
Predictive Factors for Lymph Node Metastasis and the Effect 
on Survival in Early Gastric Cancer Patients with Radical 
Gastric Resection

Gastric cancer (GC) is the second most common reason 
for cancer-related death after lung cancer. Endoscopic 

resection for selected cases in early GC has become a fre-
quently used method in recent years as an alternative treat-

ment to surgery.[1] Endoscopic submucosal dissection (ESD) 
has developed in recent years and has begun to be applied 
in cases of differentiated tumors as well as tumors <2 cm 
in diameter.[2] Some studies have indicated that there is no 
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risk of lymph node metastasis (LNM) in hypertrophic early 
GC. The main criteria for endoscopic resection in early GC 
have been the degree of differentiation, the size of the tu-
mor, and the risk of LNM.[3]

The primary factors affecting prognosis in early GC are tu-
mor differentiation and LNM. The presence or absence of 
LNM is related to tumor differentiation, but mixed-type 
pathological features in GC are possible. In the preopera-
tive diagnosis period, oftentimes, the pathologist will not 
mention the degree of differentiation in cases of early GC.[4] 
Mixed-type differentiation is detected in about 25% of 
these patients.[5, 6]

Studies have shown that the rate of LNM varies between 
0% and 12% in early GC with tumors that have T1a features, 
are well differentiated, are nonulcer forming, and <2 cm in 
size.[7–9] Since LNM is an important prognostic and thera-
peutic criterion, it is emphasized that patients who are to 
undergo ESD should have preoperative computed tomog-
raphy (CT) imaging and a detailed examination.[8–10]

The aim of this study was to identify predictive factors of 
LNM in early GC patients who underwent gastrectomy and 
the effect of LNM on the overall survival. 

Methods
The study group included in this retrospective study com-
prised 382 patients who were operated on for palliative or 
curative purposes due to GC in a single clinic between 2010 
and 2018. All of these patients underwent distal or total 
gastric resection. The tumor stage was assigned by match-
ing the depth of invasion to the American Joint Committee 
on Cancer Staging Manual.[11] Tis (tumor in situ) disease was 
defined as tumors confined to the epithelium, T1a disease 
was defined as tumors limited to the lamina propria or the 
mucosa, and T1b disease was defined as tumors that were 
restricted to the submucosal layer of the stomach wall. The 
tumor grade was divided into 4 categories: well differenti-
ated (grade 1), moderately differentiated (grade 2), poorly 
differentiated (grade 3), and undifferentiated/anaplastic 
(grade 4). 

Patients with T1a and T1b tumors according to the T-stage 
of the TNM classification were included in the study. Pa-
tients who had neoadjuvant therapy or who had under-
gone gastric surgery for any reason were excluded. In total, 
63 cases were included in this study. 

Inclusion criteria

1. Preoperative pathologically determined gastric cancer 
diagnosis 

2. Older than 18 years of age

3. Preoperative endoscopy was performed

4. No spreading according to preoperative CT scan

5. Postoperative pathological T stage is T1a or T1b

Exclusion criteria

1. Preoperative endoscopic treatment (ESD) was possible

2. Neoadjuvant chemotherapy was performed

3. Postoperative pathological T stage of T2, T3, T4

The dependent variables of the study were LNM and sur-
vival. The patients were divided into groups according to 
the postoperative pathology: Patients with LNM were clas-
sified as Group 1 and patients without LNM as Group 2. 
The independent variables were the number of dissected 
lymph nodes; age; sex; tumor grade; T stage of the tumor; 
lymphovascular invasion (LVI); perineural invasion; tumor 
diameter; c-erbB-2 status of the tumor; tumor location 
(antrum, corpus, cardia); levels of hemoglobin, albumin, 
neutrophils (number/dL), lymphocytes (number/dL), and 
monocytes (number/dL); neutrophil-to-lymphocyte ratio 
(NLR); lymphocyte-to-monocyte ratio (LMR); and the neu-
trophil-to-monocyte ratio (NMR). 

The length of follow-up of the patients after the surgery 
was recorded and parameters that were related to overall 
survival were investigated.

Ethics committee approval for this study was received 
from the Ethics Committee of Katip Celebi University (date: 
02.14.2018, decision number: 34) and the research was per-
formed in accordance with the principles of the Declara-
tion of Helsinki and its appendices. Written, informed con-
sent was obtained from all of the patients who participated 
in this study.

