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Introduction

Lymphangiogenesis plays a key role in the progression 
and metastatization processes of several malignancies. 
Lymphatic spread is a frequent and early feature in gastric 

cancer (GC) correlated to different variables such as 

the depth of wall invasion, the tumor grading and size  

(1-4). Therefore, lymph node metastasis is one of the 

most important prognostic factor in GC patients (pts) 
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and, consequently, the extension of lymphadenectomy is a 
relevant issue of surgical treatment so much to condition the 
outcome of pts who receive a potentially curative treatment 
(5-9). Vascular endothelial growth factor-C (VEGF-C) has 
proven to be pivotal for lymphangiogenesis (10-11) through 
the binding to its receptor VEGFR3 (Flt-4) (12) which 
is primarily expressed on the endothelium of lymphatic  
vessels (13). Ligand binding activates the downstream 
signaling pathway and promotes endothelial cell growth, 
survival and lymphangiogenesis (14). VEGF-C also 
promotes tumor lymphangiogenesis and lymph node 
metastasis in preclinical models (15-17) and increased 
levels of this factor are associated with a poor prognosis 
in different cancer types (18,19). Data from mice tumor 
xenografts suggest that VEGF-C from the transplanted 
GC cells could induce lymphangiogenesis (20) with higher 
tumor lymphatic vessel density and lymph node metastasis 
(21,22). Despite these models, few studies have tried to 
evaluate the prognostic value of VEGF-C serum levels in 
patients with resectable GC until now. 

In this study we investigate the role of high levels of 
circulating VEGF-C in resectable GC pts in order to 
determine its relationship to clinicopathological parameters 
and clinical outcome, assuming a possible application in the 
clinical practice.

Methods

Patients

Patients aged ≥18 years affected by histologically confirmed 
gastric or gastroesophageal (GEJ) adenocarcinoma, with 
no radiologic evidence of metastasis at the preoperative 
staging and no prior anti-cancer treatment, were considered 
eligible for our study. The protocol was approved by 
the institutional board at the center and the study was 
conducted in accordance with the Declaration of Helsinki 
and the Good Clinical Practice. All pts provided a written 
informed consent before the enrollment in the study.

Radiological assessment was performed within 28 days 
before surgery [chest and abdomen computed tomography 
(CT) scan in all pts; bone scan, brain CT scan or magnetic 
resonance imaging (MRI) as needed]. Furthermore, each 
pts underwent full clinical history, physical examination, 
biochemical and blood samples before the intervention.

All pts with resectable GC underwent surgical treatment 
and the approach was chosen by surgeons based on the 
primary tumor site. R0 resection was defined as a surgery 

without micro- or macroscopic residual disease, as detected 
by anatomo-pathological analysis. R1 and R2 resections 
were defined as the presence of cancer cells microscopically 
detected at the margin or at “naked eye” respectively. 

The following variables were recorded in all pts after the 
surgery: type of surgery, Eastern Cooperative Oncology 
Group performance status (ECOG criteria on a 5-point 
scale, with 0 indicating no symptoms and higher numbers 
indicating greater disability) (23), tumor site, pathological 
disease’s stage (24) tumor grading and histotype. 

Postoperatively, pts with stage pT1 and pT2N0 
underwent exclusive follow-up, whereas pts with pT3-4N0 
or every pN+ received adjuvant chemotherapy based on 
fluoropyrimidine monotherapy schedule or in combination 
with oxaliplatin for 6 months. After the treatment, all pts 
were followed-up every 3 months for the first 2 years, every 
6 months from 3rd to 5th year and every year thereafter.

Serum VEGF-C levels

Venous blood samples were collected from pts the day 
before surgery in order to determine the serum circulating 
VEGF-C level. The blood donations of healthy control 
subjects were used to define the normal serum values of 
the protein. Blood sample were centrifuged and stored 
at −80 ℃ until the analysis, which has performed within 
1 week from the collection. Serum levels of the protein 
were assessed using commercially available sandwich kits 
(R&D Systems, Minneapolis, MN, USA) by enzyme-linked 
immunoadsorbent assay (ELISA) with a detection limit 
<8 pg/mL. Samples were prepared and tested in duplicate 
according to the manufacturers’ instructions of ELISA kits, 
specific for human VEGF-C and not cross-reacting with 
other known cytokines. 

