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Vascular invasion as an independent predictor of poor 
prognosis in nonmetastatic gastric cancer  
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Abstract: The prognostic significance of vascular invasion (VI) in nonmetastatic gastric cancer (GC) remains a mat-
ter of controversy. The purpose of this study was to assess the impact of VI on survival in this group of GC patients. 
We enrolled 361 GC patients without metastasis who underwent curative gastrectomy between 1996 and 2009 in 
Sun Yat-sen University Cancer Center. A retrospective analysis of the clinicopathological data was performed, focus-
ing on the impact of VI detected by routine H&E staining on disease-free survival (DFS) and cancer-specific survival 
(CSS). The presence of VI was detected in 13.9% of our cohort. The VI status was significantly correlated with the 
tumor size, infiltration depth, and TNM stage (P < 0.05). Patients with VI showed significantly lower DFS and CSS 
compared with patients without VI (P < 0.0001 for both). The subgroup analysis indicated that the presence of VI 
was a negative predictor of DFS in all TNM stages and a predictor of lower CSS only in stage I (P < 0.05 for all). A 
multivariate Cox proportional analysis identified VI as an independent predictor of CSS (P = 0.022). The presence 
of VI is a risk factor for recurrence and an independent predictor of poor survival in nonmetastatic GC after curative 
resection. The VI status should be considered to stratify with this group of GC patients for adjuvant treatment and 
more effective follow-up protocol.
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Introduction

Gastric cancer (GC) is the fourth most common 
cancer and ranks second in the causes of can-
cer-related death worldwide [1]. Curative gas-
trectomy with regional lymphadenectomy is the 
standard treatment for patients with stages I-III 
GC. The number of metastatic lymph nodes (N 
stage) are known to be an important prognostic 
factor of GC after curative resection [2]. Despite 
to the assumption of favorable outcomes after 
surgery, 20-30% of patients develop local or 
distant recurrence and die from GC during the 
follow-up period [3, 4]. Therefore, there is a 
need to search for novel clinical, pathological 
and molecular variables to identify nonmeta-
static GC patients with high risk of recurrence 
and mortality, thereby providing a basis for indi-
vidualized treatment planning.

Vascular invasion (VI), which is known as blood 
and/or lymph vessel invasion (LBVI), is the pres-
ence of tumor cells within the lumen of blood 
and/or lymph vessel, producing circulating 
tumor cells. The presence of VI was found to be 
a strong prognostic factor for a poor clinical out-
come in lymph node-negative patients with 
breast carcinoma, bladder cancer, non-small 
cell lung cancer, and colorectal cancer [5-9]. 
The addition of VI to traditional prognostic fac-
tors is considered to contribute to the identifica-
tion of lymph node-negative patients at high 
risk who may be candidates for adjuvant 
therapy.

In terms of GC, the presence of VI has been 
reported to be frequent in surgical specimens 
and significantly linked with lymph node metas-
tasis, a more advanced T stage, and poor sur-
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vival [10-12]. However, the prognostic role of VI 
in nonmetastatic GC has not yet been fully 
established. Several retrospective studies have 
shown that the presence of VI is an indepen-
dent negative predictor of survival in patients 
without metastasis after curative resection 
[13-17]. Due to insufficient validation in large 
studies, the impact of VI on long-term survival 
in nonmetastatic GC remains a matter of con-
troversy. In addition, there is little information 
available to date in terms of the effect of VI on 

recurrence in this group of GC 
patients.

The aim of this study was to 
assess the impact of VI on 
recurrence and long-term sur-
vival in a series of nonmeta-
static patients who under-
went curative resection in our 
center.

Materials and methods

Patient selection 

Between May 1996 and June 
2009, curative gastrectomy 
with regional lymphadenecto-
my was performed on 1,148 
patients in Sun Yat-sen 
University Cancer Center (Gu- 
angzhou, China). A total of 
361 patients were finally 
enrolled as the study cohort 
based on the following crite-
ria: (1) histologically confirmed 
primary gastric adenocarcino-
ma; (2) no adjuvant treatment 
before surgery; (3) complete 
resection of the tumor; (4) 
incised margin was negative; 
(5) without lymph nodes or 
distant metastasis; (6) detail- 
ed and complete follow-up 
data; and (7) dissected lymph 
nodes were more than 15. 
The Institute Research Medi- 
cal Ethics Committee of Sun 
Yat-sen University Cancer 
Center granted approval for 
this study.