Statistical Analysis
Descriptive statistics were presented as number and per-
centage for categorical variables and mean and standard 
deviation were used for continuous variables. Univariate 
comparisons were made using a chi-square test or Fisher’s 
exact test for categorical variables and the Mann-Whit-
ney U test for continuous variables. The optimal cut-off 
of NLR for survival was determined to be 2.332 using the 
maximal point of the Youden index (YI(c)= maxc(sensitiv-
ity(c)+specificity(c)-1).[12] NLR levels >2.332 were catego-
rized as high. Kaplan-Meier survival curves were calculated 
and a log-rank test was used to compare the mean survival 
time of the groups. 

Cox hazard regression models were developed to illustrate 
the independent effect of each variable on survival. Vari-
ables with a p value of <0.10 (LNM, LVI, and high NLR) were 
included in multivariate Cox regression models. Model 1 
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included age and gender as potential confounders with ei-
ther LNM, LVI, or high NLR. Model 2 included all 3 variables 
with age and gender. 

Statistical analyses were performed using R version 3.4.3 (R 
Core Team (2017). R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL http://www.R-project.org/). The Opti-
malCutpoints package was used to estimate the optimal 
cut-off for NLR. Survival curves were generated with the 
Survminer package and survival data was analysed with 
the Survival package, using the Breslow method to address 
tied event times. Significance was defined with a 2-sided p 
value of <0.05. 

Results
Of the 63 patients included in the study, 21 (33.3%) had 
LNM. LNM-positivity was greater in patients with LVI (61.5% 
vs 26.0%) (p=0.02) and in patients with a high-grade tumor 
(46.9% vs 19.4%) (p=0.02). There was no statistically sig-
nificant correlation between LNM status and gender, BMI, 
tumor location, tumor size, type of gastrectomy procedure 
performed, stage, perineural invasion, blood group, or Rh 
status (p>0.05 for all), as seen in Table 1.

The mean levels of clinicopathological and laboratory pa-
rameters according to LNM status are presented in Table 
2. The mean age was 57.7 years in the LNM-positive group 
and 62.52 years in the LNM-negative group (p=0.09). The 
neutrophil, lymphocyte, and monocyte counts were not 
statistically different between LNM groups (p=0.69, p=0.62, 
and p=0.28, respectively). The inflammatory values of C-re-
active protein, NLR, LMR, and NMR were not significantly 
different between LNM groups.

The c-erbB-2 receptor was evaluated in 20 of the patients 
(31.7%). Of the 20 patients, 6 (30.0%) were c-erbB-2 recep-
tor-positive. LNM positivity was 16% in c-erbB-2 receptor-
positive patients compared with 42.8% in c-erbB-2 recep-
tor-negative patients. There was no statistically significant 
difference in LNM-positivity between c-erbB-2 groups 
(p=0.35).

Effect of LNM on Overall Survival
Seventeen patients (26.9%) died during the follow-up pe-
riod. The overall survival rate of the group was 73%. The 
mean age of the deceased group was 62.94±10.93 years 
and the mean was 60.17±9.73 years in the censored group 
(p=0.22). The median length of follow-up of the entire 
group was 28 months (range: 12-55 months), while it was 
23 months (range: 7-39 months) in the deceased group 
and 33.5 months (range: 15.5-60 months) in the censored 
group (p=0.06). The number of metastatic lymph nodes 

was greater in the deceased patients compared with that 
of the censored group (2.24±3.78 vs 0.70±1.60, respec-
tively) (p=0.03). The level of albumin was lower (p=0.005) 
and the NLR was higher (p=0.02) in the deceased group 
compared with the censored group. Clinicopathological 

Table 1. Demographic, clinicopathological, and laboratory 
parameters of the LNM and non-LNM groups 

  LNM (n=21)* Non-LNM (n=42) p
  n (%) n (%)

