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Abstract. Background. Lymph node metastasis is the major determinant factor in the prognosis of gastric cancer. There is still no definite 
consensus on the lymph node number that should be harvested during gastric cancer surgery. Lymph Node Ratio (LNR) is defined as 
the ratio of metastatic nodes to the total number of pathologically examined lymph nodes. LNR has been proposed to be a sensitive 
prognostic factor in patients with gastric cancer. In this study the reliability of the LNR is tested for being a prognostic factor in gastric 
cancer survival. Methods. Medical records of 244 patients, with neither distant metastases nor neoadjuvant treatment underwent curative 
gastrectomy, were analyzed retrospectively in terms of survival according to the lymph node ratio (LNR). Patients were divided in two 
groups by using LNR cut-off value. Results. LNR of 0.4 was proved to be the best cut-off value to predict the prognosis of patients with 
gastric cancer. Univariate and multivariate analysis revealed that age over 65 (p < 0.001), and LNR ≥ 0.4 (p = 0.02) were independent 
factors in gastric cancer survival. Patients with LNR ≥ 0.4 presented with worse outcomes regarding other prognostic parameters (tumor 
differentiation, tumor diameter, lymphovascular invasion or perineural invasion), despite similar numbers of lymph nodes being harvested 
in both groups during surgery. Conclusion. Lymph node ratio is a reliable parameter to predict the survival in gastric cancer.
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Introduction

Gastric cancer remains the fifth most common and fourth deadliest cancer type [1]. Despite the latest surgi-
cal and/or medical treatments, long-term survival has not been improved satisfactorily [2]. Gastric cancer is 
a locoregional disease with high lymphatic metastasis rates [3]. Surgery has been proved as the sole curative 
approach. However, high locoregional relapse and distant metastases are still one of the many prognosis-
determining factors and currently there is no established therapy for eventual disease recurrence. Despite all 
parameters, tumor staging is the crucial value such as tumor invasion (T stage) and lymph node invasion 
(N stage). The presence of lymphatic metastases is one the most important prognostic factors even if there 
is no standardized concept [4].

Various studies such as Bando Zu et al., Kano et al. and Hou et al. showed the ratio of metastatic lymph 
nodes to total harvested lymph nodes (LNR) to be an independent prognostic factor [4–9]. This study is 
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aimed to show the prognostic value of lymph node ratio in the prognosis of the non-metastatic gastric cancer 
patients in any curative resectable stage after defining the cut-off ratio of 0.4 as suggested by Komatsu et al. 
[7]. This study compared these patients in terms of their survival rate.

Methods

This retrospective cohort study was approved by the ethics committee of Prof. Dr. Cemil Tascioglu Sehir 
Hastanesi (Protocol No. E-48670771-514.99, decision number 86).

Non-metastatic gastric cancer patients who underwent surgery without neoadjuvant therapy conduction 
were recruited between 2006 and 2013. Patients’ medical data and pathology reports were retrospectively 
analyzed. Demographic data (age, gender), tumor characteristics (location, diameter, histopathological dif-
ferentiation, lymphovascular invasion (LVI), perineural invasion (PNI)), total number of harvested lymph 
nodes and number of positive lymph nodes were recorded.

Patients without preoperative metastasis and/or synchronous tumor were included in the study. Exclu-
sion criteria comprehended patients with harvested less than 15 lymph nodes, positive resection margins and 
mortality within the first 30 days after surgery. LNR, age and tumor size cut-off value were specified by using 
the receiver operating characteristic (ROC) analysis.

Patients were divided in two groups by using an LNR cut-off value of 0.4. LNR0 group for the value of 
LNR < 0.4 and LNR1 group for the value of LNR ≥ 0.40, respectively.

Patients who required adjuvant therapy were referred to the oncology department for treatment within 
the first six weeks of resection. For 6 to 8 cycles, patients were treated with a 5-fluorouracil-based (FU–FA) 
regimen or capecitabine plus oxaliplatin (XELOX). SPSS 16.0.0 (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. Clinical and pathological parameters were analyzed with Chi-square test. Mann 
Whitney-U test, Kaplan Meier and Multivariable Cox Proportional Hazards, ROC tests. Statistical signifi-
cance was set for p value of ≤0.05.

