'> Can-
cers were staged according to the tumor node metastasis
(TNM) classification system as reported by the Union
International Contra la Cancrum (UICC). A potentially
curative resection was defined as an RO resection in
accordance with the UICC residual tumor classification.'®

Pathologic Examination

All pathology specimens were examined immediately
after resection. All lymph nodes were retrieved by palpa-
tion under gross inspection. No size limitation was
specified for lymph node harvesting. All pathological
examinations were performed in a standard manner. The
entire tumor was sectioned into 4-mm-thick sec-
tions (2 mm for ESD specimens), embedded in paraffin
blocks and stained with hematoxylin and eosin. All HE
slides were reviewed by the expert gastric pathologists
(MC Kook) to validate UD-min, lymphovascular invasion
(LVI), ulcer, invasion depth, and lymph node metastasis.
The presence of UD-min was confirmed by the consensus
of two expert gastric pathologists (MC Kook and HS Han).
The cases were classified according to the presence of
UD-min (supplemental Fig. 1). The proportion of UD-min
was measured with a semiquantitative three-tiered system:
no more than 10 %, no more than 30 %, or no more than
50 % of total tumor volume.

Evaluation of Ulcer

The presence of ulcer was determined based on the full-
layer disruption of muscularis mucosa, including both the
active and the healing stage. Some of the ulcers showed
sharply demarcated margins surrounded by almost normal
mucosa and their widths of the disrupted area were small
(supplemental Fig. 2A). These cases could be considered
as the possibility of iatrogenic ulcer caused by an endo-
scopic biopsy. There was no reasonable criterion to
distinguish an iatrogenic ulcer from a true ulcer. We put the
cases into the “ulcer presence” group when the width of
the disruption of muscularis mucosa was large enough
(more than 4 mm) to be hardly generated by endoscopic
biopsy (supplemental Fig. 2B).
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TABLE 1 Comparison of clinicopathologic characteristics

Total UD-min P value*
N =847 Absent Present
N=632 N=215
(74.6 %) (254 %)
Sex 0.002
Male 615 476 (77.4) 139 (22.6)
Female 232 156 (67.2) 76 (32.8)
Age + SD (years) 60.2 & 10.5 61.5 + 9.8 56.8 £ 11.6 <0.001"
Location 0.119
Upper 1/3 62 47 (75.8) 15 (24.2)
Mid 1/3 275 193 (70.2) 82 (29.8)
Lower 1/3 510 392 (76.9) 118 (23.1)
Tumor size + SD 30+ 18 28417 37421 <0.001
(cm)
<2 314 265 (84.4) 49 (15.6) <0.001
2<to <3 200 157 (78.5) 43 (21.5)
>3 333 210 (63.1) 123 (36.9)
Ulcer 0.018
Absent 564 435 (77.1) 129 (22.9)
Present 283 197 (69.3) 86 (30.4)
Lymphovascular
invasion
Absent 818 612 (74.8) 90 (20.7) 0.477
Present 29 20 (69.0) 9 (31.0)

UD-min minor undifferentiated component, SD standard deviation
* ¥ test unless indicated otherwise
T Student’s 7 test

Statistical Analysis

The continuous variables measured in this study were
expressed as the mean and the standard deviation (SD).
Between-group comparisons of continuous variables were
made using Student’s ¢ test, and between-group compari-
sons of categorical variables were made using the y> test.
For the risk of lymph node metastasis, univariate and
multivariate analyses were performed using the Poisson
regression model. A two-sided p value <0.05 was consid-
ered statistically significant. All statistical analyses were
carried out using STATA ver. 11 (College Station, TX).

RESULTS
Clinical and Pathologic Patient Characteristics
The median age of the 847 patients was 62 years (range

28-88 years), and there were 615 (72.6 %) males and 232
(37.4 %) females. Sixty-two (7.3 %) of the gastric cancers

were located in the upper third of the stomach, and the other
785 were located in the middle or lower third (Table 1).

Characteristics of Tumors with UD-min

UD-min was observed in 25.4 % of total cases. The
presence of UD-min associated with female, younger age,
larger tumor size, and the presence of ulcer. The location of
the tumor and the presence of lymphovascular invasion
were not related with the UD-min (Table 1). The incidence
of both ulcer and UD-min presence increased as tumor size
increased: <2 cm, 8/314 (2.5 %); 2< to <3 cm, 20/200
(10 %); >3 cm, 58/333 (17.4 %) (p < 0.001).

