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Abstract: Introduction: Gastric cancer (GC) is one of the most common cancers in the world. It is a very
aggressive and heterogeneous tumor. GC does not cause symptoms, so it is often diagnosed in an advanced
stage and associated with poor prognosis. Despite new treatment options, it still remains a therapeutic
problem. An important element determining the method of treatment of locally advanced gastric cancer
(LAGC) is the assessment of lymph node metastases in preoperative and postoperative imaging and/or
histopathological examination.Aim: The assessment of lymphovascular invasion (LVI) in histopathological
examination in patients with LAGC after gastrectomy. The groups of patients were divided into patients who
received preoperative chemotherapy, patients without preoperative chemotherapy, and all patients.
Additionally, we assessed the correlation between the presence of LVI and the number of lymph nodes
collected during gastrectomy.Material and method: We collected patients with histologically confirmed GC
after gastrectomy. The collected samples were divided into three subgroups: patients with neoadjuvant
chemotherapy (NAC), patients without NAC, and all patients. Histopathological examination assessed the
presence of LVI infiltration. We then assessed the correlation between the presence of LVI and the presence
of lymph node metastasis in GC. Additionally, we assessed the correlation between LVI and the number of
lymph nodes evaluated in patients in each group. The statistical analyses were performed using Statistica v13.3
and Microsoft Excel 2021. The significance limit was set at p<0.05.Results:The presence of LVI strongly
correlated with node involvement, and the result was statistically significant in all patients and the group of
patients treated with NAC. The difference was not statistically significant in the group not treated by NAC.
Additionally, we did not observe a correlation between the presence of LVI and the number of metastatic
lymph nodes in GC.Summary and Conclusions: The presence of LVI in a patient with GC indicates a high
probability of lymph node metastasis, which should translate into therapeutic procedures. Assessment of LVI
may help identify potential patients with lymph node metastases, particularly in patients undergoing
endoscopic resection without planned lymphadenectomy. It is advisable to expand research on a larger scale
in order to establish clear standards in this area.
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Introduction

Gastric cancer (GC) is a highly aggressive and heterogeneous tumor. In connection, it remains a
therapeutic problem despite new treatment options [1]. GC is the 5th most common cancer
worldwide. There were more than 1 million new cases of GC in 2020. Men are almost twice as likely
to suffer from GC than women. Moreover, it is the 4th most common cancer in men and the 7th most
common cancer in women [2]. Several factors are known to be associated with an increased risk of
GC, there are smoking, Helicobacter pylori infection and exposure to industrial chemical [3].
Treatment of GC depends on the clinical stage and is based on surgery, chemotherapy, or
radiochemotherapy. The preoperative and postoperative examination of lymph node metastases in
GC is important as it determines the use of perioperative or postoperative chemotherapy [4].
Furthermore, the presence of lymph node metastases is associated with a worse prognosis [5].

Lymphovascular invasion (LVI) plays a key role in metastasis to regional lymph nodes and
distant organs [6,7]. LVI is defined as invasion of blood or lymphatic vessels by tumor cells and/or
tumor embolism in an endothelium-lined space. They constitute an independent risk factor for
metastases, recurrences, and mortality [7]. Pre-operative assessment of lymph node staging is based
on diagnostic imaging, CT scans being the most used for this purpose [8]. Postoperative assessment
depends on surgical technique and appropriate pathological examination of the surgical specimen.
The surgical treatment of GC remains controversial. Gastrectomy is performed as an open procedure
(OG). Recently, minimally invasive methods (MIS) have become more and more common, i.e.
laparoscopic gastrectomy (LAG) and robot-assisted gastrectomy (RG). Data show that MIS
procedures have lower mortality, faster recovery, and better aesthetic results [9-11]. To date, the
minimum number of nodes to be harvested during surgery has not been established [12,13]. The
current classification of the Union for International Cancer Control (UICC) only recommends the
presence of at least 16 lymph nodes to accurately assess the pathological grade of GC [14-16].
Endoscopic resection may be used for early GC. This method has even more positives compared to
minimally invasive methods. Endoscopic resection of early GC does not require long hospital stays,
has fewer complications, and is therefore more economical. However, it requires very precise
qualification of the patient, as no lymph nodes are collected during the endoscopic procedure, which
may lead to incorrect staging and incorrect therapeutic procedures, which will worsen the patient's
prognosis [17,18].

