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Abstract: Background: Lymph node metastasis (LNM) is a major factor influencing the prognosis of early gastric
cancer. The aim of this study was to evaluate the risk factors for LNM in mucosal gastric cancer. Methods: Patients
who underwent curative gastrectomy with lymphadenectomy for mucosal gastric cancer between March 2011 and
August 2016 were retrospectively analyzed. Univariate and multivariate analyses were performed to identify the
clinicopathological characteristics that were risk factors for LNM. Results: A total of 530 patients with mucosal
gastric cancer were enrolled. Forty-six (8.7%) patients had LNM, including 3 of the 223 with the differentiated-type
and 43 of the 307 with the undifferentiated-type. A univariate analysis revealed that age, sex, tumor size, differen-
tiation type, lymphovascular invasion, and Lauren’s classification showed a significant association with LNM. Sex,
tumor size, differentiation type, and lymphovascular invasion were independent risk factors for LNM according to a
multivariate analysis. Conclusions: Our study revealed a relatively high incidence of LNM and identified several risk
factors for LNM in mucosal gastric cancer. Endoscopic resection should be considered carefully in the management

of mucosal gastric cancer.
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Introduction

Early gastric cancer (EGC) is defined as gastric
cancer with the tumor confined to the mucosa
or submucosa, regardless of the presence of
lymph node metastasis (LNM) [1]. The 5-year
survival rate in patients with EGC is above 90%,
with LNM being the most critical prognostic fac-
tor [2-5]. Previous studies indicated an inci-
dence of LNM in a range of 5-15% among EGC
patients [6-9]. The incidence of LNM, which dif-
fers by invasion depth, was reported to range
from 2% to 10% in mucosal gastric cancer
(MGC) and 8% to 25% in submucosal gastric
cancer, respectively [10-13].

Nowadays, endoscopic resection (ER) has
become accepted worldwide as an alternative
curative treatment for EGC, to reduce operative
complications after traditional surgery and
improve quality of life. ER is regarded as the
standard procedure for differentiated-type
MGC with no ulcerative findings, of which the

tumor size < 2.0 cm [14]. Meanwhile, rapid
development in endoscopic techniques and
instrumentation have prompted an increasing
number of patients with MGC to be treated by
ER. The indication of ER was expanded to
include patients with tumors clinically diag-
nosed as Tla and as follows: differentiated-
type, without ulceration, tumor size > 2 cm; dif-
ferentiated-type, with ulceration, and tumor
size £ 3.0 cm; undifferentiated-type, without
ulceration, and tumor size < 2.0 cm [2]. This
guideline is now being followed, especially in
Japan and Korea. However, the expansion of
the reasonable indication for EGC should be
based on a full consideration of the balance
between the benefits and potential risks. It is
definitely important to accurately predict LNM
when deciding whether patients with MGC are
suitable for ER.

This study involved a relatively large number of
patients with MGC, and we retrospectively eval-
uated the association between the clinicopath-
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Figure 1. Lymph node category histogram for pa-
tients with mucosal gastric cancer.

ologic features and LNM. Our study aimed to
identify the risk factors for LNM and to guide
the management of patients with MGC.

Materials and methods
Patients

Among the patients who underwent curative
gastrectomy with lymphadenectomy for gastric
cancer in the Department of Gastric Surgery,
Fudan University Shanghai Cancer Center
between March 2011 and August 2016, the
patients with MGC (tumor invasion confined to
mucosa) were enrolled. Following a retrospec-
tive review of the clinical and pathological data
for these patients, only patients with a patho-
logical diagnosis of mucosal EGC were consid-
ered for inclusion in the present study. The
inclusion criteria for this study were: a histologi-
cally confirmed gastric adenocarcinoma; lymph
node dissection beyond D1 dissection; the
resected specimens and lymph nodes were
pathologically analyzed, and mucosal gastric
cancer was diagnosed; newly diagnosed can-
cer without previous treatment, and the
patient’'s medical record was available in the
database. The exclusion criteria for the study
were as follows: patients with multiple lesions;
patients without intact clinical data or precise
pathological records; cancers from the rem-
nant stomach; patients receiving preoperative
treatment such as endoscopic resection, and
neoadjuvant chemotherapy. The ethical com-
mittee of Fudan University Shanghai Cancer
Center approved this study. The study was per-
formed in accordance with the Declaration of
Helsinki and its revisions.
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Histopathologic evaluation