Results

Of 81 female (33%) and 163 male (67%) patients with a median age of 65 (29–93), the tumor localization 
was: cardia, fundus in 59 (24.2%), body of stomach in 79 (32.4%), antrum in 94 (38.5%) and linitis plastica 
in 12 (4.9%) patients. 

The median tumor size was 6 cm (1.5–23 cm). According to the TNM 8th ed. staging, 35 patients were 
T1 (14.3%), 61 patients T2 (25%), 133 patients T3 (54.5%) and 15 patients T4 (6.1%) respectively. 54 pa-
tients had N0 status (22.1%), 44 patients had N1 (18%), 39 patients had N2 (16%) and 107 patients N3 
(43.9%), respectively. Median harvested lymph node number was 24 (15–74) and median positive lymph 
node number was 5 (0–74).

Histopathological grade was 13 (5.3%) patients with well-differentiated tumor, 102 (41.8%) patients 
with moderately differentiated, 104 (42.6%) patients with poorly differentiated, 5 (2%) patients presented 
with mucinous carcinoma and 20 (8.2%) patients with signet ring cells. There were 169 (69.3%) patients 
with LVI and 136 (55.7) patients with PNI.

LNR was defined as the ratio of metastatic lymph nodes to the total number of harvested lymph nodes. 
In order to find the most adequate cut off value, Area Under Curve (AUC) value was found as 0.65 for over-
all survival rate. For the optimal LNR cut off value was 0.4, sensitivity and specificity were 80% and 47%, 
respectively. Patients were divided in two groups by using an LNR cut-off value of 0.4. LNR0 group for the 
value of LNR < 0.4 and LNR1 group for the value of LNR ≥ 0.40, respectively.
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Similar cut-off values were also analyzed for the age of 65 (AUC: 0.69/64.5  years/56%  sensiti
vity/69%  specificity) and 6  cm for the tumor size (AUC: 0.61/5.8cm/65%  sensitivity/51%  specificity) 
(Figure 1).

Figure 1. ROC Curve for the optimal cut-off value (for LNR, tumor diameter and age)

Figure 2. Survival analysis for LNR cut-off value of 0.4 presented with worse outcome for the LNR1 group (p < 0.001)

Mean follow up time was 55.5 months (1–195; SD: 58.4). Mean survival time was 150.9 months for 
the postoperatively deceased patients. Mean follow-up period was 30.3 months for the surviving patients. 

There was no statistically significant difference in survival between the genders. However, when the sub-
groups were divided according to the median age of 65, there was a shorter survival time in patients over 
65 (p = 0.04). The mean survival period for patients diagnosed with linitis plastica showed shorter survival 
(26.2 months) but without statistical difference (p = 0.13). Patients with a T1 stage showed mean survival of 
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86.1 (median: 84.7; SD: 65.3; 1–195) months, whereas T4 stage patients had mean 28.4 (median: 11.4; SD: 
42; 1–138) months survival period, which was statistically significant (p < 0.001). According to N stage, N0 
patients survived up to mean 87.2 months and N3 patients up to mean 31.6 months (p < 0.001). Survival 
time also differed between the patients with high grade tumors (mean 125 months) and the patients with 
signet ring cell tumor (mean 42.5 months) (p = 0.02).

The LNR0 and LNR1 group also had statistically significant differences in survival time (p < 0.001) 
(Figure 2).

Among all the factors influencing the survival time, according to the multivariate analysis (Cox regression), 
in patients with the age over 65, LNR over 0.4 showed the highest impact on survival (Table 1).