Risk of Lymph Node Metastasis

Pathologic examinations showed that 14 patients
(1.7 %) had metastatic lymph nodes. Younger age, larger
tumor size, the presence of ulcer, and lymphovascular
invasion were related to lymph node metastasis. The rate of
lymph node metastasis was 5.1 % (11/215 patients) in
tumors with UD-min. As the proportion of the UD-min
increased, the rate of lymph node metastasis increased. The
increase of lymph node metastasis was statistically signif-
icant when the proportion of UD-min was more than 10 %
(Table 2). UD-min also was significantly associated with
lymph node metastasis in multivariate analyses like other
known risk factors for lymph node metastasis, including
tumor size, the presence of lymphovascular invasion, and
ulcer (Table 3).

Stratification of the Rate of Lymph Node Metastasis
with ESD Indications and Risk Factors

No lymph node metastasis was shown in absolute ESD
indication cases (0/245). In the tumors of expanded indi-
cations for ESD, a few tumors (3/430, 0.7 %) metastasized
to lymph nodes (Table 4).

We stratified the rate of lymph node metastasis
according to the combinations of four risk factors,
including tumor size and the presence of lymphovascular
invasion, ulcer, and UD-min (Table 5). When lymphovas-
cular invasion was present or all of three other risk factors
(tumor size >2 cm, ulcer and UD-min) were present con-
currently, the rate of lymph node metastasis was high (10—
25 %). Lymph node metastasis was absent or present in a
very low frequency in other cases (0-1.2 %).

DISCUSSION

The main findings of this study are as follows: (1) 215
differentiated tumors (25.4 %) had UD-min histology, (2)
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TABLE 2 Lymph node
metastasis risk of

LNM negative (%) LMM positive (%) Univariate OR (95 % CI) P value

clinicopathologic parameters

Total 833 (98.3) 14 (1.7)
Sex 0.488
Male 606 (98.5) 9 (1.5) 1
Female 227 (97.8) 5.2 1.47 (0.49-4.39)
Age (years) 0.010
Mean + SD 604 + 104 529 £ 12.1 0.94 (0.89-0.99)
Location
Upper third 61 (98.4) 1(1.6) 1
Middle third 269 (97.8) 6(2.2) 1.35 (0.16-11.24) 0.780
Lower third 503 (98.6) 7 (1.4) 0.85 (0.11-6.92) 0.880
Size (cm) mean + SD 30+ 1.8 53+£29 1.47 (1.24-1.74) <0.001
<2 313 (99.7) 1(0.3) 1
2<to <3 198 (99.0) 2 (1.0) 3.14 (0.29-34.63) 0.350
>3 322 (96.7) 11 (3.3) 10.37 (1.34-80.34) 0.025
Lymphovascular invasion <0.001
Absent 808 (98.8) 10 (1.2) 1
Present 25 (86.2) 4 (13.8) 11.28 (3.54-35.97)
Ulcer 0.002
Absent 561 (99.5) 3 (0.5) 1
Present 272 (96.1) 11 (3.9) 7.30 (2.04-26.19)
UD-min <0.001
Absent 629 (99.5) 3 (0.5) 1
Present 204 (94.9) 11 (5.1) 10.78 (3.01-38.64)
% of UD-min
Absent 629 (99.5) 3 (0.5) 1
UD-min minor undifferentiated <10 % 55 (98.2) 1(1.8) 3.76 (0.39-36.17) 0.251
component; SD standard <30 % 49 (94.2) 3(5.8) 12.15 (2.45-60.22) 0.002
deviation; OR odds ratio; <50 % 100 (93.5) 7(6.5) 13.78 (3.56-53.30) <0.001

CI confidence interval

the rate of lymph node metastasis in mucosal cancers with
differentiated histology mixed with UD-min was higher
than that of mucosal cancer with differentiated histology
only (5.1 vs. 0.5 %, p <0.001), (3) UD-min was an
independent risk factor for lymph node metastasis in early
gastric cancer confined to mucosa, especially the propor-
tion of UD-min was more than 10 % of total tumor volume,
(4) several tumors (3/430, 0.7 %) among expanded indi-
cations metastasized to lymph node, and (5) the rate of
lymph node metastasis was high (10-25 %) when lym-
phovascular invasion was present or all of three other risk
factors (tumor size >2 cm, ulcer, and UD-min) were
present.