LVI assessment could be helpful in assessing the likelihood of lymph node metastasis and
assessing the collection of the correct number of lymph nodes during gastrectomy. Moreover, in GC
in early stage, if will use endoscopic resection without collecting lymph nodes. Therefore, the LVI
assessment could indicate whether there is a need to resect lymph nodes during a endoscopic
procedure and for example conversion to gastrectomy. Our analysis will allow us to approximate
and understand the above-described value of LVI assessment during gastrectomy.

Materials and methods

We collected 146 histologically confirmed LAGC patients (pathological stage with or without
NAC p/ypT1, p/ypT2, p/ypT3, p/ypT4, p/ypNO, p/ypN1, p/ypN2, p/ypN3 and p/ypMO on admission)
after gastrectomy between Jan. 2018 and Dec. 2023. The inclusion criterion was patients with
histologically confirmed GC and absence of distant metastases on admission, who underwent 3-4
cycles of NAC followed by gastrectomy with lymph node dissection at our institution or only
gastrectomy without NAC. The exclusion criteria were as follows: incomplete pathological data and
metastasis to other solid organs. Finally, 31 patients with GC were included in the analysis. The
subjects were divided into three groups. The first group included all patients (Table 1), the second
group included 20 patients who received NAC followed by gastrectomy (Table 1), and the last group
was 11 patients without NAC before gastrectomy (Table 1). Studies were carried out on a group of
16 men and 15 women with GC. Patients' ages ranged from 33 to 80 years, and the mean age of
patients was 63,26 years.
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Table 1. Basic patients’ characteristics.
Variable All patients Patients Patients without NAC
(n=30) with NAC (n=20) (n=11)
Age Mean 63,26 years (o 11,72) 60,6 years 68,09 years (o 11,72)

Sex Female 15 (48.4%) 7 (35%) 8 (72.7%)
Male 16 (51.6%) 13 (65%) 3 (27.3%)
T1 7 (22.6%) 5(25%) 2 (18.2%)
Stace T2 4 (12.9%) 2 (10%) 2 (18.2%)
g T3 15 (48.4%) 11 (55%) 4 (36.4%)
T4 5(16.1%) 2 (10%) 3 (27.3%)
NO 15 (48.4%) 11 (55%) 4 (36.4%)
N1 7 (22.6%) 4 (20%) 3(27.3%)
Lymph nodes N2 5(16.1%) 3 (15%) 2 (18.2%)
N3 4 (12.9%) 2 (10%) 2 (18.2%)
. MO 31 (100%) 20 (100%) 11 (100%)

Metastasis M1 0 0 0

Gl 0 0 0
Grade post chemotherapy G2 8 (25.8%) 6 (30%) 2 (18.2%)
G3 23 (74.2%) 14 (70%) 9 (81.8%)
Lymphovascular invasion No 22 (71%) 15 (75%) 7(63.6%)
ymp Yes 9 (29%) 5(25%) 4 (36.4%)
No 11 (35.5%) 0 11 (100%)

Chemotherapy Yes 20 (64.5%) 20 (100%) 0

Statistical analysis

The statistical analyses were performed using Statistica v13.3 (Statsoft) and Microsoft Excel 2021.
Variables were tested for normality using the Kolmogorov-Smirnov test. The relation intergroup
differences were analyzed using the Mann-Witney U Test and the Kruskal-Wallis ANOVA. If
applicable, 95% confidence intervals were applied. The correlation was evaluated using Spearman’s
rank correlation coefficient. The significance level was set at p<0.05.

Ethical Issues

The study was carried out with the approval of the local ethics committee.