The primary gastric adenocarcinoma and
retrieved LNs were routinely examined by expe-
rienced pathologists. Papillary adenocarcino-
ma and well or moderately differentiated
adenocarcinoma were classified as the differ-
entiated-type. Poorly or undifferentiated ade-
nocarcinoma, signet ring cell carcinoma, and
mucinous carcinoma were classified as the
undifferentiated-type. The maximum diameter
was recorded as the tumor size. The analyses
were based on a postoperative pathology of the
specimens. Pathological staging was per-
formed according to the American Joint
Committee on Cancer, 7th edition. The relation-
ships between the clinicopathological charac-
teristics and LNM were examined to identify the
risk factors. These clinicopathological parame-
ters were analyzed: sex, age, location of the
tumor, tumor size, number of retrieved LNs,
lymphovascular invasion, perineural invasion,
Lauren’s classification, and differentiation type.

Statistical analysis

The risk factors for LNM were identified by per-
forming Student’s t test, a Chi squared test, or
Fisher’'s exact test. A multivariate analysis of
risk factors was performed using logistic
regression. The statistical analysis was carried
out using SPSS software (version 22.0, IBM
Inc., Armonk, NY), and a P value < 0.05 was
considered statistically significant.

Results
Patient characteristics

Five hundred and thirty patients with MGC were
studied. Among these patients, 328 (61.9%)
were male, and 202 (38.1%) were female, rang-
ing in age from 19 to 80 years (mean 55.8 +
11.3 years). LNM was detected in 46 (8.7%)
patients (Figure 1). Thirty-nine (7.4%) of the
patients with MGC were located in the upper
third, 104 (19.6%) were located in the middle,
and 387 (73%) were located in the lower third
of the stomach.

Univariate analysis of risk factors for LNM in
MGC

The relationship between LNM and the clinico-

pathological characteristics were analyzed by
univariate analysis (Table 1). There were no sig-
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Table 1. Univariate analysis of the risk factors for lymph node me-

tastasis in mucosal gastric cancer

cm, P < 0.001) and lympho-
vascular invasion positive

LN Negative

LN Positive

(43.8% vs 7.6%, P < 0.001)

Variables (n=484) (n=46) P were associated with more
Age, yrs 56.2+111 49.7+114 <0.001 frequent LNM. In patients
with the undifferentiated-

Sex, n (%) <0.001 ..
Male 313 (95.4) 15 (4.6) type cancer_, the mmdeme of
LNM was higher than it was

Female 1ri@4.7)  31(153) in patients with the differen-
Location, n (%) 0.232 tiated-type (14.0% vs 1.3%, P

Upper 38 (97.4) 1(2.6) < 0.001).

Middle 92 (88.5) 12 (11.5)

Lower 354 (91.5) 33(8.5) Multivariate analysis of risk
Tumor size, cm 1.9+11  26+14 <0.001 factors for LNM in MGC
Retrieved LN 24.3+8.1 25.8+9.1 0.229 Age, sex, tumor size, lympho-
Lymphovascular invasion, n (%) <0.001 vascular invasion, and tum-

Negative 475 (92.4) 39 (7.6) or differentiation showed a

Positive 9(56.2) 7(43.8) significant association with
Perineural invasion, n (%) NA LNM in the univariate analy-

Negative 484 (91.3) 46 (8.7) sis, so these factors were

Positive 0(0.0) 0 (0.0) then included in the multivar-
Differentiation, n (%) <0.001 iate analysis. The sex, tumor

D-type 220 (98.7) 3(1.3) smg,l typi of d|fTer§ntlat!on

and lymphovascular invasion

UD-type o 264 (86.0)  43(14.0) had significant effects on
Lauren classification™, n (%) <0.001 LNM in MGC based on the

Intestinal 208 (97.2) 6(2.8) multivariate analysis using

Diffuse 138(85.7)  23(14.3) logistic regression (Table 2).

