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Abstract
Background  Lymphovascular invasion (LVI) has been identified as a prognostic factor in various cancers, but its 
significance in node-negative gastric cancer remains unclear. Gastric cancer prognosis is notably affected by lymph 
node metastasis, with LVI potentially indicating metastatic spread.

Methods  A retrospective review was conducted on 5,699 patients who underwent curative radical gastrectomy 
for gastric cancer between 1989 and 2018. The median follow-up duration was 62 months (0–362 months). Overall, 
disease-specific, and disease-free survival were compared based on LVI status and stratified by T stage. Additionally, 
patients with stage IIA or T2N0 were further evaluated to clarify the clinical significance of LVI in the T2N0 group.

Results  The T2N0 LVI-positive group exhibited significantly poor prognosis than those in the T2N0 LVI-negative 
group, with no significant differences observed on comparing the T2N0 LVI-positive group with the T2N1 LVI-negative 
or LVI-positive groups. Furthermore, although the T2N0 LVI-negative group demonstrated better prognosis compared 
to the IIA group, the T2N0 LVI-positive group exhibited worse survival. In addition, LVI positivity was an independent 
risk factor for overall survival in T2N0 patients.

Conclusions  LVI in node-negative gastric cancer has clinical significance as a prognostic indicator, indicating an 
increased risk of disease recurrence and poor survival especially in T2 cohort. This indicates an increased likelihood of 
lymph node involvement and may influence treatment decisions and follow-up strategies.
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Introduction
Gastric cancer remains a significant global health chal-
lenge, ranking as one of the leading causes of cancer-
related mortality worldwide [1]. The prognosis of gastric 
cancer is closely associated with the presence of lymph 
node (LN)metastasis. In cases of advanced gastric cancer 
(T2 or higher), the presence of LN metastasis serves as 
an indication for adjuvant chemotherapy [2]. This is due 
to the significantly poorer outcomes observed in patients 
with LN positive gastric cancer compared to those with-
out nodal involvement [3, 4]. 

Risk factors for LN metastasis in gastric cancer include 
tumor size, depth of invasion, histologic type, and pres-
ence of lymphovascular invasion (LVI) [5, 6]. Notably, the 
criteria for endoscopic submucosal dissection (ESD) also 
consider these factors to minimize the risk of overlooking 
potential LN metastasis [7]. The accuracy of pathologic 
reports on LN status could be influenced by the extent 
of LN retrieval and the anatomical section examined. 
Consequently, a diagnosis of node-negative gastric can-
cer might not preclude the presence of undetected LN 
metastasis, potentially leading to a false-negative assess-
ment and a poor prognosis [8, 9]. 

LVI, which is characterized by the invasion of vessel 
walls by tumor cells and/or the presence of tumor emboli 
inside an endothelial-lined area, are the earliest indicator 
of LN metastasis or distant metastasis [10]. The preva-
lence and predictive value of LVI vary significantly across 
different types of cancer, including colorectal cancer, uro-
thelial carcinoma, and breast cancer, where it is recog-
nized as a prognostic factor [11–14]. 

This study aims to elucidate the clinical significance of 
LVI in patients with node-negative gastric cancer, partic-
ularly its role in predicting the likelihood of LN metasta-
sis. By understanding the implications of LVI, we could 
better stratify patients for appropriate their therapeutic 
interventions and improve prognostic assessments in this 
patient population.

Materials and methods
Patient population and data collection
Patients diagnosed with gastric adenocarcinoma who 
underwent curative radical gastrectomy between 1989 
and 2018 at Seoul St. Mary’s Hospital were considered for 
inclusion. The criteria for inclusion were pathologically 
confirmed primary gastric adenocarcinoma, R0 resection 
(indicating no macroscopic or microscopic tumor rem-
nants), and complete data availability. Exclusions were 
made for patients with metastatic lesions, those who 
received preoperative chemotherapy or radiation ther-
apy, and those lacking information on LVI status. After 
applying these criteria, 5,699 patients were included in 
the study. Data on demographics, clinical and pathologic 

characteristics, operative details, long-term recurrence, 
and survival were collected retrospectively.

Preoperative clinical characteristics were categorized 
based on the Eastern Cooperative Oncology Group 
(ECOG) performance status [15]. Surgical procedures 
adhered to the Korean Gastric Cancer Treatment Guide-
lines [2]. Pathologic staging was determined using the 8th 
edition of the American Joint Cancer Committee TNM 
classification system [16]. LN sorting was performed 
using a combination of fine LN sorting and regional 
LN sorting methods [17]. The surgeon separated lymph 
nodes by station from the stomach on the operating 
room bench and delivered them to the pathology depart-
ment. The pathologist then picked the lymph nodes from 
each station and prepared pathology slides. The patho-
logical criteria for determining LVI were based on the 
guidelines of pathologic report for gastric cancer [10]. 