The clinicopathologic vari-
ables involved in our study 

Table 1. Correlation between vascular invasion and clinicopatho-
logic characteristics in nonmetastatic gastric carcinoma

Variables
Vascular invasion

All cases Absence Presence P value*

Sex 0.855
    Female 105 91 (86.7%) 14 (13.3%)
    Male 256 220 (85.9%) 36 (14.1%)
Age at diagnosis (years) 0.108
    < 60 168 150 (89.3%) 18 (10.7%)
    ≥ 60 193 161 (83.4%) 32 (16.6%)
CEA† 0.553
    Normal 286 246 (86.0%) 40 (14.0%)
    Elevated 40 33 (82.5%) 7 (17.5%)
CA19-9‡ 0.521
    Normal 277 238 (85.9%) 39 (14.1%)
    Elevated 39 32 (82.1%) 7 (17.9%)
Size (diameter), cm 0.016
    ≤ 5 248 221 (89.1%) 27 (10.9%)
    > 5 113 90 (79.6%) 23 (20.4%)
Lauren classification 0.052
    Diffuse 153 132 (86.3%) 21 (13.7%)
    Mixed 23 16 (69.6%) 7 (30.4%)
    Intestinal 185 163 (88.1%) 22 (11.9%)
Differentiation 0.065
    Well 27 27 (100.0%) 0 (0%)
    Moderate 152 132 (86.8%) 20 (13.2%)
    Poor/undifferentiated 182 152 (83.5%) 30 (16.5%)
Gastric wall invasion < 0. 0001
    T1 67 65 (97.0%) 2 (3.0%)
    T2 51 48 (94.1%) 3 (5.9%)
    T3 220 183 (83.2%) 37 (16.8%)
    T4 23 15 (65.2%) 8 (34.8%)
TNM stage < 0.0001
    I 117 112 (95.7%) 5 (4.3%)
    II 233 192 (82.4%) 41 (17.6%)
    III 11 7 (63.6%) 4 (36.4%)
*Chi-square test; †Preoperative serum CEA was measured in 326 patients; ‡Preop-
erative serum CA19-9 was measured in 316 patients; CEA indicates carcinoembry-
onic antigen; CA19-9 indicates carbohydrate antigen 19-9.

included patient gender (female and male), age 
at diagnosis (< 60 and ≥ 60 years), level of pre-
operative serum carcinoembryonic antigen 
(CEA; elevated and normal), condition of carbo-
hydrate antigen (CA19-9; elevated and normal), 
tumor size (≤ 5 and > 5 cm), tumor differentia-
tion (well, moderate, poor), Lauren classifica-
tion (intestinal, mixed, and diffuse), infiltration 
depth (T1, T2, T3, and T4), TNM stage (I, II, and 
III), VI (absent and presence), disease-free sur-
vival (DFS) time and cancer-specific survival 
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(CSS) time. Detailed information on these vari-
ables is shown in Table 1. The patients were 
followed up every three months for the first 
year, every six months for the next two years 
and annually thereafter. Screening for recur-
rence was performed by a complete history and 
physical examination, gastroscopy, gastrointes-
tinal barium examination, CT and MRI. The 
tumor recurrence was defined as local recur-
rence or metastasis. The DFS time was mea-
sured as the interval between the date of sur-
gery and the date of recurrence, whereas the 
time to death was used when the time of recur-
rence detection remained unknown until the 
patient was dead from GC. The CSS time was 
measured from the date of surgery to the date 
of death from GC.