Mixed 68 (88.3) 9 (11.7)

D-type, differentiated-type; LN, lymph node; LNM, lymph node metastasis; NA, not
available; UD-type, undifferentiated-type. *There are some patients with unknown

information about their Lauren classification.

Table 2. Multivariate analysis of the risk factors for lymph node

metastasis in mucosal gastric cancer

Clinicopathologic charac-
teristics of undifferentiated-
type cancer compared with
differentiated-type cancer

Table 3 shows the relation-
ships between the clinico-

Variables Odds Ratio 95% Confidence Interval P pathological characteristics
Age 0.980 0.952-1.009 0.172 and differentiation type. Age,
Male sex 0.386 0.191-0.79 0.008 sex, location of tumor, tumor
Tumor size 1.355 1.056-1.740 0.017 size, number of retrieved
Undifferentiated-type 7.096 2.056-24.491 0.002 LNs, Lauren classification,
Lymphovascular invasion 9.146 2.713-30.835 <0.001 and LNM status differed

nificant differences between patients with and
without LNM in terms of tumor location or num-
ber of retrieved LNs. The age, sex, tumor size,
lymphovascular invasion, tumor differentiation,
and Lauren classification showed an associa-
tion with LNM. Patients with LNM were younger
(49.7 £ 11.4 vs 56.2 £ 11.1, P < 0.001). The
proportion of patients with LNM was higher in
female patients (15.3% vs 4.6%, P < 0.001).
A greater tumor size (2.6 £+ 1.4cmvs 1.9+ 1.1
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significantly between the two
types. Patients with undiffer-
entiated-type cancer were younger (52.3 %
11.4 vs 60.3 + 9.3, P < 0.001), had a higher
proportion of females (49.8% vs 22.0%, P <
0.001), had a higher proportion of lower lesions
(75.2% vs 70.0%, P < 0.001), had larger tumor
sizes(2.1+1.2cmvs 1.7+ 1.1cm, P<0.001),
and had more retrieved LNs (25.1 + 8.2 vs 23.5
+ 8.0, P=0.021) and more LNM (14.0% vs 1.3%,
P < 0.001) than patients with the differentiat-
ed-type cancer. In terms of Lauren’s classifica-
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Table 3. Clinicopathologic characteristics of the undifferentiated-
type compared with the differentiated-type in mucosal gastric cancer

Variables D-type (n=223) UD-type (n=307) P
Age, yrs 60.3+9.3 52.3+11.4 <0.001
Sex, n (%) <0.001
Male 174 (78.0) 154 (50.2)
Female 49 (22.0) 153 (49.8)
Location, n (%) <0.001
Upper 30 (13.4) 9 (3.0)
Middle 37 (16.6) 67 (21.8)
Lower 156 (70.0) 231 (75.2)
Tumor size, cm 1.7+1.1 21+1.2 <0.001
Retrieved LN 23.5+8.0 25.1+8.2 0.021
LNM, n (%) <0.001
Negative 220 (98.7) 264 (86.0)
Positive 3(1.3) 43 (14.0)
Lymphovascular invasion, n (%) 0.373
Negative 218 (97.8) 296 (94.4)
Positive 5(2.2) 11 (3.6)
Perineural invasion, n (%) NA
Negative 223 (100.0) 307 (100.0)
Positive 0 (0.0) 0 (0.0)
Lauren classification*, n (%) <0.001
Intestinal 185 (97.9) 29 (11.0)
Diffuse 0(0.0) 161 (61.2)
Mixed 4(2.1) 73 (27.8)

D-type, differentiated-type; LN, lymph node; LNM, lymph node metastasis; NA, not
available; UD-type, undifferentiated-type. *There are some patients with unknown
information about their Lauren classification.