Patients were followed up every 3 or 6 months for the 
first 5 years post-surgery and then annually until death 
or loss to follow-up. The median follow-up duration 
was 62 months (range: 0 to 362 months). Adjuvant che-
motherapy was administered based on the stage, overall 
health, and patient preference. Indications for adjuvant 
chemotherapy were a pathologic stage of IIA or higher. 
The primary chemotherapy regimens were fluoropyrim-
idine-based or platinum-combination therapies, with the 
addition of irinotecan or taxane on a case-by-case basis. 
Locoregional recurrence was defined as recurrence in the 
remnant stomach, anastomosis site, or perigastric LNs. 
Distant LN recurrence was identified as recurrence in 
distant LNs or the ovaries. Distant organ recurrence was 
defined as recurrence in other organs, such as the lungs, 
liver, or bones, and peritoneal recurrence was defined as 
recurrence within the peritoneal cavity. In cases where 
recurrence involved multiple sites, classification was 
based on the site with the highest severity.

This study received approval from the institutional 
review board of the ethics committee of the College of 
Medicine at the Catholic University of Korea (approval 
no. KC23RISI0702). All patient records were anonymized 
and de-identified before analysis.

Cohorts.
Patients were grouped into five cohorts based on 

pathologic stage: (1) T1 cohort, (2) T2 cohort, (3) T3 
cohort, (4) T4 cohort, and (5) TNM stage IB and IIA 
cohort. The T1 to T4 cohorts were further divided into 
four groups based on N stage and LVI status. Groups A 
and B were N0, and groups C and D were N1. The IB and 
IIA cohort was divided into four groups based on patho-
logic stage: (1) IIA, (2) T2N0 LVI positive, (3) T2N0 LVI 
negative, and (4) T1N1. Groups 2 to 4 were in the patho-
logic stage IB. The definitions of the cohorts and groups 
are detailed in Supplemental Table 1.
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Statistical analysis
Categorical variables were analyzed using the chi-square 
or Fisher’s exact test, as appropriate. Continuous vari-
ables are presented as means ± standard deviations and 
were compared using the Student’s t-test or an analysis 
of variance (ANOVA). Survival rates were analyzed using 
Kaplan-Meier survival curves. A Cox regression analysis 
was performed to identify the risk factors for survival. A 
p-value of < 0.05 was considered statistically significant. 
All statistical evaluations were conducted using SPSS 
(version 24; SPSS, Inc., Chicago, IL, USA) for Windows.

Result
Patient demographic and clinicopathological 
characteristics
A total of 5,699 patients were included. The clinico-
pathologic characteristics based on LVI presence are 
detailed in Supplemental Table 2. The LVI positive group 
had older patients, more open surgical approaches, and 
more total gastrectomies. There were also more cases 
with D2 or more extensive dissections. Tumor sizes were 
relatively larger in the LVI positive group, and there were 
more undifferentiated types. Overall, the pathologic stage 
was higher in the LVI positive group.

As seen in Supplemental Table 2, LVI positivity was 
more frequently observed as the stage increased, lead-
ing to a subgroup analysis. Before analyzing according to 
the TNM Stage, an initial analysis was conducted based 
on T stage, N stage, and LVI presence. In the T1 to T4 
cohort, Group B is the N0 LVI positive group, which is 
essential for verifying the hypothesis that LVI positive 
has a prognosis similar to N1. Additionally, in the IB and 
IIA cohort, Group 2 is T2N0 LVI positive, which is sig-
nificant because if LVI positive is interpreted as N1, the 
stage could shift from IB to IIA. In each cohort analysis, 
Groups B and 2 will be the primary focus for comparison 
with other groups.

T1 cohort
A total of 3,187 patients with pathologic T1 were grouped 
into four categories based on N stage and LVI status, and 
their clinicopathologic characteristics were analyzed. 
Groups A and B were classified as stage IA, while groups 
C and D were classified as IB. Group A was younger, 
underwent less extensive LN dissection, and had smaller 
tumor sizes. Groups A and C (LVI negative) showed a 
higher proportion of undifferentiated type adenocarci-
noma. No significant differences were observed among 
the groups when focusing on Group B (Supplemental 
Tables 3 − 1). In survival analysis, Group B showed sta-
tistically significant poorer overall survival (OS) and 
disease-specific survival (DSS) compared to Group A, 
with no significant difference when compared to Groups 
C and D. No differences in disease-free survival (DFS) 

were observed among all groups (Supplemental Fig. 1). In 
other words, in the T1 cohort, when N0 with LVI posi-
tive, the prognosis is poorer than N0 and similar to N1.