Pathological evaluation 

All surgical specimens were processed accord-
ing to standard pathological procedures. Two 
pathologists (R.-Z. Luo and M.-Y. Cai) indepen-
dently reviewed all HE-stained slides of the pri-
mary tumors and regional lymph nodes without 
knowledge of the patient clinical parameters 
and the finding of the other reviewer. Any dis-
crepancies were solved by simultaneous re-
examination of the slides by both pathologists 
with a double-headed microscope. At least 
three slides per tumor were available for patho-
logical evaluation according to identical strict 
criteria. Tumor differentiation was determined 
based on the criteria proposed by the WHO 
Classification of Tumors of the Digestive System 
(2010 version); the tumor infiltration depth, the 
lymph node status and the tumor stage was 

defined according to the UICC/AJCC TNM 
(tumor-node-metastasis) Classification System 
(2010 version); and VI was defined as the inva-
sion of vessel walls by tumor cells and/or the 
existence of tumor emboli within an endotheli-
um-lined space [18]. No attempt was made to 
differentiate between vascular and lymphatic 
vessels. Particular attention was taken toward 
artifacts due to peritumoral edema and tissue 
shrinkage. 

Statistical analysis 

The correlation between VI and clinicopatho-
logic variables in nonmetastatic GC patients 
was analyzed by the Chi-square test. The cumu-
lative overall survival rates were calculated by 
the Kaplan-Meier method, and differences 
between the patient groups were tested by the 
log-rank test in univariate analysis. To deter-
mine independent prognostic factors, a Cox 
proportional hazard model was applied for mul-
tivariate analysis. All tests were two sided, and 
P < 0.05 was considered to be statistically sig-
nificant. The SPSS 13.0 statistical software 
(SPSS, Chicago, IL, USA) was used to perform 
the statistical analyses.

Results 

Clinicopathologic characteristics in nonmeta-
static GC patients after curative resection

The clinical data and pathological features of 
our study cohort are detailed in Table 1. A total 
of 361 patients with a male-to-female ratio of 
1:0.4 were enrolled in the present study. The 

Figure 1. Histological patterns of vascular invasion in nonmetastatic gastric cancer. A. Vessel walls were invaded by 
tumor cells. B. Tumor emboli were observed within an endothelium-lined space (H&E staining, original magnification 
×100).
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Figure 2. Impact of vascular invasion on prognosis of 361 gastric cancer patients without lymph node metastasis 
following surgery (log-rank test). There was statistically significant difference in the cancer-specific survival (A) and 
disease-free survival (B) between vascular invasion-positive and -negative patients.

Figure 3. Further assessment of vascular invasion in 361 patients stratified with the TNM stage (log-rank test). The 
presence of vascular invasion was a negative predictor of DFS in all TNM stages (C, D) and a predictor of lower CSS 
only in stage I (A) and failed to demonstrate a significant association with CSS (B) in stage II-III.
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median age at the time of resection was 60 
years (range, 18 to 81 years). The presence of 
VI was detected in 50 patients (13.9%), and VI 
was identified as the invasion of vessel walls by 
tumor cells (Figure 1A) and/or the existence of 
tumor emboli within an endothelium-lined 
space (Figure 1B).

Correlation of VI with clinicopathological char-
acteristics in nonmetastatic GC patients after 
curative resection 

Table 1 shows the correlation of VI with clinico-
pathological characteristics. The presence of VI 

was significantly correlated with the tumor size, 
infiltration depth, and TNM stage (P = 0.016 for 
tumor size; P < 0.0001 for infiltration depth and 
TNM stage). However, there was no significant 
correlation between the presence of VI and 
other variables, such as gender, age at diagno-
sis, CEA, CA19-9, Lauren classification, and 
tumor differentiation (P > 0.05).

Prognostic impact of VI in nonmetastatic GC 
patients after curative resection 

The median follow-up time was 58.0 months 
(range, 3.0 to 156.2 months). The five-year CSS 

Table 2. Univariate and multivariate analyses of different prognostic factors in 361 patients with 
nonmetastatic gastric carcinoma