Table 4. The lymph node metastasis rate assessed by combining
differentiation type, lymphovascular invasion, sex, and tumor size in
mucosal gastric cancer

Tumor size (cm)
<1 >1,£2 >2,<3 >3

Variables

D-type (n=223)
Lymphovascular invasion (-), Male 0/54 0/67 1/31 1/18
Lymphovascular invasion (-), Female o/17 0/19 0/10 0/2
Lymphovascular invasion (+), Male 0/0 1/4 0/0 0/0
Lymphovascular invasion (+), Female 0/0 0/0 0/1 0/0
UD-type (n=307)
Lymphovascular invasion (-), Male 0/31 1/58 5/42 5/18
Lymphovascular invasion (-), Female 4/35 11/56 7/34 4/22
Lymphovascular invasion (+), Male 0/0 0/1 1/3 0/1
Lymphovascular invasion (+), Female 0/1 1/1 1/1 3/3
D-type, differentiated-type; UD-type, undifferentiated-type.

tion, the diffuse or mixed histologic type
was observed significantly more often in the
undifferentiated-type than in the diffe-
rentiated-type.
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The LNM rate assessed by
combining sex, tumor size,
lymphovascular invasion,
and differentiation type in
MGC

The patients were divided
into two groups according to
differentiation type. In both
subgroups, the LNM rate
was assessed by further
subdividing by the presence
or absence of lymphovascu-
lar invasion, female or male
sex, and tumor size (Table
4). In the differentiated-type
group, no LNM was detect-
ed in the 157 patients with-
out lymphovascular inva-
sion, and tumor size <2 cm;
of the 52 differentiated-type
patients with tumor size >
2 cm, 2 (3.8%) patients
showed LNM. In the undif-
ferentiated-type group, 17
(9.3%) of the 183 patients
with tumor size < 2 cm
showed LNM.

Discussion

Despite the prevalence of
gastric cancer in the Chin-
ese population, most pat-
ients are diagnosed at an
advanced stage, resulting in
a relatively low incidence of
ECG in China, compared
with Japan and Korea. In
recent years, the proportion
of EGC has increased al-
ong with the advances in
diagnostic technologies and
more screening programs
in China. Previous studies
indicated LNM as one of
most pivotal prognostic fac-
tors for EGC [12, 15-17]. It
was reported that the 5-year
survival rate was 87.3% and
94.2% respectively in ECG
for those patients with LNM
and those without LNM [18].

When EGC was subdivided into mucosal and
submucosal EGC according to the invasion
depth, the overall survival in MGC patients was
significantly better than those of the submuco-
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sal cancer patients, owning to the lower inci-
dence of LNM in MGC. Therefore, ER has
become an alternative option for MGC. The sta-
tus of LNM is the most important factor when
determining the optimum treatment in patients
with MGC. The selection of ER is decided by the
absence of LNM.

For MGC, the rate of LNM is relatively low and
has been reported as approximately 2-4% [19-
23]. In a recent study, only 18 (1.8%) patients
out of 1003 patients with MGC had LNM [24].
However, our study indicated a LNM incidence
of 8.7% in patients with MGC, which is notably
higher than those reported by other East Asian
countries. Among the 530 patients in our
cohort, LM metastasis was detected in 46
patients. 33 patients (71, 7%) were N1, 5
(10.9%) were N2, and 8 (17.4%) were N3. Some
reasons should be taken into account for this
discrepancy. It might be interpreted by the dif-
ferences in the diagnostic criteria. In Japan,
structural or cellular atypia is sufficient to make
a diagnosis of gastric carcinoma irrespective of
the presence of invasion. However, these
lesions could be diagnosed instead as high-
grade dysplasia in our institution. This differ-
ence might result in a higher incidence of LNM
in patients with MGC in this study than in the
Japanese cohort.