Statistical analysis

SPSS software (version 21.00; SPSS, Chicago, IL, USA) was 
used for statistical analysis. Data are expressed as median, 
range and 95% confidence interval (CI). The cutoff for high 
and normal serum VEGF-C level in GC pts was defined by 
the median preoperative value of the protein. 

We considered overall survival (OS) as the time elapsed 
between the diagnosis and the death of the patient from 
any cause and disease-free survival (DFS) as the time from 
the diagnosis until recurrence of tumor or death from any 
cause. OS and DFS distributions were estimated by the 
Kaplan-Meier method with 95% CI. Differences in OS and 
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DFS were evaluated by the log-rank test and described by 
the Kaplan-Meier method. Univariate statistical analysis 
was assessed by the Mantel-Cox test, using median values 
as cut-off to group pts in case of continuous variables. Cox 
proportional-hazards model was applied to multivariate 
survival analysis, in which all significant variables in the 
univariate model were used. Values P<0.05 indicated 
statistical significance. Furthermore, differences between 
groups of variables were assessed by non-parametric 
tests: Mann-Whitney U, Kruskal-Wallis and multiple 
comparisons analysis were used for median comparisons for 
two and more than two groups, respectively. Pearson rank 
test was used to evaluate correlations. 

Results

From January 2004 until December 2009, 194 pts were 
enrolled in the study. Of these pts, 8 (4.1%) showed 
metastatic disease at the radiological assessment after the 
signature of the informed consent and were excluded from 
the study before blood collection; therefore, these pts have 
not been considered in this analysis. Finally, preoperative 
VEGF-C serum levels were determined in non-consecutive 
186 pts affected by non-metastatic GC observed at our 
department and 82 healthy people. The last follow-up time 
was April 28, 2017. Pts characteristics are summarized 
in Table 1. The median age was 61.5 years old (range, 
22–88). The majority of pts were male (67.44%), presented 
an ECOG performance status of 0 (81.2%) and tumor 
located in the body of the stomach (42%). One hundred 
forty-five (78%) and 41 patients (22%) underwent total 
and subtotal gastrectomy, respectively, and the majority 
of pts received a D2 lymphadenectomy (67.2%); all pts 
underwent R0 resection with a median lymph nodes ratio 
(LNF ratio)—defined as the number of positive nodes 
divided by total nodes harvested—of 0.2. After the surgery, 
144 (77.4%) pts received an adjuvant chemotherapy based 
on fluoropyrimidine schedule alone or in association with 
oxaliplatin for 6 months. Of the 42 pts (22.5%) who did not 
receive an adjuvant treatment, 34 pts (80.9%) underwent 
exclusive follow-up according to the tumor stage, whereas 
8 pts (19.1%) candidates for treatment did not receive it 
due to post-surgery complications requiring a prolonged 
hospitalization. 

Preoperative VEGF-C serum levels were significantly 
higher  in  GC pts  (median:  287.4 pg/mL; range,  
76.2–865.2 pg/mL) compared with the control group 
(median VEGF-C: 31 pg/mL; range, 12–97 pg/mL). 

As already reported, we considered the median value of  
287.4 pg/mL as the cut-off for our analyses. 

Analysis related to pathological variables

The differences in serum VEGF-C levels and their 
correlation with tumor variables in GC pts group are 
summarized in Table 2. No correlation has been found 
among preoperative VEGF-C levels, gender, age, ECOG 
and neutrophils/lymphocytes ratio (NLR, defined as the 
ratio between neutrophils and lymphocytes in the peripheral 
venous blood). On the other hand, there was a significant 
relationship among serum VEGF-C levels, T, N and tumor 
stage, showing that the protein level increases when T value, 
N value or stage increases (P=0.031, P=0.001, P<0.0001, 
respectively), while there was no significant correlation 
with the others clinic-pathologic variables analyzed 
(primary tumor site, grading and histology) (Figure 1).  
In particular, multiple comparison analysis showed that: pts 
with a pT3-T4 tumor had higher levels of the protein than 
those with a pT1 tumor (P=0.035 and 0.039, respectively); 
pts with lymph node metastasis N2-N3 had higher 
VEGF-C levels than pts with N0-N1 (N0-N2: P=0.005; 
N0-N3: P<0.001; N1-N3: P<0.001). Finally, pts with early 
stage tumor had lower protein levels than II and III stage (I-
II: P=0.40; I-III: P<0.001; II-III: P=0.14).