Table 1. Prognostic factors in gastric cancer

n Univariateb 
p value

Multivariatec

HR (95 % CI) p value

Age ≥65 years/<65 years 124/120 0.04 1.9 1.4–2.6 <0.001a

Gender Male/Female 163/81 0.52 –

Localization
Proximal/Corpus/  

Antrum/ 
Linitisplastica

59/79/94/12 0.13 –

Histological 
type

Well/moderately diff./  
poorly diff./ 
mucinous/  

signet ring cell

13/102/104/5/20 0.02 0.38

Tumor  
diameter >60 mm/<60 mm 150/94 0.04 1.2 0.91–1.68 0.19

pT T1/T2/T3/T4 35/61/133/15 <0.001 0.15

pN N0/N1/N2/N3 54/44/39/107 <0.0001 0.42

Lymphovascu-
lar invasion  LVI (+)/LVI (–) 168/76 <0.001 1.1 0.67–1.9 0.64

Perineural 
invasion PNI (+)/PNI (–) 136/108 0.06 1.1 0.77–1.5 0.67

LNRa LNR1/LNR0 85/159 <0.001 1.8 1.1–2.8 0.02a

a – statistically significant factors in both univariate and multivariate analysis; b – univariate analysis; c – application 
of the Cox proportional hazards model.

The LNR1 patients presented mostly with tumors such as linitis plastica (p < 0.001), with more undif-
ferentiated tumor cells (signet ring cell), higher tumor diameter and more tumors in the T4 stages than T1, 
T2 and T3. At the same time, in the LNR1 group, more metastatic lymph nodes with present LVI and PNI 
(p < 0.001) were noted. In both LNR0 and LNR1 groups, similar numbers of lymph nodes were resected 
(Table 2).
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Table 2. Characteristics after LNR 0.4 subgrouping

  LNR1 
n = 85

LNR0 
n = 159 p value

Age Median (range) 62 (38–88) 67 (36–93) 0.09a

Gender Male/Female 58/27 105/54 0.421b

Tumor site Proximal/Corpus/Antrum/ 
Linitis plastica 14/27/34/10 45/52/60/2 0.001b

Histological type
Well/moderately diff./  
poorly diff./mucinous/  

signet ring cell
0/27/45/0/13 13/75/59/5/7 <0.001b

Tumor diameter (mm) Median (range) 70 (2–88) 60 (15–160) 0.001a

T-stage T1/T2/T3/T4 8/13/55/9 27/48/78/6 <0.001b

Lymphovascular invasion 
(LVI) –/+ 6/79 70/89 <0.001b

Perineural invasion (PNI) –/+ 20/65 88/71 <0.001b

Number of metastatic  
lymph nodes Median (range) 17 (6–74) 2 (0–11) <0.001a

Total number of lymph 
nodes removed Median (range) 24 (15–74) 23 (15–60) 0.39a

a – Mann–Whitney U test; b – Chi-square test.

Discussion

Regardless of the tumor location, it is crucial to extract as many lymph nodes as possible for a R0 resection. 
The depth of the tumor invasion shows a tendency to correlate with the number of lymph node metastases. 
Generally, the tumor invasion depth and the number of metastatic lymph nodes are accepted as the most 
important prognostic factors [10–15]. Union of International Cancer Control (UICC) and American Joint 
Committee on Cancer (AJCC) also base their staging on the number of metastatic lymph nodes [16].

In gastric cancer, determining prognostic factors play an important role in choosing the most appropriate 
treatment modality. The number of extracted lymph nodes can vary, even being extracted via the same tech-
nique every time and can be influenced by many factors. There are different lymphadenectomy methods de-
scribed and preferred in Eastern and Western countries as a consequence of epidemiological differences, such 
as obesity rates and other risk factors for gastric cancer [17–21]. The surgeons’ experience, surgical technique 
(e.g., D1 vs. D2 dissection) and biological factors determine the number of resected lymph nodes. Higher 
body-mass-index (BMI) is associated with fewer lymph nodes. Adipose tissue, anatomical variations, inex-
perienced surgeon and unthorough histopathological tissue processing also led to lower number of extracted 
lymph nodes [22]. Low number of extracted lymph nodes might eventually lead to inaccurate staging of the 
disease and under staging [15, 23]. Up to 5–15% of the cases, a stage migration in the TNM classification 
according to the AJCC might be seen, due to this bias [24].