T2 cohort
The same analysis was conducted on a total of 553 T2 
patients. Groups A and B were in stage IB, while groups 
C and D were in stage IIA. Group A was younger and 
had smaller tumor sizes. No significant differences were 
observed in the extent of gastrectomy, LN dissection, his-
tologic type, and number of harvested LNs (Supplemen-
tal Tables 3 − 2). In survival analysis, Group B showed 
statistically significant poorer OS and DSS compared 
to Group A. When compared to Groups C and D (stage 
IIA), Group B (stage IB, T2N0 LVI positive) showed no 
significant difference, but a trend towards poorer OS. 
Differences in DFS were observed between Groups A and 
D, with no differences between Group B and the other 
groups (Supplemental Fig. 2).

T3 cohort
An identical analysis was executed on a cohort of 451 T3 
patients. Groups A and B were categorized under stage 
IIA, while Groups C and D fell under stage IIB. Notably, 
Groups A and C consisted of younger patients. Other 
variables did not show significant differences across the 
groups (Supplemental Tables 3–3). In the survival analy-
sis, Group B did not demonstrate significant disparities 
in OS, DSS, and DFS when compared to Groups A and 
C. Intriguingly, Group B exhibited superior OS, DSS, and 
DFS compared to Group D (Supplemental Fig. 3).

T4 cohort
A parallel analysis was conducted on a cohort of 259 T4 
patients. It’s essential to note that all patients within the 
T4 cohort were classified as T4a, with no instances of 
T4b. Groups A and B were designated under stage IIB, 
while Groups C and D were classified under stage IIIA. 
Some variations were observed in the surgical approach 
methods across the groups. However, these differences 
did not translate into significant disparities overall (Sup-
plemental Tables 3–4). Across all groups, there were no 
discernible differences in OS, DSS, and DFS (Supplemen-
tal Fig. 4).

IB and IIA cohort
This cohort is pivotal for the validation of the study’s 
hypothesis. The analysis encompassed a total of 1,229 
patients, with Group 1 falling under stage IIA and 
Groups 2, 3, and 4 categorized under stage IB. It was 
observed that Group 3 predominantly consisted of 
younger patients, whereas Group 2 had an older demo-
graphic. Some variations in gender distribution were 
noted across the groups. Group 3 exhibited a higher 
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inclination towards open surgical approaches, and Group 
1 had a more frequent occurrence of total gastrectomy. 
Group 4 had a pronounced proportion of D1 + LN dis-
section. Group 1 was characterized by larger tumor sizes, 
and there were subtle differences in histologic types 
across the groups (Table 1). In terms of survival analysis, 
Group 2 displayed a poorer OS compared to Groups 1, 
3, and 4. Group 1 also had a diminished OS when com-
pared to Groups 3 and 4, with no significant disparities 
observed between Groups 3 and 4. In DSS, Groups 1 and 
2 did not show significant differences, and neither did 
Groups 3 and 4. However, Groups 1 and 2 were markedly 
poorer than Groups 3 and 4. DFS mirrored the results of 
DSS, with only a trend being observed between Groups 2 
and 3 (Fig. 1).

Recurrence pattern
The recurrence patterns were analyzed in the IB and IIA 
cohorts. Additionally, post hoc analyses were conducted 
to examine whether recurrence patterns differed based 

on LVI status in T2 cases. Group 1 had a higher overall 
recurrence rate, with a significantly higher rate of recur-
rence in distant organs compared to Group 4. However, 
no significant differences were observed when com-
pared to Group 2 or Group 3. Notably, Group 2 exhibited 
slightly higher recurrence rates in distant lymph nodes 
and distant organs compared to Groups 3 or 4, but the 
statistical significance was observed only compared to 
Group 4 (Table 2).

Risk factors for overall survival in T2BN0 patients
To determine whether LVI status independently impacts 
prognosis in T2N0 patients, a Cox regression analysis 
was performed for overall survival. Variables included 
in the analysis were age, sex, ECOG status, surgical 
approach, extent of gastrectomy, extent of lymph node 
dissection, tumor size, histological classification, and LVI 
status. The results indicated that both age and LVI posi-
tivity were independent prognostic factors, with a hazard 
ratio of 2.141 for LVI positivity (Table 3).