Analysis related to OS and DFS

After a median follow-up of 68 months (95% CI, 51.7–
84.2), all pts completed follow-up program until death from 
any cause without pts lost to follow-up. Median OS was 
significantly lower in pts with high VEGF-C levels than 
in pts with normal VEGF-C value [not reached (NR) vs.  
26 months (95% CI, 19.9–32 months), respectively; 
P<0.0001] (Figure 2). Elevated preoperative VEGF-C levels 
correlate also with earlier disease relapse and a poor median 
DFS (P=0.005) and in each subgroup the median value was 
NR (Figure 3). 

To evaluate the prognostic value of clinicopathologic 
variables, we performed a univariate analysis for OS and 
DFS, as shown in Tables 3,4. In this analysis, tumor grading 
[hazard ratio (HR) =0.52; 95% CI, 0.29–0.92, P=0.027), 
lymph node metastasis (HR =4.56; 95% CI, 1.1–18.8, 
P=0.036), LNF ratio (>0.2 vs. ≤0.2: HR =2.79; 95% CI, 
1.53–5.08, P=0.001), tumor stage (HR =2.56; 95% CI, 
1.45–4.52, P=0.001) and preoperative serum VEGF-C 
levels (≥287.4 vs. <287.4: HR =3.85; 95% CI, 1.93–6.65, 
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P<0.0001) were prognostic factor that influence OS. 
Tumor stage, LNF ratio and preoperative serum 

VEGF-C levels were found as prognostic factors for DFS 
(Table 4).

Finally, high VEGF-C levels (HR =2.7; 95% CI, 
1.18–6.14; P=0.018) and tumor grading (G1-2 vs. G3:  
HR =0.44; 95% CI, 0.25–0.8; P=0.007) for OS and stage 
(HR =2.12; 95% CI, 1.05–4.25; P=0.034) and serum 
VEGF-C levels (HR =3; 95% CI, 1.32–6.82; P=0.008) for 
DFS were independent prognostic factors at multivariate 
analysis (Tables 3,4).

Discussion

No validated predictive and prognostic biomarkers are 
available for GC still today, even if the study of tumor 
lymph nodes spread is becoming relevant, because this 
process represents an early and common step in the 
natural development of GC. In the lymphangiogenesis 
process, VEGFs, in particular VEGF-C, play a key role, 
because they stimulate growth, angiogenesis and metastasis 
(25,26). In the current study, we analyzed the correlation 
between the preoperative circulating levels of VEGF-C, 
the pathological parameters of the tumor and the clinical 
outcome in pts with resectable GC. 

Table 1 Gastric cancer patients’ characteristics

Characteristic N=186, %

Age (range), years 61.5 [22–88]

Sex  

Male 126 (67.44)

Female 60 (32.56)

ECOG

0 151 (81.2)

1 35 (18.8)

Primary site of cancer

Proximal 54 (29.0)

Middle 78 (42.0)

Distal 54 (29.0)

Histology

Intestinal 104 (56.0)

Diffuse 82 (44.0)

Grading  

G1 24 (12.9)

G2 65 (35.0)

G3 97 (52.1)

T

T1 7 (3.7)

T2 43 (23.1)

T3 110 (59.1)

T4 26 (14.0)

N

N0 24 (12.9)

N+ 162 (87.1)

Stage (TNM AJCC/UICC)  

IA 6 (3.2)

IB 9 (4.8)

IIA 19 (10.2)

IIB  37 (19.9)

IIIA 59 (31.7)

IIIB 43 (23.1)

IIIC 13 (7.0)

Table 1 (continued)

Table 1 (continued)

Characteristic N=186, %

Surgery

Total gastrectomy 145 (78.0)

Subtotal gastrectomy 41 (22.0)

Lymphadenectomy

D1 52 (28.0)

D2 125 (67.2)

D3 9 (4.8)

LNF ratio median (range) 0.2 (0.0–1.0)

NLR median (range) 1.58 (0.29–4.46)

VEGF-C median (range), pg/mL 287.4 (76.2–865.2)

Adjuvant chemotherapy

Yes 144 (77.4)

No 42 (22.5)

