
Abstract. Background/Aim: Lymphovascular invasion (LVI)
is recognized as a prognostic predictor of recurrence in
certain carcinomas. According to current Japanese
guidelines, however, in gastric cancer, LVI is not clinically
useful information, except for predicting the curability of
endoscopic resection. We clarified the clinical significance
of LVI in gastric cancer and its correlation with disease
prognosis. Patients and Methods: A total of 2,090 cases of
gastric cancer undergoing radical gastrectomy were
enrolled. The correlation of LVI and other histopathological
factors was evaluated with regards to patient prognosis.
Results: LVI(+) was noted in 894 cases. A multivariate
analysis showed that pT, pN, and LVI were independent risk
factors for patient prognosis. In pT2-4 patients with nodal
metastasis, a significant difference was revealed, and the 5-
year overall survival rates in LVI(+) cases were lower than
those in LVI(–) (60.9% vs. 76.7%, p=0.005). Conclusion:
LVI in gastric cancer is an independent prognostic factor,
and tends to worsen prognosis, especially in advanced
cancers with lymph node metastases.

Gastric cancer is the fifth-most common cancer and the third
leading cause of cancer-related deaths worldwide (1). Every

year, 180,000 new cases of gastric cancer are diagnosed, and
45,000 die of this disease in Japan (2). Nodal metastasis is
known to be an important prognostic factor and is an
essential element in determining the classification of patients
with gastric cancer (3, 4). 

Lymphovascular invasion (LVI) is defined as the invasion
of vessel walls by tumor cells and/or the presence of tumor
emboli within an endothelial-lined space and this may be
considered as the initial image finding for lymph node
metastasis and other types of organ metastases. The
predictive value and prevalence of LVI strongly depend on
the type of cancer, and the presence of LVI is an accepted
prognostic factor in many malignancies, such as breast
cancer, urothelial carcinoma and colorectal cancer (5-7). In
gastric cancer, the most reliable indication of prognosis can
be obtained through assessment using TNM staging
guidelines (8).

LVI, as represented by the T factor, N factor, and
histology, is also an important pathological finding that
should be evaluated after gastrectomy. However, according
to the current guidelines for gastric cancer treatment in
Japan, LVI is not clinically useful prognostic information.
LVI is only clinically useful for the assessment of curability
after endoscopic resection; if LVI is positive, additional
surgical resection is recommended (9). In colorectal cancer,
vascular invasion is defined as a high-risk factor for
recurrence under the European Society for Medical
Oncology (ESMO) guidelines, and used as a reference for
postoperative adjuvant chemotherapy (10). Although small
cohort studies have suggested that the presence of LVI is
correlated with tumor recurrence and a low survival rate and
is an independent indicator of a poor outcome in gastric
cancer patients, the pathophysiological behavior of LVI is
still unclear, and no consensus has been reached as to
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whether LVI affects the long-term survival of gastric cancer
patients or not (11-15). Given the above, research exploring
the clinical utility of LVI in gastric cancer through a large
cohort study is important. 

The aim of this study was to clarify the clinical
significance of LVI in gastric cancer by evaluating the
relationship between LVI and clinicopathological features
and outcomes in patients with gastric cancer. 

Patients and Methods
Patients. A total of 2,090 patients were selected from the
prospective consecutive database of the Kanagawa Cancer Center
between January 2000 and December 2013 based under the
following criteria: 1) histologically proven adenocarcinoma of the
stomach; 2) patients diagnosed with clinical T1-T4; 3) patients
having no M1 disease; 4) patients receiving radical surgery with

basically D1 or further lymphadenectomy, including patients who
have been diagnosed with non-curative resection after undergoing
endoscopic submucosal dissection (ESD) according to the Japanese
gastric cancer treatment guidelines (9); and 5) patients who had
received preoperative and/or postoperative adjuvant chemotherapy.
Patients with metachronous and synchronous double cancer were
excluded, as were those with residual gastric cancer.