Table 1  Clinicopathological characteristics of the IB and IIA cohort (n = 1,229)
Group 1 Group 2 Group 3 Group 4

Variables IIA
(n = 552)

T2N0 LVI(+) (IB)
(n = 109)

T2N0 LVI(-) (IB)
(n = 283)

T1N1 (IB)
(n = 285)

p-value

Age (year) 59.3 ± 12.4 63.3 ± 12.2 58.2 ± 12.3 61 ± 12.1 0.001
Sex 0.005
  Male 385 (69.7) 76 (69.7) 216 (76.3) 178 (62.5)
  Female 167 (30.3) 33 (30.3) 67 (23.7) 107 (37.5)
BMI (kg/m2) 23.8 ± 3.1 23.7 ± 2.5 23.3 ± 3.2 23.7 ± 3.4 0.602
ECOG score 0.407
  0 or 1 537 (97.3) 105 (96.3) 272 (96.1) 280 (98.2)
  2 or higher 15 (2.7) 4 (3.7) 11 (3.9) 5 (1.8)
Approach 0.000
  Open 426 (77.2) 74 (67.9) 234 (82.7) 156 (54.7)
  Laparoscopy 118 (21.4) 34 (31.2) 46 (16.3) 122 (42.8)
  Robot 8 (1.4) 1 (0.9) 3 (1.1) 7 (2.5)
Extent of gastrectomy 0.001
  Total gastrectomy 146 (26.4) 25 (22.9) 66 (23.3) 41 (14.4)
  Distal gastrectomy 404 (73.2) 83 (76.1) 215 (76) 244 (85.6)
  Proximal gastrectomy 2 (0.4) 1 (0.9) 2 (0.7) 0 (0)
Extent of lymph node dissection 0.000
  D1+ 106 (19.2) 23 (21.1) 58 (20.5) 96 (33.7)
  D2 or more 446 (80.8) 86 (78.9) 225 (79.5) 189 (66.3)
OP time 197.3 ± 52.7 183.7 ± 57.2 195.9 ± 45.6 186.3 ± 55.2 0.093
EBL 145 ± 109.5 124.1 ± 91.9 143.1 ± 122.3 139.8 ± 161.2 0.730
Number of tumor 0.228
  Single 530 (96) 101 (92.7) 264 (93.3) 270 (94.7)
  Multiple 22 (4) 8 (7.3) 19 (6.7) 15 (5.3)
Tumor size 4.7 ± 2.6 4.3 ± 2.3 3.7 ± 1.8 3.8 ± 2 0.000
Histology 0.008
  Differentiated type 246 (44.6) 58 (53.2) 119 (42) 155 (54.4)
  Undifferentiated type 305 (55.4) 51 (46.8) 164 (58) 130 (45.6)
Number of harvested lymph nodes 42.3 ± 17.2 40.9 ± 16.8 43.4 ± 18.1 40.4 ± 16 0.175
LVI, lymphovascular invasion; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; OP, operation; EBL, estimated blood loss
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Discussion
LN metastasis significantly influences the prognosis 
of gastric cancer. Consequently, gastric cancer treat-
ment guidelines recommend harvesting at least 16 LNs 
to ensure accurate staging [2, 18]. The N stage in gastric 
cancer is determined by the number of metastatic LNs. 
However, diagnosing LN metastasis presents several chal-
lenges. Firstly, there is the issue of how many LNs hidden 
within fat-like tissue can be collected. These include the 
potential for LN omission during pathology review and 
the risk of false negatives depending on the LN slide sec-
tion examined. Despite these challenges, such LN false 
negatives do not significantly impact prognosis. In gas-
tric cancer, two main scenarios could lead to significant 
changes in treatment due to false negatives. The first 
scenario involves patients eligible for ESD. However, if 
LVI is determined to be positive after ESD, an additional 
radical gastrectomy is performed, which means the final 
outcome may not significantly differ [19]. The second 
scenario is related to stage migration, which determines 
the need for adjuvant chemotherapy. For example, while 
T2N0 might not indicate adjuvant chemotherapy as 

Stage IB, the presence of one LN metastasis changing the 
classification to T2N1 would make it Stage IIA, indicat-
ing the need for adjuvant chemotherapy. Therefore, false 
negatives in LN status in T2 patients can significantly 
influence the decision to administer adjuvant chemother-
apy, thereby impacting prognosis [2]. 

There are various methods for predicting LN metasta-
sis in gastric cancer. Similar to the criteria for ESD indi-
cations, factors such as depth of invasion, tumor size, and 
tumor histology can be utilized [6, 7, 20]. Additionally, 
LVI is a well-known risk factor for LN metastasis [21]. 
Lymphatics and vessels, located within the gastric sub-
mucosal layer, when found to contain tumor cells, are 
recognized as risk factors for LN metastasis [10]. Fur-
thermore, studies have reported that LVI itself influences 
the prognosis of cancer, serving as an independent prog-
nostic factor and part of the staging in various cancers 
such as colorectal cancer, breast cancer, urothelial car-
cinoma, endometrial cancer, and oral tongue squamous 
cell carcinoma [22–26]. However, in gastric cancer, while 
LVI is considered a high-risk factor for LN metastasis and 
is important for determining the curability of ESD, its 