LNF, lymph nodes ratio; NLR, neutrophil/lymphocyte ratio; VEGF-C, 
vascular endothelial growth factor C. 
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Table 2 Differences in serum VEGF-C levels and correlation with tumor variables in gastric cancer patients

Variable Median VEGF-C levels, pg/mL (range) P value

Histology 0.11

Intestinal 254.1 (76.4–589.6)

Diffuse 318.2 (150.0–789.7)

Grading 0.79

G1 305.8 (143.9–598.6)

G2 239.7 (85.4–865.2)

G3 309.2 (76.2–798.7)

Primary site 0.24

Proximal 193.1 (76.2–598.6)

Middle 312.7 (85.4–865.2)

Distal 262.8 (87.9–789.7)

T 0.031

T1 90.1 (85.4–95.4)

T2 216.1 (76.4–495)

T3 309.2 (76.2–865.2)

T4 414.1 (95.9–705)

N 0.001

N0 109.95 (76.4–453.2)

N1 176.9 (97.9–865.2)

N2 312.9 (76.2–543.9)

N3 380.2 (206.8–789.7)

Stage <0.0001

IA 90.1 (85.4–95.4)

IB 118.5 (76.4–165.5)

IIA 179.2 (87.2–485.8)

IIB 198 (98.9–495)

IIIA 272.3 (76.2–543.9)

IIIB 372.1 (143.9–789.7)

IIIC 592.6 (324.8–705)

The Mann-Whitney U test was used to evaluate differences between two groups. The Kruskal-Wallis and multiple comparison analysis 
were used to assess differences between multiple groups. VEGF-C, vascular endothelial growth factor C. 

We observed that  serum VEGF-C levels  were 
significantly higher in pts affected by GC than in the 
healthy controls and, in the first group, pts with advanced 
GC showed an increased value of the circulating protein. 
These findings are in agreement with available literature 

data that showed an association between VEGF-C values 
and the increase of T, N and tumor stage (27). Moreover, 
in the last two decades, different but limited trials have 
already investigated the prognostic role of VEGF-C 
overexpression in pts affected by GC, through the study of 
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the immunohistochemical (IHC) expression in the tissue 
or of the levels of VEGF-C soluble forms in the serum. 
Nevertheless, whereas some studies and meta-analysis (27) 
showed that the overexpression of the protein leads to 
tumor growth, lymph node metastasis and a poor prognosis 
in term of OS (28), others refused these results. The 
more robust evidence comes from studies that examined 
the expression of VEGF-C in tissue by IHC analysis and 
its relationship with lymphatic vessel density (29,30). In 
particular, Cao et al. (31) analyzed in a meta-analysis data 
tissue of 1,813 pts in 13 studies, showing an important role 
of VEGF-C on OS in GC, but not in DFS. On these bases, 
nowadays the prognostic role of VEGF-C in GC remains 
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unclear (29,30). 
In this study, we observed that median OS and DFS were 

significantly lower in pts with high VEGF-C levels than in 
pts with normal VEGF-C value, suggesting that elevated 
preoperative protein levels correlate with earlier relapse of 

disease and poor prognosis. To evaluate the prognostic value 
of clinicopathologic variables, we performed a univariate 
analysis for OS and DFS, showing that tumor grading, 
lymph node metastasis, LNF ratio, tumor stage and 
preoperative serum VEGF-C levels were prognostic factor 

Table 3 Univariate and multivariate analysis for OS

Variable
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (≥61.5 vs. <61.5 years) 1.25 0.71–2.2 0.43 – – –

Gender (female vs. male) 0.57 0.3–1.08 0.085 – – –

Tumor location (distal vs. non-distal) 0.75 0.4–1.44 0.39 – – –

Histology (intestinal vs. diffuse) 1.23 0.56–2.72 0.59 – – –

Grading (G1-2 vs. G3) 0.52 0.29–0.92 0.027 0.44 0.25–0.8 0.007

T (1 vs. 2 vs. 3 vs. 4) 1.23 0.82–1.85 0.3 – – –

N (N+ vs. N0) 4.56 1.1–18.8 0.036 1.4 0.26–7.6 0.69

LNF ratio (>0.2 vs. ≤0.2) 2.79 1.53–5.08 0.001 1.07 0.42–2.7 0.88

NLR (>1.58 vs. ≤1.58) 0.96 0.4–2.26 0.92 – – –

TNM stage (III vs. II vs. I) 2.56 1.45–4.52 0.001 1.83 0.83–4.05 0.13

VEGF-C levels (≥287.4 vs. <287.4) 3.85 1.93–6.65 <0.0001 2.7 1.18–6.14 0.018

OS, overall survival; LNF, lymph nodes; NLR, neutrophil/lymphocyte ratio; VEGF-C, vascular endothelial growth factor C; HR, hazard ratio; 
CI, confidence interval.