Histopathological evaluations. All surgical specimen were
processed according to standard pathological procedures and stained
with hematoxylin and eosin (H&E). At least two pathologists
examined the primary tumor and regional lymph node staining
slides. The depth of tumor invasion was T1 for early cancer and T2-
T4 for advanced cancer. With regard to histological types, papillary,
well-differentiated and moderately differentiated adenocarcinomas
were considered as differentiated type, and poorly differentiated
adenocarcinoma, signet ring cell carcinoma and mucinous
carcinoma were considered as undifferentiated type. LVI was
defined as the invasion of vessel walls by tumor cells and/or the
presence of tumor emboli within an endothelial-lined space, with no
distinction between vascular and lymphatic vessels (16). The
diagnosis of LVI was classified using TNM classification of
malignant tumors eighth edition, (17) as follows: L0, no lymphatic
invasion; L1, lymphatic invasion is observed; V0, no venous
invasion; V1, microscopic venous invasion is observed; V2,
macroscopic venous invasion is observed. However, this
classification method is somewhat less objective, and the evaluation
may not be consistent among pathologists. Therefore, in the present
study, L0 and V0 were defined as L(–) and V(–), respectively, and
L1 and V1-2 were defined as L(+) and V(+), respectively.
Furthermore, L(–) and V(–) were defined as LVI-negative [LVI(–)],
and L(+) and/or V(+) was defined as LVI-positive [LVI(+)].

Statistical analyses. Continuous variables were tested using the
Student’s t-test and shown as the mean±standard deviation.
Categorical variables were analyzed using the Chi-squared test and
logistic regression analysis. Univariate and multivariate analyses of
risk factors for the overall survival (OS) after surgery were
performed using Cox proportional hazards models, and the results
were expressed in terms of the hazard ratio (HR) and corresponding
95% confidence interval (CI). The OS rates were calculated using
the Kaplan-Meier method, and the log-rank test was used to analyze
between-group differences in survival rate. 

A p-value less than 0.05 was considered statistically significant, and
all statistical tests were two-sided. Analyses were performed using the
statistical software program ‘EZR’ (Easy R) version 1.40 (18).
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Table I. Clinicopathological characteristics of the 2,090 patients.

Variables Cases LVI(+) LVI(–) p-Value
(n=894) (n=1196)

Age (years) p<0.001
<65 996 360 (40.3%) 636 (53.2%)
≥65 1,094 534 (59.7%) 560 (46.8%)
Median 65
Range 24-87 24-86 26-87

Gender  n (%) p=0.78
Male 1,431 615 (68.8%) 816 (68.2%)
Female 659 279 (31.2%) 380 (31.8%)

Tumor location – n.p.
n (%)

Upper third of 489 261 (29.2%) 228 (19.0%)
stomach

Middle third of 992 380 (42.5%) 612 (51.2%)
stomach

Lower third of 609 253 (28.3%) 356 (29.8%)
stomach

Maximum tumor p<0.001
diameter

<30 mm – n (%) 739 168 (18.8%) 571 (47.7%)
≥30 mm – n (%) 1351 726 (81.2%) 625  (52.3%)
Median – mm 60 45.5 30
Range 2-212 5-212 2-210

Histologic type – p=0.88
n (%)

Differentiated 630 271 (30.3%) 359 (30.0%)
Undifferentiated 1460 623 (69.7%) 837 (70.0%)

Depth of tumor p<0.001
invasion (T) – n (%)

Early (pT1) 1,228 246 (27.5%) 982 (82.1%)
Advance (pT2-4) 862 648 (72.5%) 214 (17.9%)

Lymph node p<0.001
metastasis (N) – 
n (%)

N- 1,434 365 (40.8%) 1069 (89.4%)
N+ 656 529 (59.2%) 127 (10.6%)

Table II. Correlation between lymph node metastasis (N) and lymphatic
vessel invasion (L) and venous invasion (V).

Variables Cases N (+) N (–) Odds ratio 95%CI p-Value

L
(+) 595 422 173 8.44 6.65-10.70 p<0.001
(–) 1,495 234 1261

V
(+) 697 416 281 3.70 2.93-4.68 p<0.001
(–) 1,393 240 1153



Results

Clinicopathological characteristics of LVI in gastric cancer
patients. A total of 2,090 patients were entered into this
study, of which 894 (42.8%) had LVI. In the LVI(+) group,
595 cases were L(+), and 697 cases were V(+). Table I
shows the clinicopathological characteristics of all 2,090
patients. The median age was 65 years, the proportion with
LVI was higher in those aged 65 and older. There were no
significant differences in the sex, tumor location or
histological type, but clear differences were found in the
maximum tumor diameter, depth of tumor invasion (T) and
lymph node metastasis (N). A total of 25.5% of patients had
no lymph node metastasis with LVI, and 80.6% had lymph
node metastasis without LVI. The risk factors for lymph
node metastasis were compared for lymphatic invasion and
venous invasion, and lymphatic invasion showed a higher
odds ratio, but both lymphatic invasion and venous invasion
had a strong correlation with LNM (Table II).