Table 2  Recurrence pattern
Group 1 Group 2 Group 3 Group 4

Variables IIA
(n = 552)

T2N0 LVI(+) (IB)
(n = 109)

T2N0 LVI(-) (IB)
(n = 283)

T1N1 (IB)
(n = 285)

p-value

Recurrence pattern 0.008
  No recurrence 505 (91.5) 102 (93.6) 273 (96.5) 279 (97.9)
  Locoregional recurrence 5 (0.9) 0 (0) 1 (0.4) 1 (0.4)
  Distant LNs 5 (0.9) 2 (1.8) 1 (0.4) 0 (0)
  Distant organs 37 (6.7) 5 (4.6) 8 (2.8) 5 (1.8)
p-values of post hoc analyses
  vs. Group 1 0.493 0.051 0.002
  vs. Group 2 0.493 0.259 0.029
  vs. Group 3 0.051 0.259 0.669
  vs. Group 4 0.002 0.029 0.669
LVI, lymphovascular invasion; LN, lymph node

Fig. 1  Survival analysis of IB and IIA cohort. Kaplan-Meier curves show Group 2 with significantly poorer OS compared to Groups 1, 3, and 4. Group 1 also 
demonstrates reduced OS in relation to Groups 3 and 4, though Groups 3 and 4 are similar in OS. In DSS, no significant differences are noted between 
Groups 1 and 2 or between Groups 3 and 4; however, both Groups 1 and 2 have markedly poorer DSS compared to Groups 3 and 4. DFS patterns are 
consistent with DSS findings, with a notable trend between Groups 2 and 3. This underscores varied prognostic outcomes based on group classifications
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significance beyond this context has not been as empha-
sized. Consequently, it has not yet been incorporated into 
the staging system [27–30]. 

Therefore, we analyzed the clinical significance of 
LVI by comparing the prognosis according to LVI sta-
tus in node-negative patients. The patients were divided 
into cohorts based on their T stage, with the T2 cohort 
anticipated to show the most significant difference. The 
presence or absence of LN metastasis in the T2 cohort 
determines the indication for adjuvant chemotherapy [2, 
31, 32]. Thus, a T2N0 patient with a false-negative node 
could be considered for adjuvant chemotherapy indi-
cation, but the actual stage being IB might result in not 
receiving chemotherapy. Indeed, the results of our study 
showed that the T2N0 group with positive LVI had a sig-
nificantly poorer prognosis compared to the T2N0 group 
with negative LVI. There was no significant difference in 
prognosis between the T2N1 group regardless of LVI sta-
tus. When comparing the T2N0 group with positive LVI 
to the T2N1 group, the T2N0 with positive LVI, classi-
fied as stage IB, exhibited a significantly poorer prognosis 
than the T2N1 group classified as stage IIA. This differ-
ence could be attributed to the variation in the adminis-
tration of adjuvant chemotherapy.

In the T1 cohort, there was no significant difference 
based on LVI status in terms of long-term survival. This 

is likely because patients in this cohort were all classi-
fied as stage IA or IB, for which adjuvant chemotherapy 
is not indicated, and all had very good prognoses, result-
ing in no significant differences. Similarly, no significant 
differences in prognosis were observed in the T3 and 
T4 cohorts. For the T3 cohort, which could range from 
stage IIA to IIB, and the T4 cohort, which could range 
from stage IIB to IIIA, stage migration is possible. How-
ever, since all are indications for adjuvant chemotherapy, 
there was no difference in treatment modality, leading to 
no significant difference in prognosis.

Ultimately, to consider a revision of the stage for 
patients with T2N0 and positive LVI, a comparison was 
made with the stage IB and IIA cohorts. The results 
showed that T2N0 patients with positive LVI, belonging 
to stage IB, had a significant poor prognosis compared to 
those in the same stage IB, such as T1N1 and T2N0 with 
negative LVI, and no significant difference was observed 
with the stage IIA group. Additionally, T2N0 patients 
with positive LVI demonstrated a higher tendency for 
recurrence in distant LNs and distant organs compared 
to other stage IB patients. Moreover, LVI positivity was 
an independent risk factor for OS in T2N0 patients. 
These findings suggest that the T2N0 group with positive 
LVI could be considered for adjuvant chemotherapy as if 
they were in stage IIA.