A gastrectomy is associated with considerable postop-
erative discomfort, e.g., abdominal pain, nausea, vomiting,
and dumping syndrome.'” Although pylorus and vagus
nerve-preserving gastrectomies have been attempted to
prevent postgastrectomy syndrome, the results have not
been encouraging.'®'® Therefore, preservation of the
stomach provides the best means of preventing this syn-
drome. Lymph node metastasis is the most important

TABLE 3 Multivariate analysis of risk factors for lymph node
metastasis

Factor Odds ratio P value
(95 % CI)
Age (years)* 0.95 (0.90-1.01) 0.085
Size (cm)* 1.36 (1.10-1.69) 0.005
Lymphovascular invasion: 27.52 (7.40-102.20) <0.001
present vs. absent
Ulcer: present vs. absent 7.54 (1.90-29.90) 0.004
UD-min: present vs. absent 4.39 (1.08-17.89) 0.039

UD-min minor undifferentiated component, CI confidence interval

% As a continuous variable

consideration when determining whether the stomach can
be preserved.’

We found that the rate of lymph node metastasis of
mucosal cancers with differentiated type histology was
1.7 %, similar to those of previous studies for mucosal
cancers (0.4-1.8 %). However, when limited to UD-min
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TABLE 4 Lymph node metastasis regarding ESD indications

Criteria for curative resection Incidence (%, 95 % CI)

Absolute

Mucosal cancer, differentiated
type no LVI, no ulcer, size <2 cm

Expanded 1

Mucosal cancer, differentiated type

0/245 (0 %)

1°/294 (0.3 %, 0-1 %)

No LVI, no ulcer, size >2 cm
Expanded 2

Mucosal cancer, differentiated type

No LVI, ulcer (+), size <3 cm

2°/136 (1.5 %, 0-3.5 %)

LVI lymphovascular invasion, CI confidence interval
4 Case was UD-min negative

° Both cases were UD-min positive

TABLE 5 Rate of lymph node metastasis according to four risk
factors

Risk factors Tumor size (cm)

<2 2<to<3 >3
LVI (—)
Ulcer (=), UD-min (=) 0/206 (0.0) 0/93 (0.0) 1/119 (0.8)
Ulcer (=), UD-min (+) 0/39 (0.0) 0/23 (0.0) 0/59 (0.0)
Ulcer (+), UD-min (—) 0/53 (0.0) 0/55 (0.0) 1/86 (1.2)
Ulcer (+), UD-min (+) 0/8 (0.0) 2/20 (10.0) 6/57 (10.5)
LVI (+) 1/8 (12.5) 0/9 (0.0) 3/12 (25.0)

LVI lymphovascular invasion, UD-min minor undifferentiated com-
ponent, CI confidence interval, CT computed tomography, EGC early
gastric cancer, ESD endoscopic mucosal dissection, EUS endoscopic
ultrasonography, LAG laparoscopy-assisted gastrectomy, LVI lym-
phovascular invasion, OR odds ratio, SD standard deviation, TNM
tumor node metastasis, UICC Union International Contra la Cancrum,
UD-min minor undifferentiated type histology

present cases, the rate of lymph node metastasis was much
higher than that of UD-min—negative cases. In Takizawa’s
study, about the rate of lymph node metastasis in mucosal
cancers, cancers with differentiated type histology mixed
with undifferentiated component showed a higher rate of
lymph node metastasis than cancers with pure differentiated
type histology, but the difference was not great enough to be
statistically significant.?® In the present study, the number of
cases was higher and thus showed statistically significant
difference and independent predictive power.