Variable
Univariate analysis* Multivariate analysis

All cases HR (95% CI) P value HR (95% CI) P value
Sex 0.409
    Female 105 Reference
    Male 256 1.202 (0.777-1.859)
Age at diagnosis (years) 0.020 1.330 (0.892-1.983) 0.162
    ≤ 59 168 Reference
    > 59 193 1.595 (1.076-2.365)
CEA† 0.355
    Normal 286 Reference
     Elevated 40 1.296 (0.748-2.247)
CA19-9‡ 0.050
    Normal 277 Reference
    Elevated 39 1.695 (1.000-2.872)
Size (diameter), cm < 0.0001 1.616 (1.092-2.391) 0.016
    ≤ 5 248 Reference
    > 5 113 2.067 (1.413-3.022)
Lauren classification 0.418
    Diffuse 153 Reference
    Mixed/ Intestinal 208 0.854 (0.584-1.250)
Differentiation 0.143
    Well/moderate 179 Reference
    Poor/undifferentiated 182 1.153 (0.953-1.396)
Gastric wall invasion < 0.0001
    T1/T2 118 Reference
    T3/T4 243 2.869 (1.708-4.818)
TNM stage < 0.0001 2.153 (1.251-3.705) 0.006
    I 117 Reference
    II/III 244 2.834 (1.687-4.760)
Vascular invasion 0.001 1.720 (1.081-2.737) 0.022
    Absent 311 Reference
    Present 50 2.233 (1.417-3.519)
*Cox regression model; †Preoperative serum CEA was measured in 326 patients; ‡Preoperative serum CA19-9 was measured 
in 316 patients; HR indicates hazard ratio; CI indicates confidence interval; CEA indicates carcinoembryonic antigen; CA19-9 
indicates carbohydrate antigen 19-9.
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and DFS rates of all 361 patients were 72.0% 
and 67.6%, respectively. The log-rank test anal-
ysis showed that the five-year CSS was 49.3% 
in patients with VI and 75.7% in patients with-
out VI (Figure 2A), and there was a significant 
difference between the two groups (P < 
0.0001). In addition, DFS was significantly 
decreased in patients with VI compared with 
those without VI (45.4% vs. 71.2%, P < 0.0001), 
as shown in Figure 2B. To investigate the 
impact of VI on patient survival at each stage,  
a stratified analysis was performed. The results 
are shown in Figure 3. In the stage I subgroup, 
there was a distinctive difference in CSS and 
DFS between VI-negative and -positive patients 
(CSS, P < 0.0001; DFS, P = 0.005). In the stage 
II-III subgroup, the presence of VI was associ-
ated with a shorter DFS (P = 0.044) but failed to 
demonstrate a significant association with a 
lower CSS (P = 0.067).

VI is an independent predictor of poor survival 
in nonmetastatic GC patients after curative 
resection

The univariate analysis showed that the vari-
ables affecting CSS included age at diagnosis 
(P = 0.02), tumor size (P < 0.0001), infiltration 
depth (P < 0.0001), TNM stage (P < 0.0001), 
and VI (P = 0.001). To determine independent 
predictors of CSS, a Cox proportional hazard 
model was applied for the multivariate analy-
sis. The results demonstrated that the tumor 
size (HR, 1.616; 95% CI, 1.092-2.391, P = 
0.016), TNM stage (HR, 2.153; 95% CI, 1.251-
3.705, P = 0.006), and VI (HR, 1.72; 95% CI, 
1.081-2.737, P = 0.022) were independent CSS 
predictors in nonmetastatic GC patients after 
curative resection. These results are shown in 
Table 2.

Discussion 

VI comprises lymphatic vessel invasion (LVI) 
and blood vessel invasion (BVI). The prognostic 
impact of VI, either of LVI or BVI, in GC has been 
previously investigated [12, 19-20]. In the liter-
ature, routine H&E staining, elastic fiber stain-
ing, and immunostaining were reported to be 
applied into detecting VI [10-11, 21]. Despite a 
time- and cost-efficient advantage, routine H&E 
staining is traditionally considered to be a sub-
jective evaluation and results in difficulty in dif-
ferentiating between vascular and lymphatic 
vessels. However, some studies have suggest-

ed that clear criteria make it possible to achieve 
good concordance through routine H&E stain-
ing in the diagnosis of VI identified in breast 
carcinoma and upper urinary tract urothelial 
carcinoma [6, 22]. Therefore, to ensure the 
reproducibility of VI detection, all of the slides 
were assessed in the present study by a double 
pathological review according to unified 
criteria.