Gender   0.71
 Male (n=41)  13 (31.7)  28 (68.3)  
 Female (n=22)  8 (36.4)  14 (63.6) 
BMI    0.55
 Weak (n=6)  3 (50.0)  3 (50.0) 
 Normal (n=38) 13 (34.2) 25 (65.8) 
 Obese (n=19) 5 (26.3) 14 (73.7) 
Tumor location   0.29
 Antrum (n=43) 16 (37.2) 27 (62.8) 
 Corpus (n=13) 2 (15.4) 11 (84.6) 
 Cardia (n=7) 3 (42.9) 4 (57.1) 
Tumor size   0.38
 ≤1 cm (n=21) 5 (23.8) 16 (76.2) 
 1-3 cm (n=23) 10 (43.5) 13 (56.5) 
 ≥3 cm (n=19) 6 (31.6) 13 (68.4) 
Gastrectomy   0.84
 Total  (n=16) 5 (31.2) 11 (68.8) 
 Distal (n=47) 16 (34.0) 31 (66.0) 
Stage   0.37
 1a (n=26) 7 (26.9) 19 (69.1) 
 1b (n=37) 14 (37.8) 23  (62.2) 
Grade   0.02
 Low (n=31) 6 (19.4) 25 (80.6) 
 High (n=32) 15 (46.9) 17 (53.1) 
Lymphovascular invasion   0.02
 Yes (n=13) 8 (61.5) 5 (38.5) 
 No (n=50) 13 (26.0) 37 (74.0) 
Perineural invasion   0.11
 Yes (n=2) 2 (100.0) 0 (0.0) 
 No (n=61) 19 (31.1) 42 (68.9) 
C-erb-B2    0.35
 Positive (n=6) 1 (16.7) 5 (83.3) 
 Negative (n=14) 6 (42.9) 8 (57.1) 
Blood group   0.68
 O (n=16) 5 (31.2) 11 (68.8) 
 A (n=26) 10 (38.5) 16 (61.5) 
 B (n=14) 5 (35.7) 9 (64.3) 
 AB (n=7) 1 (14.3) 6 (85.7) 
Rh status   0.42
 Positive (n=55) 17 (30.9) 38 (69.1)
 Negative (n=8) 4 (50.0) 4 (50.0) 

BMI: Body mass index; LNM: Lymph node metastasis.
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and laboratory parameters comparing the deceased and 
the censored groups are summarized in Table 3. 

The mean survival time according to independent vari-
ables is presented in Table 4. There was no statistically 
significant difference, with the exception of NLR. The 
mean survival time was longer in the low-NLR group 
compared with the high-NLR group (92.17±7.19 months 
vs 41.46±5.51 months; p=0.003), (Fig. 1). The mean sur-
vival for patients with LNM and without LNM was not sta-
tistically different (62.36±10.56 months and 71.99±5.57 
months, respectively; p=0.09), (Fig. 2). Patients who had 
LVI had a slightly shorter survival than patients who did 
not have LVI, but the result was not statistically significant 
(p=0.07), (Fig. 3). 

Table 2. Clinicopathological and laboratory parameters of the 
LNM and non-LNM groups

  LNM* Non-LNM p**
  (n=21) (n=42)

Age (years) 57.71±9.58 62.52±10.01 0.09

Follow-up time; 28 (11.5–56.5) 29.5 (13.5–55.5) 0.91

median (IQR)

Total lymph nodes 20.00±10.95 16.02±9.53 0.29

Tumor size, cm  2.10±1.24 2.12±1.62 0.75

Hgb, g/L 12.59±1.45 13.10±2.07 0.21

Neutrophil, /mm3 5307.14±3613.04 4975.05±1860.86 0.69

Lymphocyte, /mm3 2241.90±736.06 2172.38±684.33 0.62

Monocyte, /mm3 504.38±193.03 552.24±203.32 0.28

Total protein, g/dL 6.78±0.51 (n=11) 7.08±0.43 (n=26) 0.19

Albumin, g/dL 3.93±0.40 (n=11) 4.15±0.38 (n=28) 0.15

CRP, mg/dL 0.86±1.84 (n=8) 1.61±3.04 (n=10) 0.20

CEA 2.09±2.69 (n=12) 1.77±1.73 (n=23) 0.88

NLR | 2.67±2.22 2.54±1.42 0.61

LMR  4.91±2.02 4.48±2.28 0.25

NMR  10.84±4.94 9.77±4.04 0.60

Mann-Whitney U test; CRP: C-reactive protein; CEA: Carcinoembryonic 
antigen; Hgb: Hemoglobin; IQR: Interquartile range; LMR: Lymphocyte-
to-monocyte ratio; LNM: Lymph node metastasis; NLR: Neutrophil-to-
lymphocyte ratio; NMR: Neutrophil-to-monocyte ratio.