Result

In our study, we analyzed a group of patients with GC after gastrectomy. We analyzed three
groups of patients; the first group included all selected patients, the second group included only
patients who received NAC and subsequent gastrectomy, and the third group included patients who
did not receive NAC. Subsequently, we examined LVI in each group and categorized patients as
either LVI (+) or LVI (-) based on histopathology. We then assessed the correlation between the
presence of LVI (+) and lymph node metastasis. Furthermore, we assessed the correlation between
the presence of LVI (+) and the number of lymph nodes evaluated in patients in each group. In the
group of all patients, significantly more LVI (+) than LVI (-) specimens had node metastases
(p=0,0003, Figure 1). There was no statistically significant difference between the number of assessed
nodes in both cases (22.4 for LVI (+) and 20.75 for LVI (-), p>0.86). Additionally, there was no
statistically significant difference between the ages of patients with and without LVI (65 years vs
62.55 years, p>0.05) (Table 2). In the second group of GC patients with perioperative NAC before
gastrectomy, we showed no significant differences in the number of lymph nodes involved between
the LVI (+) and LVI (-) cases (p=0.09). In addition, we showed a strong positive correlation between
LVI (+) and the presence of lymph node metastasis (Figure 2). In the last group of GC patients without
NAC before gastrectomy, significantly more LVI (+) specimens had node metastases (p=0,002). In
addition, we found a strong positive correlation between LVI (+) and lymph node metastasis (Figure
3).
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Figure 1. In the LVI (+) group of all patients, significantly more specimens had lymph node
metastases. P=0,0003. (k=0.57- Spearman’s rank correlation coefficient, p<0.05 statistically significant
correlation).
Table 2. Differences in the number of examined lymph nodes between NO and N1-N3 cases.

Variable Number of examined lymph nodes Statistical significance
Lymphovascular invasion present 22,4 (0 10.2) —0.86
Lymphovascular invasion absent 20,75 (0 9.4) p=

Age of patients with LVI (+) 65 (0 10.8) P=0.76
Age of patients with LVI (-) 62,55 (0 12.26) '

Association between lymphovascular invasion and lymph

node invasion BLVI(-) mLVI(+)

4

NO N1-N3

Figure 2. A group of GC patients with perioperative NAC before gastrectomy. In this group, there
were no significant differences in the number of lymph nodes involved between LVI (+) and LVI (-)
cases, p=0,09. In addition, strong positive correlation between LVI (+) and lymph node metastasis
(k=0.57 Spearman’s rank correlation coefficient, p<0.05 statistically significant correlation).
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Figure 3. A group of GC patients without NAC before gastrectomy. In the LVI (+) group, significantly
more specimens had lymph node metastases, p=0,002. In addition, strong positive correlation between
LVI (+) and lymph node metastasis. (k=0.71- Spearman’s rank correlation coefficient, p<0.05
statistically significant correlation).

Discussion

LVI is an independent predictor of poor prognosis in GC patients, although the
pathophysiological behavior of LVI is still unclear. It is still unknown whether LVI affects the long-
term survival of GC patients or not. Therefore, this factor is not included as a mandatory standard in
the recommendations for diagnostic and therapeutic procedures in GC. Our research should bring
us closer to doing the right thing and striving to regulate this issue [19-23]. Our results showed that
the presence of LVI correlated strongly with lymph node involvement, and the result was statistically
significant in the group of all patients and in the group of patients treated with NAC. The difference
was not statistically significant in the group not treated by NAC, but this is due to the small number
of patients. Furthermore, in our study, we did not find a relationship between the presence of LVI
and the number of metastatic lymph nodes.