Table 3  Risk factors for overall survival in T2N0 patients
Variables Univariate Multivariate

HR LCI UCI p-value HR LCI UCI p-value
Age 1.091 1.067 1.114 0.000 1.088 1.066 1.111 0.000
Sex
  Male Reference
  Female 0.658 0.399 1.082 0.099 0.681 0.430 1.077 0.100
ECOG
  0 or 1 Reference
  2 or higher 0.573 0.138 2.374 0.442
Approach
  Open Reference
  Minimally invasive surgery 0.918 0.364 2.318 0.856
Extent of gastrectomy
  Total gastrectomy Reference
  Partial gastrectomy 1.003 0.578 1.740 0.992
Extent of LN dissection
  D1+ Reference
  D2 or higher 1.144 0.616 2.126 0.670
Tumor size 1.010 0.928 1.100 0.812
Histological classification
  Differentiated type Reference
  Undifferentiated type 1.078 0.712 1.632 0.722
LVI status
  LVI negative Reference
  LVI positive 2.117 1.372 3.267 0.001 2.141 1.398 3.280 0.000
HR, hazard ratio; LCI, lower confidence interval; UCI, upper confidence interval; ECOG, Eastern Cooperative Oncology Group; LN, lymph node; LVI, lymphovascular 
invasion
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This study has several limitations. Firstly, as a single-
center retrospective study, there may be a selection bias. 
Additionally, to support the claims of this study, future 
prospective research is needed, which would involve 
administering adjuvant chemotherapy to the T2N0 group 
with positive LVI and directly comparing them with the 
stage IIA group. Despite these limitations, to the best of 
our knowledge, this study is the first to confirm the clini-
cal significance of LVI in node negative T2 gastric cancer.

Conclusion
This study highlights the clinical significance of LVI in 
node negative gastric cancer, suggesting LVI as a poten-
tial prognostic factor, particularly in the T2 cohort. 
The presence of LVI seemed to be associated with an 
increased risk of disease recurrence and poorer OS, 
reflecting a higher likelihood of occult LN involvement. 
These findings suggest that incorporating LVI into the 
staging system for node-negative gastric cancer could 
enhance prognostic accuracy and guide treatment deci-
sions. Future research should aim to validate these 
observations and assess the potential benefits of staging 
modifications informed by LVI status.

Abbreviations
LVI	� Lymphovascular invasion
OS	� Overall survival
DSS	� Disease-specific survival
DFS	� Disease-free survival
LN	� Lymph node
ESD	� Endoscopic submucosal dissection
ECOG	� Eastern Cooperative Oncology Group

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​9​5​7​-​0​2​4​-​0​3​6​2​9​-​6​​​​​.​​

Supplementary Material 1

Supplementary Material 2: Fig. 1. Survival analysis of T1 cohort. Kaplan-
Meier curves depict Group 2 with significantly poorer OS and DSS 
compared to Group 1, and outcomes comparable to Groups 3 and 4. No 
significant differences in DFS were observed across all groups. This high-
lights the prognostic impact of LVI in node-negative patients.

Supplementary Material 3: Fig. 2. Survival analysis of T2 cohort. Kaplan-
Meier curves show that Group 2 has significantly worse OS and DSS 
compared to Group 1. Outcomes for Group 2 are similar to Groups 3 and 
4, with a trend towards poorer OS. DFS differs between Groups 1 and 4, 
while Group 2 shows comparable DFS to all other groups. This illustrates 
the nuanced impact of LVI on survival outcomes in early-stage gastric 
cancer.

Supplementary Material 4: Fig. 3. Survival analysis of T3 cohort. Kaplan-
Meier curves illustrate that Group 2 shows no significant differences in 
OS, DSS, and DFS when compared to Groups 1 and 3. However, Group 2 
exhibits significantly better OS, DSS, and DFS than Group 4. This suggests 
that factors specific to Group 2 may confer a survival advantage over those 
in Group 4.

Supplementary Material 5: Fig. 4. Survival analysis of T4 cohort. Kaplan-
Meier curves display that there are no significant differences in OS, DSS, 
and DFS across all groups. This indicates a uniformity in survival outcomes 
irrespective of group distinctions within this cohort.

Author contributions
Conceptualization: Seo H; Data curation: AI Alangari, Kim S, Seo H; Formal 
analysis: AI Alangari, Seo H; Investigation: AI Alangari, Seo H; Validation: Kim S, 
Lee HH, Seo H; Writing – original draft: AI Alangari; Writing – review & editing: 
Kim S, Lee HH, Song KY, Seo H.

Funding
This study was supported by the National Research Foundation of Korea 
(NRF) grant funded by the Korea government (MSIT) (No. 2020R1A2C1012007 
and RS-2022-00166271), the Catholic Medical Center Research Foundation 
made in the program year 2021, and the Research Supporting Program of 
the Korean Gastric Cancer Association (KGCA2022IC2 and KGCA2022IC3), the 
Korean Society of Endo-Laparoscopic & Robotic Surgery for 2022 (No. KSERS-
22-04). The sponsor of the study was not involved in the study design, analysis, 
and interpretation of data, writing of the report, or the decision to submit the 
study results for publication.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The Institutional Review Board has approved this study. Informed consent was 
considered unnecessary due to the retrospective and observational design 
of the study. This study was performed in line with the ethical guidelines of 
the Declaration of Helsinki, and all clinical information was anonymized and 
deidentified prior to analysis.