Table 3. Clinicopathological and laboratory parameters of 
censored patients and those who died during follow-up

  Censored (n=46) Deceased (n=17) p*

Age (years) 60.17±9.73 62.94±10.93 0.22
Follow-up time; 33.5 (15.5–60) 23 (7–39) 0.06
median (IQR)
Total lymph nodes 17.70±10.01 16.41±10.64 0.52
Metastatic lymph nodes  0.70±1.60 2.24±3.78 0.03
Tumor size, cm 2.14±1.57 2.02±1.30 0.99
Hgb, gr/L 13.02±1.95 12.70±1.75 0.69
Neutrophil, /mm3 4642.87±1610.12 6284.12±3988.29 0.07
Lymphocyte, /mm3 2254.78±700.07 2035.29±682.43 0.22
Monocyte, /mm3 527.96±191.30 558.82±225.50 0.70
Total protein, g/dL** 7.07±.41 (n=28) 6.74±0.57 (n=9) 0.15
Albumin, g/dL** 4.17±0.37 (n=30) 3.79±0.31 (n=9) 0.005
CRP g/dL**‡ 1.14±2.63 (n=14) 1.75±2.46 (n=4) 0.22
CEA§ 2.08±2.25 (n=28) 1.07±0.76 (n=7) 0.44
NLR || 2.29±1.29 3.36±2.41 0.02
LMR ¶ 4.81±2.30 4.12±1.82 0.39
NMR‡‡ 9.44±3.09 11.99±6.43 0.56

**Mann-Whitney U test; p<0.05 was considered significant; CRP: C-reactive 
protein; CEA: Carcinoembryonic antigen; Hgb: Hemoglobin; IQR: 
Interquartile range; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-
to-lymphocyte ratio; NMR: Neutrophil-to-monocyte ratio.

Table 4. Mean survival time according to demographic and 
clinicopathologic factors, log-rank test

  Mean survival time±SE p

Gender  0.88
 Female 79.37±10.70 
 Male 64.84±6.09 
Obesity  0.58
 No  67.25±5.61 
 Yes 71.64±13.19 
Tumor location  0.73
 Antrum 78.61±7.75 
 Corpus 67.78±12.38 
 Cardia 46.14±8.27 
Gastrectomy  0.42
 Total 57.70±10.72 
 Distal 79.74±7.61 
Lymph node metastasis  0.09
 Yes 62.36±10.56 
 No 71.99±5.57 
Stage  0.17
 1a 72.36±6.76 
 1b 70.28±9.05 
Grade  0.36
 High 81.74±8.63 
 Low 61.95±7.44 
Lymphovascular invasion  0.07
 Yes 58.18±14.63 
 No 69.38±5.17 
Perineural invasion  0.30
 Yes 26.5±15.20 
 No 78.44±6.74 
NLR  0.003
 High 41.46±5.51 
 Low 92.17±7.19 

NLR: Neutrophil-to-lymphocyte ratio.
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Determining Optimal Cut-off of NLR for Overall 
Survival

There is no defined cut-off point for NLR. The optimal cut-
off of NLR for overall survival was determined to be 2.332 
when the Youden index was maximal (Fig. 4). The area 

under the curve was 0.69 (95% confidence interval [CI]: 
0.545-0.835). The NLR was high in 11 patients (64.7%) and 
13 patients (28.3%) in the deceased and censored groups, 
respectively (p=0.008).