Table 4 Univariate and multivariate analysis for DFS

Variable
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (≥61.5 vs. <61.5 years) 0.57 0.24–1.36 0.21 – – –

Gender (female vs. male) 0.81 0.34–1.9 0.64 – – –

Tumor location (distal vs. non-distal) 0.65 0.24–1.76 0.4 – – –

Histology (intestinal vs. diffuse) 1.92 0.49–7.46 0.34 – – –

Grading (G1-2 vs. G3) 0.99 0.43–2.26 0.98 – – –

T (1 vs. 2 vs. 3 vs. 4) 1.12 0.63–2 0.68 – – –

N (N+ vs. N0) 4.64 0.62–34.52 0.13 – – –

LNF ratio (>0.2 vs. ≤0.2) 2.85 1.56–5.17 0.001 0.85 0.35–2.11 0.74

NLR (>1.58 vs. ≤1.58) 0.97 0.41–2.3 0.95 – – –

TNM stage (III vs. II vs. I) 2.81 1.21–6.53 0.016 2.12 1.05–4.25 0.034

VEGF-C levels (≥287.4 vs. <287.4) 3.28 1.37–7.86 0.008 3 1.32–6.82 0.008

DFS, disease-free survival; LNF, lymph nodes; NLR, neutrophil/lymphocyte ratio; VEGF-C, vascular endothelial growth factor C; HR, 
hazard ratio; CI, confidence interval.
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for OS as well as tumor stage, LNF ratio and preoperative 
serum VEGF-C levels for DFS. Subsequently, we 
performed a multivariate Cox regression analysis of these 
statistical significant parameters for OS and DFS, revealing 
that only elevated serum VEGF-C levels and tumor 
grading for OS as well as stage and serum VEGF-C levels 
for DFS were independent prognostic factors in pts with  
resectable GC. 

In these results, the role of LNF ratio it should be note. 
In fact, if VEGF-C promotes lymphatic spread binding 
its receptor VEGFR3 and lymph node metastasis (32), it 
would expect to find LNF ratio as statistically significant 
in multivariate analysis. In our result, instead, we found 
that LNF ratio influences significantly OS and DFS only 
in the univariate analysis, while it is not an independent 
factor at the multivariate one. The explanation for this 
result could be found in the value 0.2 that we used as cut-
off for this parameter, which represent the median value of 
LNF ratio. This value, indeed, is quite low, may be due to 
the improvement of surgery with high percentage of D2 
lymphadenectomy in this study as well as the high number 
of lymph nodes harvested, resulting in a lower value. On 
the other hand, by Kruskal-Wallis and multiple comparison 
analysis, we found that serum VEGF-C level increases in pts 
with N2-N3 metastasis, as showed in Table 2 and Figure 1C.  
These findings confirm that serum VEGF-C levels were 
strongly associated with more advanced regional lymph 
node metastasis in pts with resected GC even after a long 
follow-up time. This large observation time could be 
considered a strength of the study.

Finally, in our study we must consider some limitations: 
first, our data were based on a single institution experience 
that did not include the analysis of tissue VEGF expression, 
in contrast to the majority of the data in the literature; then, 
we did not comprised the postoperative determination of 
serum VEGF-C level in the design of this study. Moreover, 
even if the sample size is higher than the sample size of 
many trials in literature, we believe that a study that involves 
a lager cohort of pts is needed to confirm these data and 
to establish the real prognostic value of serum VEGF-C  
in GC.

Conclusions

The present study revealed that increased serum VEGF-C 
levels were strongly associated with more advanced regional 
lymph node metastasis in pts with resected GC, appearing 

a poor prognostic factor correlated with nodal involvement 
and worse OS and DFS. However, the validation of the 
role of preoperative serum VEGF-C level as prognostic 
biomarker in pts affected by non-metastatic GC requires 
further studies.
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