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors have no potential conflicts (financial, professional, or personal) to 
disclose. No company provided financial support for this study.

Received: 3 October 2024 / Accepted: 15 December 2024

References
1.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I et al. Global 

cancer statistics 2022: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2024.

2.	 Kim TH, Kim IH, Kang SJ, Choi M, Kim BH, Eom BW, et al. Korean Practice 
Guidelines for Gastric Cancer 2022: An Evidence-based, Multidisciplinary 
Approach. J Gastric Cancer. 2023;23:3–106.

3.	 Kim SG, Seo HS, Lee HH, Song KY, Park CH. Comparison of the Differences in 
Survival Rates between the 7th and 8th Editions of the AJCC TNM Staging 
System for Gastric Adenocarcinoma: a Single-Institution Study of 5,507 
Patients in Korea. J Gastric Cancer. 2017;17:212–9.

4.	 Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgical 
treatment of gastric cancer: 15-year follow-up results of the randomised 
nationwide Dutch D1D2 trial. Lancet Oncol. 2010;11:439–49.

5.	 Yamao T, Shirao K, Ono H, Kondo H, Saito D, Yamaguchi H, et al. Risk factors 
for lymph node metastasis from intramucosal gastric carcinoma. Cancer. 
1996;77:602–6.

6.	 Seo HS, Lee GE, Kang MG, Han KH, Jung ES, Song KY. Mixed Histology Is a 
Risk Factor for Lymph Node Metastasis in Early Gastric Cancer. J Surg Res. 
2019;236:271–7.

7.	 Gotoda T. Endoscopic resection of early gastric cancer: the Japanese perspec-
tive. Curr Opin Gastroenterol. 2006;22:561–9.

8.	 Puli SR, Batapati Krishna Reddy J, Bechtold ML, Antillon MR, Ibdah JA. How 
good is endoscopic ultrasound for TNM staging of gastric cancers? A meta-
analysis and systematic review. World J Gastroenterol. 2008;14:4011–9.

9.	 Zeng Y, Wei S, Chen S, Zhan Z, Wang Y, Wang Z, et al. The Influence of Group 
No.8p Lymph Node Dissection on the Prognosis of Advanced Gastric Cancer. 
J Gastrointest Surg. 2023;27:887–94.

https://doi.org/10.1186/s12957-024-03629-6
https://doi.org/10.1186/s12957-024-03629-6


Page 8 of 8Alangari et al. World Journal of Surgical Oncology          (2024) 22:340 

10.	 Park YS, Kook MC, Kim BH, Lee HS, Kang DW, Gu MJ, et al. A Standard-
ized Pathology Report for Gastric Cancer: 2nd Edition. J Gastric Cancer. 
2023;23:107–45.

11.	 Lim SB, Yu CS, Jang SJ, Kim TW, Kim JH, Kim JC. Prognostic significance of 
lymphovascular invasion in sporadic colorectal cancer. Dis Colon Rectum. 
2010;53:377–84.

12.	 Cheng L, Montironi R, Davidson DD, Lopez-Beltran A. Staging and reporting 
of urothelial carcinoma of the urinary bladder. Mod Pathol. 2009;22(Suppl 
2):S70–95.

13.	 Song YJ, Shin SH, Cho JS, Park MH, Yoon JH, Jegal YJ. The role of lymphovas-
cular invasion as a prognostic factor in patients with lymph node-positive 
operable invasive breast cancer. J Breast Cancer. 2011;14:198–203.

14.	 Zhang CD, Ning FL, Zeng XT, Dai DQ. Lymphovascular invasion as a predictor 
for lymph node metastasis and a prognostic factor in gastric cancer patients 
under 70 years of age: A retrospective analysis. Int J Surg. 2018;53:214–20.

15.	 Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al. 
Toxicity and response criteria of the Eastern Cooperative Oncology Group. 
Am J Clin Oncol. 1982;5:649–55.

16.	 Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, 
et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a 
bridge from a population-based to a more personalized approach to cancer 
staging. CA Cancer J Clin. 2017;67:93–9.

17.	 Zeng Y, Chen LC, Ye ZS, Deng JY. Examined lymph node count for gastric 
cancer patients after curative surgery. World J Clin Cases. 2023;11:1930–8.

18.	 Liu YY, Fang WL, Wang F, Hsu JT, Tsai CY, Liu KH, et al. Does a Higher Cutoff 
Value of Lymph Node Retrieval Substantially Improve Survival in Patients 
With Advanced Gastric Cancer?-Time to Embrace a New Digit. Oncologist. 
2017;22:97–106.