Figure 1. Kaplan-Meier survival curve according to the neutro-
phil-to-lymphocyte ratio (NLR).
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Figure 2. Kaplan-Meier survival curve according to lymph node me-
tastasis (LNM).
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Multivariate Analysis of LNM, LVI, and NLR
Table 5 presents univariate and multivariate hazard ratios 
(HR) of 3 variables: LNM, LVI, and high NLR. High NLR was 
a strong predictive factor for mortality (HR: 4.15, 95% CI: 
1.51-11.36) in univariate analysis. When adjusted for age 
and gender, all 3 variables were significantly associated 
with death in Model 1 (HR for LNM: 3.42, 95% CI: 1.20-9.72; 
HR for LVI: 3.88, 95% CI: 1.31-11.44; HR for NLR: 4.03, 95% 
CI: 1.38-11.77). In Model 2, when the HR was adjusted for 
age and gender, and the other 2 variables, the HR for LNM 
was weakened and lost significance (HR: 2.51, 95%CI: 0.84-
7.44), but LVI and high NLR remained significant as strong 
predictors of survival.

Discussion
This study was an examination of factors affecting LNM and 
the survival of patients with early GC. Patient demographic 
characteristics and several other variables had no effect on 
LNM. LVI-positive and high-grade tumors were detected 
as factors that increased LNM. A review of the literature re-
vealed that in 1577 early GC patients evaluated using the 
Surveillance, Epidemiology, and End Results Program of 
the US National Cancer Institute data, LNM was found to 
be 18.4%.[13] In another study, the rate of LNM was 10.8% in 
136 patients with signet ring cell-associated early GC.[14] The 
incidence of LNM in our patients with early GC was 33.3%, 
which is higher than results reported in the literature. This is 
likely due to the fact that ESD and endoscopic submucosal 
resection (ESR) are widely performed in the gastroenterol-
ogy clinic of our hospital. In a study published by members 
of the gastroenterology clinic of our hospital, carcinoma was 
reported in 28 of 100 patients who underwent ESD.[15] In that 
study, there was 1 case of morbidity. Patients who were not 
eligible for ESD were transferred for surgery. 

Pokala et al.[13] found that tumor size >2 cm, the invasion 
depth of the tumor (T1b), and poor differentiation were 

statistically significant factors affecting LNM in both uni-
variate and multivariate analyses. In that study, LVI was not 
determined to have any effect. Wang et al.[14] reported that 
tumor size, depth of invasion, and LVI were predictive of 
LNM in patients with signet ring cell-associated early GC.

In our study, unlike other results, tumor size and invasion 
depth were not predictive factors for LNM. When the find-
ings were examined in detail, LNM was seen in 26% of pa-
tients with a T1a tumor. Pokala et al.[13] reported an incidence 
of 5%. Our results related to LNM in patients with T2a tumors, 
however, were consistent with the literature. The LNM ratio 
was higher in patients with a tumor <1 cm in diameter when 
compared with previous findings. In our analysis, LNM was 
detected in 61.5% of the patients with LVI, while LNM was 
detected in 26.0% of the non-LVI patients. In the literature, a 
reported rate of detection of LNM of 73% in the LVI-positive 
group was similar to our results.[16] 

ESD is a frequently used method of treatment in early GC. 
Especially in Central Asia and the Far East, ESD is often per-
formed instead of the classical radical resection.[17] The ESD 
method is less invasive and takes less time than radical re-
section, permits a shorter postoperative hospital stay, and 
has a lower postoperative morbidity rate. There was no dif-
ference in survival between the 2 methods in a study com-
paring ESD, ESR, and gastrectomy. In order to obtain this 
result, ESD should be curative.[18] However, an important 
risk of this procedure is that lymph node spread cannot be 
detected because lymph node resection is not performed.
[15, 19] One of the most important reasons for the decision to 
perform surgery in patients with early GC is the possibility 
of LNM. Studies have also shown that in early GC, the risk 
of LNM is 2% to 5%.[20] In a study evaluating early differenti-
ated GC, the LNM finding was 5.5%.[21]

Endoscopic ultrasonography and abdominal CT are used 
to detect the presence of lymph nodes in the preoperative 
period. The sensitivity and specificity of these methods 
have been reported to be 75% and 89%, respectively.[22] 

The 2017 National Comprehensive Cancer Network guide-
lines recommend consideration of ESR or ESD for cases of 
early GC that meet the following criteria: tumor ≤2 cm in di-
ameter, well or moderately differentiated, negative margins, 
limited to the superficial submucosa, and absence of LVI.[23] 

Inflammatory parameters and LNM have also been inves-
tigated, but no effect was observed in the present study. 
Hu et al.[24] analyzed 3012 GC patients. The subgroup anal-
ysis showed that the NLR value was related to LNM in early 
GC patients. NLR is one of the easily applicable parameters 
that show the body's immune response, systemic inflam-
mation, and stress.[25] The normal value varies according to 
race, place of residence, and age. Although a normal NLR of 