The current method for assessing LVI is an immunohistochemical examination of postoperative
histopathological material with a tumor or after a biopsy with a tumor. This is a very good method
to assess the risk of lymph node metastasis in patients with GC, particularly in patients with early
GC stage, and an endoscopic method was used [14,15,22]. By assessing the LVI, we can assess the
risk of recurrence and possibly extend the surgery to include the removal of the lymph nodes.
Interestingly, our study showed no statistical significance in the correlation of LVI and lymph node
metastasis in patients who did not receive NAC. However, this study should be extended due to the
likely small number of patients. LVI assessment is now standard in the pathology report. However,
the prognostic value of LVI in GC is still undefined [22]. Some data in scientific publications show
that LVI is an independent prognostic factor for GC [23-28]. Some studies included the assessment
of both lymphatic and nerve invasion, which was associated with a significant prognostic impact on
disease-free survival and overall survival in patients with GC with stage II or III. The study patients
had a worse prognosis compared to patients who did not have lymphatic vessels and nerve invasion
[23,24]. Additionally, GC patients with coexisting LVI and PNI after preoperative treatment have
more advanced disease than patients without these factors or with only one of them [24]. Lu et al.
showed that the invasion of lymphatic vessels is an independent prognostic factor in patients who
have no lymph node metastases, i.e., NO according to the TNM classification. Moreover, in patients
with pT3NOMO stage and LVI (+), adjuvant chemotherapy improves survival [25]. On the other hand,
data indicate that LVI should not be considered a prognostic factor [28-30]. Liu et al. showed that
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lymphatic invasion was not an independent prognostic factor in the case of GC with lymph node
involvement, however, in the case of GC with lymph node metastases, LVI had a prognostic
significance [28].

Our research confirms that LVI should be used as a prognostic factor in GC, especially now
when we want to use minimally invasive techniques for GC resection. Most data to date regarding
LVI have been based on its role as a predictive factor for the eventual selection of effective radical
treatment with surgery. Moreover, Fujikawa et al. showed that LVI in GC is an independent
prognostic factor, and its impact is particularly strong in advanced cancer with lymph node
metastases. These patients may, therefore, require more effective adjuvant therapy [18]. Our study
also confirms this because in patients with LAGC after preoperative NAC administration or without
NAC administration, the presence of LVI correlated with the occurrence of lymph node metastases.
The group of patients with GC without NAC had no statistical significance, but it could have been
related to the small number of patients. This information should lead us to use adjuvant NAC in such
patients, even if it turns out that there are no node metastases., because this may be related to too few
lymph nodes collected and not to the lack of lymph node metastases.

Interestingly, we did not demonstrate a relationship between the presence of LVI and the
number of lymph node metastases. This would mean that the presence of LVI may even suggest the
presence of single metastases in lymph nodes or even micrometastases. Additionally, Fujikawa et al.
showed that patients with LVI had a higher percentage of people aged 65 years and older. This fact
is also confirmed by our research, although no statistical significance was found in the age difference
between LVI (+) and LVI (-) patients. The above data clearly confirm the great importance of LVI
assessment in GC. However, due to ambiguous data on the use of LVI as a prognostic factor, large-
scale international data are needed to clearly resolve this issue and introduce it into diagnostic and
therapeutic practice in GC.

Conclusion

The presence of LVI strongly correlated with lymph node involvement, and the result was
statistically significant in the group of all patients and in the group of patients treated with NAC. In
the group not treated with NAC, the difference was not statistically significant, but this could be due
to the small number of patients. Assessment of LVI may help identify potential patients with lymph
node metastasis. Due to the ongoing problem of determining the appropriate number of lymph nodes
to be harvested during gastrectomy, LVI assessment may be helpful. If LVI is positive and there are
no lymph node metastases, it should be considered whether the problem is that too few lymph nodes
were collected. Positive LVI may also be a factor suggesting the need for adjuvant NAC. In patients
with early GC who underwent endoscopic resection without lymphadenectomy, the LVI assessment
may indicate the need to extend the procedure to gastrectomy and/or lymphadenectomy. Our studies
clearly indicate the key role of LVI in assessing the presence of lymph node metastases in patients
with GC. However, we need large-scale multicentre studies to clearly introduce LVI assessment into
the guidelines for the diagnostic and therapeutic management of patients with GC.
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