Prognostic impact of the clinicopathological findings. Table
III shows the results of an analysis of the correlation with
the OS by adding LVI to the T- and N-factors that have been
used for conventional progression classification. As a result,
LVI(+) was an independent poor prognostic factor as well as
T and N factors in univariate and multivariate analyses
(HR=1.29, 95% CI=1.02-1.63, p=0.03). The 5-year survival
rate was 91.2% (95% CI=89.4%-92.7%) in the LVI(–) group
and 73.2% (95% CI=70.1%-76.0%) in the LVI(+) group
(p<0.001) (Figure 1A). There was no marked difference in
the 5-year survival rates for early cancer, with rates of 93.7%
(95% CI=92.0%-95.1%) in the LVI(–) group and 89.1%
(95% CI=84.4%-92.4%) in the LVI(+) group (p=0.18). In

contrast, in cases of advanced cancer, a significant difference
was observed between the values of 79.8% (95% CI=73.8%-
84.6%) in the LVI(–) group and 67.2% (95% CI= 63.5%-
70.7%) in the LVI(+) group (p<0.001) (Figure 1B and C).
The OS of the LVI(+) and LVI(–) groups was analyzed for
each T- and N-factor, with no marked difference between the
two groups for cases of early cancer, regardless of the
presence of lymph node metastasis (pT1 N-: p=0.38, pT1
N+: p=0.75). Among cases of advanced cancer, there was no
significant difference in the group without lymph node
metastasis, but there was a difference in the survival rate
only in the group with lymph node metastases (pT2-4 N-:
p=0.85, pT2-4 N+: p=0.005). The 5-year survival rate of
advanced cancers with nodal metastases was 76.7% (95%
CI=65.2%-84.8%) in the LVI(–) group and 60.9% (95%
CI=56.3%-65.3%) in the LVI(+) group (p=0.005) (Figure 2).
In the advanced-cancer group with lymph node metastasis,
there was a significant difference in the maximum tumor
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Table III. Univariate and multivariate analyses of prognostic factors in
2,090 patients with gastric cancer for overall survival.

Variables Cases Univariate analysis Multivariate analysis
HR (95%CI) HR (95%CI)
p-Value p-Value

Depth of tumor 
invasion (T)

Early (pT1) 1,228 3.796 (3.112-4.631) 2.343 (1.829-3.002)
Advance 862 p<0.001 p<0.001
(pT2-4)

Lymph node 
metastasis (N)

N- 1,434 3.458 (2.874-4.162) 1.926 (1.537-2.415)
N+ 656 p<0.001 p<0.001

Lymphovascular 
invasion

LVI(–) 1,196 2.787 (2.303-3.374) 1.289 (1.022-1.627)
LVI(+) 894 p<0.001 p=0.03

Table IV. Clinicopathological characteristics of advanced gastric
cancer cases with nodal metastases.

Variables Cases LVI(+) LVI(–) p-Value
(n=451) (n=73)

Age (years) p=0.051
<65 218 180 (39.9%) 38 (52.1%)
≥65 306 271 (60.1%) 35 (47.9%)
Median 66 67 64
Range 25-85 25-85 35-84

Gender – n (%) p=0.005
Male 348 310 (68.7%) 38 (52.1%)
Female 176 141 (31.3%) 35 (47.9%)

Tumor location – 
n (%) n.p.

Upper third of 160 140 (31.0%) 20 (27.4%)
stomach

Middle third of 214 181 (40.1%) 33 (45.2%)
stomach

Lower third of 150 130 (28.8%) 20 (27.4%)
stomach

Maximum tumor p<0.001
diameter

<30 mm – n (%) 44 33 (7.3%) 11 (15.1%)
≥30 mm – n (%) 480 418 (92.7%) 62 (84.9%)
Median – mm 55 55 55
Range 10-212 10-212 16-210

Histologic type – p=0.07
n (%)

Differentiated 185 166 (36.8%) 19 (26.0%)
Undifferentiated 339 285 (63.2%) 54 (74.0%)

Depth of tumor n.p.
invasion (T) – 
n (%)

T2 124 104 (23.1%) 20 (27.4%)
T3 107 89 (19.7%) 18 (24.7%)
T4 293 258 (57.2%) 35 (47.9%)



diameter between the LVI(+) and LVI(–) groups, as in all
cases. There were also significantly more men in the LVI(+)
group than in the LVI(–) group (Table IV). 