Many efforts have been made to evaluate the
clinicopathologic factors that might be used to
predict the possibility of LNM. Numerous stud-
ies have been done to identify the risk factors
for LNM. Several clinicopathologic factors,
including sex, tumor size, histological differen-
tiation, and lymphovascular invasion have been
reported to be tightly associated with LNM in
EGC [2, 20, 25-29]. In our study, age, sex, tumor
size, differentiation type, Lauren’s classifica-
tion, and lymphovascular invasion were related
to LNM in MGC according to our univariate anal-
ysis. Furthermore, sex, tumor size, differentia-
tion type, and lymphovascular invasion were
independent risk factors for LNM according to
our multivariate analysis. The present study
identified female sex as an independent risk
factor, which has been demonstrated previous-
ly, but the mechanism of the relationship
between sex and LNM remains unknown [30,
31]. Levels of endogenous estrogen might be
involved in this association.

Differentiation type is also closely associated
with LNM. In the present study, the incidence of
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LNM in undifferentiated-type cancer was high-
er than in differentiated-type cancer, 14% vs
1.3%, respectively. Undifferentiated-type was
identified as an independent risk factor for
LNM. Undifferentiated-type cancer showed
more aggressive clinical features than did the
differentiated-type cancer [24]. In our study,
age, sex, tumor location, size, number of
retrieved LNs, Lauren’s classification and LNM
status differed significantly between the two
types. Patients with the undifferentiated-type
cancer had a younger age, a higher proportion
of females, lower tumor location, larger tumor
size, and more LNM than patients with the dif-
ferentiated-type cancer. In the differentiated-
type group, no LNM was detected in the 157
patients without lymphovascular invasion, and
with tumor size < 2 cm; In the undifferentiated-
type group, 17 of 183 patients with tumor size
< 2 cm still showed an LNM. In our study, LNM
was observed in 14% of the undifferentiated-
type cancer patients. In view of the high risk of
LNM in the undifferentiated-type cancer
patients, ER has generally been limited to
patients with the differentiated-type MGC.

In order to reduce morbidity and improve the
patients’ quality of life after conventional sur-
gery, it is reasonable to consider less-invasive
treatments for patients with EGC. In recent
years, ER has been deemed one of the stan-
dard treatments, and it is indicated for patients
with MGC and with tumor size < 2 ¢cm and for
those without LNM [14]. ER provides reliable
outcomes in most selected patients with MGC.
The most important critical factor in consider-
ing to choose ER is determining whether the
patient has LNM. Considering the indications
for ER in MGC, the absolute indication has been
accepted worldwide [32, 33]. However, avail-
able studies that address the application of the
expanded indication for ER in MGC are limited.
In patients with the undifferentiated-type MGC,
even if the indication of ER is satisfied, the risk
of LNM is clearly higher than it is with the differ-
entiated-type cancer. Our study also showed
that LNM was observed in MGC that satisfied
the expanded indication for ER. The risk of LNM
should never be ignored, even if the indication
for ER was satisfied. Therefore, we suggest
more studies on evaluating the risk factors
associated with LNM and reappraising the
expanded indication of ER in MGC.

There are some limitations to this study. First,
the present study was retrospectively designed
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in a single center. Second, only patients who
underwent surgery were included. Thus, a pos-
sible selection bias as a result of excluding
patients who received ER for MGC was unavoid-
able. Therefore, the incidence rate for LNM
might have been overestimated. Third, a fur-
ther histologic distinction beyond the differenti-
ated and undifferentiated-type, and their asso-
ciation with LNM were not specifically assessed.

In conclusion, our study revealed a relatively
high incidence of LNM in patients with MGC.
Sex, tumor size, differentiation type, and lym-
phovascular invasion were identified as inde-
pendent risk factors for LNM. ER might be
acceptable as curative treatment for highly
selective MGC patients with a negligible risk of
LNM. The application of ER should be consid-
ered carefully. Radical gastric resection with
lymphadenectomy is still the standard treat-
ment in patients with a high risk of LNM.
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