Correct application of the LNR can reduce this bias and the international differences in the diagnostics, 
staging and treatment. An international standardized approach would also improve the prognosis of gastric 
cancer. However, various cut-off values (0.4–0.75) are reported in the literature [24]. Some groups adopted 
the 0.4 ratio, which was also defined in this study [7]. In various studies some authors are suggesting leve
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led cut-off value instead of one level cut-off value and some authors preferred to find cut-off value in stage 
III cancer group. In this study stage is not researched and the operations performed by the different surgeons 
because of this one level cutoff is found in the researched study group [25]. In this study the feasibility of the 
LNR as a prognostic factor in all kinds of surgeries regardless of their lymph node stages was proved. 

While patients’ age (≥65 years/<65 years), histologic differentiation (well, moderately, poorly differen
tiated, signet ring cell tumors), tumor size (≥60 mm/<60 mm), T stage (T1/T2/T3/T4), LVI (+/–), PNI 
(+/–), LNR (≥0.4/<0.4) showed statistical significance in the univariate analysis. On the other hand, age and 
LNR ≥ 0.4 affected survival time statistically significant in the multivariate analysis (Table 1).

In their univariate analysis Komatsu et al. [7] found that the age, tumor size, T and N stages, LVI, PNI 
and LNR affected the survival period, whereas only age, tumor size and LNR of the N3 stage of the gastric 
cancers appeared to be the independent factors in multivariate analysis. The multivariate analysis in this study 
showed that patients’ age and LNR ≥ 0.4 are independent prognostic factors regardless of subgrouping of 
the lymph nodes. 

LNR becomes more important, in patients with insufficient lymph node dissection, for prediction of 
prognosis. 

Recent articles proved an increase of incidence in young onset gastric cancer cases and prognosis is worse 
than the late onset patients [26]. However, in this study LNR high groups are more common in young 
patients.

In patients with gastric cancer, LNR represents tumor features (number of metastatic lymph nodes) and 
also acts as a treatment parameter (extent of lymph node dissection) [27]. Although the number of extracted 
lymph nodes in both of the subgroups divided according to the LNR ≥ 0.4 is similar, this is specified in 
similar articles [25]. 

Linitis plastica affects survival in univariate analysis but in multivariate analysis there is no effect on sur-
vival. However, linitis plastica is more common in the LNR1 group. In the event of a rise in the number of 
cases, linitis plastica may be one of the variables affecting survival independently.

Other factors such as LVI (+), PNI (+), and T4 tumors have been found in studies to have a worse progno-
sis, but a statistically significant greater incidence in LNR (+) groups has been documented, with deterioration 
in patients with high LNR (+) described as prognosis [28–30].

One explanation for this correlation is because LNR is apparently linked to the possibility of the patient’s 
immune reactivity as a defensive mechanism to be a more complex prognostic marker that takes into account 
both, surgical efficacy and cancer biology and the spread of malignant cells [18–22]. For example, the status 
of epidermal growth factor receptor (EGFR) expression, which controls the immune response by influencing 
the activity of regulatory T-cells or myeloid-derived suppressor cells during cancer development, is apparently 
linked to immunological reactivity [9, 31, 32]. Additionally, Oh et al. discovered that EGFR mutations were 
linked to advanced illness [33]. 

Lymph node number and pN stage can be related with LNR but in gastric cancer there are still cellular 
mechanisms which might produce different results in future studies and yet need to be proven.

Limitations

This study is retrospective and the number of patients is relatively small. The standards in surgical techniques 
are not uniform and show varieties. Many different authors stated different cut-off values for LNR other 
than the one in this study. Neoadjuvant therapy was not applied, although it has been used in recent years.
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Conclusion

Patients’ age, T stage and N stage are statistically significant factors that influence survival. The presence of 
LVI and PNI in tumors also affected the prognosis. LNR ≥ 0.4 is associated with worse prognosis. It can 
contribute to the decisions on the postoperative therapy regimes of patients, where an extended lymph node 
dissection cannot be performed for different reasons. To conclude, LNR is a reliable determinant of the 
prognosis in gastric cancer.
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