The prevalence of VI in nonmetastatic GC is not 
consistent. In our group of patients, the inci-
dence of VI identified by H&E staining was 
13.9%, which is relatively lower than that 
obtained in previous studies. Similar to our 
study, Kooby et al. reported an incidence of VI 
of 17% in patients with node-negative gastric 
cancer [15]. However, Jeong et al. observed 
either lymphatic invasion or venous invasion in 
23% of lymph node-negative GC patients [23]. 
The data reported by Ichikawa et al. showed a 
lymphatic invasion rate of 18.2% in node-nega-
tive GC [17]. Variations in the incidence of VI 
may be due to differences in the detection 
methods, criteria for pathological evaluation, 
and percentage of advanced GC. 

Through univariate analysis, we confirmed that 
the presence of VI was significantly associated 
with a shorter CSS. Our results are supported 
by previous studies. Kooby et al. reported that 
the presence of VI is among the factors associ-
ated with poorer disease-specific survival [15]. 
Hyung et al. showed a significantly decreased 
five-year overall survival in lymph node-nega-
tive GC [13]. Moreover, our study demonstrated 
that the presence of VI is also related to earlier 
disease recurrence. To the best of our knowl-
edge, the role of VI in the recurrence of non-
metastatic GC has not been fully investigated. 
The study conducted by Araki et al. revealed 
that moderate or marked venous invasion was 
significantly associated with disease recur-
rence and was an independent prognostic fac-
tor for recurrence in stage IB node-negative GC 
[16]. Hyung et al. found that VI was an indepen-
dent risk factor for recurrence in patients with 
node-negative advanced GC [13]. In the pres-
ent study, both early- and advanced-stage 
patients were enrolled, and our data reveal that 
the presence of VI is a risk factor for recurrence 
in the entire group of nonmetastatic patients.

After stratifying patients with TNM stage, we 
observed distinctive differences in DFS and 
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CSS in the stage I subgroup between VI-negative 
and -positive patients (DFS, P = 0.005; CSS, P 
< 0.0001). Interestingly, in the stage II-III sub-
group, the presence of VI was associated with 
disease recurrence (P = 0.044) but failed to 
demonstrate a significant association with a 
shorter CSS (P = 0.067). Our data indicate that 
the presence of VI appears to not affect surviv-
al in nonmetastatic advanced GC. Similar to our 
study, a study by Jeong et al. showed that 
venous invasion was a significant prognostic 
factor for the overall survival of early GC, where-
as neither venous invasion nor lymphatic inva-
sion was a prognostic factor for advanced GC 
[23]. However, Hyung et al. retrospectively 
reviewed a total of 280 patients who under-
went curative gastrectomy for advanced GC 
without lymph node metastasis and reported 
that the five-year survival rates for patients 
without and with VI were 82.4% and 67.l% (P = 
0.0222) [13]. Hence, the impact of VI on sur-
vival in nonmetastatic advanced GC remains 
unclear. The controversy may be attributed to 
deficiencies in the sample size, retrospective 
nature of the study, inconsistent criteria for VI, 
different definitions of end points (cancer spe-
cific or overall survival), and differences in clini-
copathological characteristics among cohorts.

In our study, we identified that the presence of 
VI is an independent predictor of poor survival 
in nonmetastatic GC after curative resection. 
After adjustment for the effects of tumor size 
and TNM stage, the risk of cancer-specific 
death was approximately 1.7-fold higher in 
patients with VI compared with that in patients 
without VI. Therefore, the presence of VI is a 
feature of biologically and clinically aggressive 
nonmetastatic GC and should be incorporated 
into the UICC/AJCC TNM staging of GC, as in 
hepatocellular carcinoma and testicular germ 
cell tumors [24, 25]. According to data from 
recent clinical trials, adjuvant therapies, che-
motherapy or/and radiotherapy may improve 
the outcomes of nonmetastatic GC accompa-
nied by VI [26, 27].

There are several limitations to our study. First, 
due to a small single-institution retrospective 
study, potential inherent bias may affect the 
interpretation of the results. Second, our study 
spans 13 years, and certain practice patterns, 
including surgical techniques, follow-up proto-
cols, have changed over time. Consequently, 
large-scale, perfectly prospective studies are 
needed to further validate our results.

In conclusion, we identified the presence of VI 
detected by H&E staining as a risk factor for 
recurrence and an independent predictor of 
poor survival in nonmetastatic GC after cura-
tive resection. The VI status should be consid-
ered to stratify nonmetastatic GC for adjuvant 
treatment and more effective follow-up 
protocol.
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