19.	 Park KB, Jeon CH, Seo HS, Jung YJ, Song KY, Park CH, et al. Operative safety 
of curative gastrectomy after endoscopic submucosal dissection (ESD) for 
early gastric cancer – 1:2 propensity score matching analysis: A retrospective 
single-center study (cohort study). Int J Surg. 2020;80:124–8.

20.	 Watanabe A, McKendry GJ, Yip L, Donnellan F, Hamilton TD. Risk of lymph 
node metastasis in early gastric cancer for a Western population. J Surg 
Oncol. 2023;127:791–7.

21.	 Sun B, Li H, Gu X, Cai H. Prognostic Implication of Lymphovascular Invasion 
in Early Gastric Cancer Meeting Endoscopic Submucosal Dissection Criteria: 
Insights from Radical Surgery Outcomes. Cancers (Basel) 2024;16.

22.	 Bae JH, Kim JH, Lee J, Kye BH, Lee SC, Lee IK et al. Addition of V-Stage to 
Conventional TNM Staging to Create the TNVM Staging System for Accurate 

Prediction of Prognosis in Colon Cancer: A Multi-Institutional Retrospective 
Cohort Study. Biomedicines 2021;9.

23.	 Lee H, Jang Y, Cho YA, Cho EY. Residual pure intralymphatic carcinoma 
component only (lymphovascular tumor emboli without invasive carcinoma) 
after neoadjuvant chemotherapy is associated with poor outcome: Not 
pathologic complete response. Hum Pathol. 2024;145:1–8.

24.	 Cirulli GO, Corsi N, Rakic I, Stephens A, Chiarelli G, Finati M et al. Impact of 
lymphovascular invasion on survival in surgically treated upper tract urothe-
lial carcinoma: a nationwide analysis. BJU Int 2023.

25.	 Akdöner A, Kurt S, Yavuz O, Bayram E, Üresin M, Ulukuş E. Effect of low uterine 
segment involvement on prognosis of early stage endometrial cancer. J 
Obstet Gynaecol Res 2024.

26.	 Tian Q, Jiang L, Dai D, Liu L, Shi X, Guo Y et al. Impact of Postoperative Radio-
therapy on the Prognosis of Early-Stage (pT1-2N0M0) Oral Tongue Squamous 
Cell Carcinoma. J Clin Oncol 2024:Jco2301106.

27.	 Sumiyoshi S, Ohashi T, Kubota T, Nishibeppu K, Owada K, Kiuchi J, et al. Lym-
phovascular invasion is associated with poor long-term outcomes in patients 
with pT1N0-3 or pT2-3N0 remnant gastric cancer: a retrospective cohort 
study. World J Surg Oncol. 2024;22:86.

28.	 Zhang F, Chen H, Luo D, Xiong Z, Li X, Yin S, et al. Lymphovascular or perineu-
ral invasion is associated with lymph node metastasis and survival outcomes 
in patients with gastric cancer. Cancer Med. 2023;12:9401–8.

29.	 Bu Z, Zheng Z, Li Z, Zhang L, Wu A, Wu X, et al. Lymphatic vascular invasion is 
an independent correlated factor for lymph node metastasis and the prog-
nosis of resectable T2 gastric cancer patients. Tumour Biol. 2013;34:1005–12.

30.	 Mei D, Zhao B, Zhang J, Luo R, Lu H, Xu H, et al. Impact of Lymphovascular 
Invasion on Survival Outcome in Patients With Gastric Cancer. Am J Clin 
Pathol. 2020;153:833–41.

31.	 Kim HD, Ryu MH, Kang YK. Adjuvant treatment for locally advanced gastric 
cancer: an Asian perspective. Gastric Cancer 2024.

32.	 Kang YK, Yook JH, Park YK, Lee JS, Kim YW, Kim JY, et al. PRODIGY: A Phase III 
Study of Neoadjuvant Docetaxel, Oxaliplatin, and S-1 Plus Surgery and Adju-
vant S-1 Versus Surgery and Adjuvant S-1 for Resectable Advanced Gastric 
Cancer. J Clin Oncol. 2021;39:2903–13.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Prognostic impact of lymphovascular invasion in node-negative gastric cancer: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patient population and data collection
	﻿Statistical analysis

	﻿Result
	﻿Patient demographic and clinicopathological characteristics
	﻿T1 cohort
	﻿T2 cohort
	﻿T3 cohort
	﻿T4 cohort
	﻿IB and IIA cohort
	﻿Recurrence pattern
	﻿Risk factors for overall survival in T2BN0 patients

	﻿Discussion
	﻿Conclusion
	﻿References