Table 5. Cox proportional hazard regression models for death 
including age, gender, lymph node metastasis, lymphovascular 
invasion, and high NLR

  Univariate Model 1* Model 2 †

Lymph node metastasis 2.21 3.42 2.51
  (0.85–5.74) (1.20–9.72) (0.84–7.44)
Lymphovascular invasion 2.42 3.88 3.36
  (0.89–6.56) (1.31–11.44) (1.16–9.73)
High NLR 4.15 4.03 3.58
  (1.51-11.36) (1.38–11.77) (1.13–11.35)

Hazard ratio (95% Confidence interval); * Adjusted for age and gender; 
†Adjusted for age, gender and the 2 other variables; NLR: Neutrophil-to-
lymphocyte ratio.
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1.76 has been identified for the white race, this value is not 
considered to be a standard.[26] 

In the 36-month mean follow-up period, 3 parameters (NLR, 
LNM, albumin) were found to be effective values when the 
parameters of the deceased and censored patients were 
compared in the present study. Kaplan Meier survival anal-
ysis indicated that the life expectancy of patients with an 
NLR value >2.33 was shorter. NLR values determined in sur-
vival studies of early GC patients vary in the literature. Hu 
et al.[24] reported NLR cut-off rates of 1.87 and 2.61, while 
Zhu et al.[27] found a cut-off value of 1.73 in their study. The 
overall survival was 42 months and 92 months for patients 
with high and low NLR values, respectively, in the present 
study. Receiver operating characteristic curve analysis of 
an NLR of 2.33 yielded an area under curve (AUC) value 
of 0.69. An AUC value of 0.70 or more indicates that the 
studied parameter is validated. The value we obtained re-
mained at the limit of validity. This suggests that an NLR of 
2.33 should be validated for the prognosis related to other 
patient groups.

The 5-year overall survival rate of early GC is over 90%, 
reaching 95% in the group without LNM.[28] It has been re-
ported in recent years that inflammatory factors contribute 
to the spread and progression of malignancies and there-
fore, inflammatory indicators can be a predictive factor for 
both the spread and prognosis of cancers. NLR, NMR, LMR 
and the platelet-to-lymphocyte ratio (PLR) are the most 
commonly evaluated inflammatory parameters in cancer 
patients. These parameters have proved to be useful re-
garding the spread, postoperative morbidity, mortality, 
and survival in many cancer patients.[24, 29, 30] A meta-analysis 
also showed that a high NLR ratio was associated with poor 
prognosis.[31] On the other hand, Zhu et al.[27] examined the 
effect of both NLR and PLR on LNM and prognosis in early 
GC patients and they demonstrated that while the depth of 
tumor invasion was applicable to both LNM and prognosis, 
inflammatory parameters such as NLR, LMR had no effect.

Human epidermal growth factor receptor 2 (HER 2)-positiv-
ity has been described in the literature as a poor prognostic 
factor in GC. It was found that 14% of HER 2 levels in gastric 
adenocarcinoma patients were positive and these patients 
had poor prognostic characteristics.[32, 33] In our series, HER 2 
was examined in only 20 of the patients and 30% were found 
to be positive; LNM was not affected by HER 2-positivity.

Limitations of the present study include the retrospective 
design, small sample size, and reliance on the accuracy of 
written record analysis. The primary strength of the study is 
the long follow-up period. This study describes the results of 
a single tertiary institution. Multicenter studies including a 
larger number of patients are needed to confirm our results.

Conclusion
In conclusion, although ESR and ESD are common meth-
ods used in early GC, LNM can be seen in this patient group. 
Radical resection should be considered in patients who un-
derwent endoscopic biopsy and have LVI and a high-grade 
tumor finding in the preoperative period. Patients who un-
dergo radical surgery for early GC with a high preoperative 
NLR, LNM, and LVI should be considered to have shorter 
life expectancy. The NLR value is an independent predictor 
of survival in this patient group. A more aggressive surgery 
should be considered in patients with a NLR value >2.33. This 
value needs to be validated in other centers and studies.
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