Furthermore, we demonstrated the stratification includ-
ing UD-min factor could be more helpful to consider the
curative resection status for ESD, because the rate of
lymph node metastasis was much higher in the cases of
both UD-min and ulcer present. Recently, Min et al.
reported the impact of UD-min on the long-term outcome

after ESD.?! Recurrence was absent in UD-min cases
meeting the expanded curative resection criteria (0/40),
including sml invasion cases. Their cases consisted of
ESD-treated cases only and it is difficult to compare to our
cases directly. However, the incidence of ulcer or co-pre-
sence of ulcer and UD-min was not described in their data.
In our study, the rate of lymph node metastasis in UD-min
cases of expanded curative resection criteria was 2.3 %
(2/87). The rate was significantly increased to 7.1 % (2/28)
for cases with both risk factors present: UD-min and ulcer.
Based on our data, we suggest that a stratification using risk
factors for lymph node metastasis should be applied to
survival analysis of ESD cases, and a further large-scale
study is needed for such an analysis.

Several studies reported the clinical significance of
heterogenous components. Mita reported that the differ-
entiated type submucosal invasive cancers containing
undifferentiated component showed higher rate of lymph
node metastasis than pure differentiated type cancers.?
Hanaoka reported that undifferentiated type submucosal
invasive cancers mixed with differentiated component
showed more frequent lymph node metastasis even than the
pure undifferentiated type cancers.”> Similar result was
reported in Zheng’s study; based on Lauren classification
mixed-type carcinomas have higher rates of lymph node
metastasis and a worse prognosis than diffuse-type carci-
nomas.”* Carneiro suggested a classification system
modified from Lauren classification and emphasized the
poor prognosis of the “mixed-type” showing heterogeneity
consisting of the isolated component and other compo-
nents.>> All of these studies were for submucosal cancers,
the populations of which the majority were advanced cases.
The results of present study suggest the significance of
heterogeneity can be still valid in mucosal cancers.

In the Japanese Gastric Cancer Treatment Guidelines
2011, the criteria for a curative resection in ESD consist of
histologic type, tumor size, invasion depth, ulcer, lym-
phovascular invasion, and status of resection margin.”® In
these guidelines, it is tentatively recommended to regard as
a noncurative resection if there is some component of
undifferentiated type histology in case of an expanded
indication because the evidence is still insufficient. The
data of present study can provide useful information on this
point. According to the data of the present study, the pre-
sence of UD-min was significantly associated with lymph
node metastasis in ulcer-positive mucosal cancers, and it
can be considered an indicator of a noncurative resection.

In the present study, we designated the cases with the
full-layer disruption of muscularis mucosa wider than
4 mm as ulcer-present regardless healing status. The rate of
ulcer presence was 33.4 %, similar to that of previous data
in Japan (42.6 %).”” There were several reports in which
the rate of ulcer was much lower (7.2-9.9 %).28’29 We
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suppose that only active ulcer were included in these
studies. With regard to the interpretation error of biopsy-
induced ulcers, we investigated their size and depth. We
found that the ulcer was more than 4 mm in width or deep
into proper muscle layer in all cases of lymph node
metastasis associated with ulcer presence (data not shown).
Therefore, we think the iatrogenic findings caused by
endoscopic biopsy had no effect on our conclusions.

In the tumors of expanded curative resection criteria
for ESD, several cases metastasized to lymph nodes. This
result is different from previous results of large-volume
data in Japan showing no lymph node metastasis in those
expanded criteria cases.”’”" Some reports from Korea
also showed lymph node metastasis in the expanded cri-
teria cases.”’ It is difficult to find a reason for this
difference.

Although present study revealed the risk of UD-min for
lymph node metastasis with high statistical power, several
limitations can be considered. First, in stratification ana-
lysis with risk factors the number of cases was small in
several subgroups. Second, we did not classify the undif-
ferentiated components into further subcategories. If the
undifferentiated components are grouped into poorly
tubular, signet ring cell, or mucinous histology, the possi-
bility cannot be excluded that significant odd ratio for
lymph node metastasis between the histologic subgroups is
observed. However, the number of cases was not enough to
do such a subgroup analysis. Third, it can be ideally
applied to the curative resection status but may be difficult
to ESD indication, because the detection of UD-min or
ulcer is limited in endoscopy.

CONCLUSIONS

Minor undifferentiated type histology was associated
with a number of characteristic findings and the presence of
minor undifferentiated type histology in differentiated type
mucosal cancer is an independent risk factor for lymph
node metastasis. Our findings suggest that minor undif-
ferentiated type histology should be considered when
assessing curative resection status for endoscopic submu-
cosal dissection.
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