Discussion

The Japanese guidelines and the current AJCC/UICC
guidelines do not include LVI as a prognostic indicator of
gastric cancer in the TNM staging system (9, 19). However,
according to the Japanese guidelines, the presence of
vascular invasion is regarded as important for determining
curability after endoscopic treatment, and if lymphatic or

venous invasion is positive, there is a high possibility of
lymph node metastasis, indicating additional surgical
resection. This evidence is based on large-scale clinical data
(20, 21). Many prognostic factors for gastric cancer have
been proposed in addition to the TNM classification, such
as scoring methods using various clinical data and
molecular biological data (22, 23). LVI, a familiar
pathological finding, has also been researched regarding its
impact on prognosis. Although previous small-cohort studies
have also shown that LVI is an independent factor for lymph
node metastasis and poor prognosis in patients with gastric
cancer, Li et al. reported that the presence of LVI was
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Figure 1. Impact of lymphovascular invasion (LVI) on the prognosis of patients with gastric cancer. (A) Log-rank test for all 2,090 patients; (B)
Log-rank test for early gastric cancer patients (T1); (C) Log-rank test for advance gastric cancer (T2-4).



significantly correlated with advanced TNM stages, and the
disease-free survival (DFS) and disease-specific survival
(DSS) were lower in patients with LVI than in those without
LVI. A multivariate analysis also identified LVI as an
independent prognostic factor for both DSS and DFS (24).
However, according to the TNM staging system, N0 and N+
cases are mixed, even in the same stage. While the revision
of the 8th AJCC TNM staging system has made the
prognosis of each stage even more uniform, even in the
same stage, the survival curves may differ among subgroups
(25). We, therefore, attempted to confirm the independence
of LVI prognosis and stratify the prognostic impact of LVI

in large cohort studies by T and N factors rather than by
TNM stage. 

In the present study, LVI had no effect on the prognosis
in early cancer cases. This result is thought to be due to the
prognostic effects of vascular invasion being offset in many
cases cured by surgical treatment, thus confirming the
validity of treatment according to the above guidelines.
There was no significant difference in the group with
advanced cancer without lymph node metastasis. However,
significant prognostic differences were observed in groups
with advanced cancer with nodal metastasis. The presence of
LVI has been shown to exacerbate the prognosis of advanced
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Figure 2. Prognostic significance of lymphovascular invasion (LVI) in patients stratified by each T-factor and N-factor. (A) Log-rank test for T1 N-;
(B) Log-rank test for T1 N+; (C) Log-rank test for T2-4 N-; (D) Log-rank test for T2-4 N+



gastric cancer that already has lymph node metastasis, and
this result suggests the effects of some unknown
clinicopathological factors.

Although lymphatic invasion has been reported to be
significantly correlated with lymph node metastasis, this
study also confirmed a strong correlation with venous
invasion, that should be equally evaluated (26).
Histologically, the lymph nodes have abundant blood flow
through the import and export lymph vessels, suggesting that
metastases to the lymph nodes may be derived through
routes other than the lymph flow. LVI is thought to be an
early indication of lymph node and other organ metastases.
However, despite the presence of lymph node metastasis,
there are more than a few cases with negative vascular
invasion, and in the present study, 127 of 656 cases (19.4%)
were positive for lymph node metastasis. Based on these
findings, vascular invasion may indicate an invasion
tendency of tumor cells rather than an initial indication of
metastasis to other organs. 

Poorly differentiated cells are generally known to have a
strong tendency to infiltrate. However, in our study, there
was no significant correlation between LVI and
differentiation. It may, therefore, be necessary to interpret
LVI as a completely different indicator of invasion. Many
points concerning the mechanism underlying tumor cell
invasion into the vascular system remain unclear, and further
elucidation is required through basic research.

In Japan, the results of a randomized phase III study have
suggested that conventional chemotherapy with S-1 (oral
fluoropyrimidine) alone is recommended for Stage II cases, and
the addition of docetaxel to S-1 therapy is the recommended
treatment for Stage III cases (27). However, the present
findings suggest that more effective adjuvant chemotherapy is
needed for advanced cancer with lymph node metastasis with
LVI, and there may be cases where the addition of docetaxel
to S-1 therapy should be indicated for Stage II disease. Based
on the present findings, it may be useful to establish a new risk
classification system that is not limited to the current TNM
classification, and incorporates LVI.

Several limitations associated with the present study
warrant mentioning. This report was a retrospective, single-
center study. Our results should be further confirmed in a
multicenter prospective study. An evaluation with H&E-
stained specimens is currently accepted for LVI detection.
However, the histological identification of LVI using H&E
staining is subjective and may underestimate the incidence of
LVI, although it has been shown that the diagnosis of LVI
using H&E staining is sufficiently reliable (16). In addition,
only some sections of the resected specimen were used for the
diagnosis, making it impossible to determine the LVI status of
the whole tumor. This may be related to the fact that LVI may
be the first indication of lymph node metastasis, but there are
also many cases of lymph node metastases without LVI.
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