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1. INTRODUCTION 

Esophageal cancer (EC) is the eighth most 

common malignant tumor worldwide, with an 

incidence of 456000 new cases in 2012 (3.2% 

of the total), and the sixth most common cause 

of cancer death, with an estimated 400000 

deaths (4.9% of the total) [1]. 

Despite the many advances in EC diagnosis, 

staging and treatment, the survival rate remains 

low, between 15% and 20% at 5 years [2]. 

Esophagectomy remains the treatment of choice 

in patients with resectable disease, with several 

types of surgical procedures described. 

However, this many techniques lead to 

significant variability in the number of dissected 

lymph nodes [3]. 

In 2010, the 7th edition of the TNM for EC 

improve the N categorization; stratifying 

patients according to the number of metastatic 

lymph nodes (MLN) [3, 4]. However, this 

system does not specify the appropriate number 

of dissected lymph nodes (DLN) for an 

appropriate N-stage staging [4]. Patients with an 

inadequate number of lymph nodes examined 

may lead to understaging and subcategorization 

of the disease [3, 5]. Some studies have shown 

that accuracy in staging and survival in EC 

increases proportionally with the number of 

Dissected Lymph Nodes (DLN) [5, 6,7]. 
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The MLNR (metastatic lymph node ratio), 

defined as the ratio between MLN number and 

total number of DLN [8, 9] has been shown in 

several studies to be an independent prognostic 

factor in EC [10-15]. However, few studies have 

evaluated whether MLRN has a greater impact 

on survival prognosis compared to the absolute 

number of MLN according to the 7th edition of 

the TNM staging system [8, 9], thus attenuating 

the possible effects of a suboptimal 

lymphadenectomy. 

Therefore, it is crucial to evaluate and clarify the 

impact of the MLRN on survival prognosis 

compared to the pN category of the 7th edition 

of the TNM system. 

2. METHODS 

The study population included patients with 

histological diagnosis of EC treated surgically at 

Braga Hospital from 01/01/2000 to 12/31/2015. 

Exclusion criteria were; patients undergoing 

surgical palliative or neoadjuvant treatment; 

patients whose pathological report was not 

possible to obtain, or in which the number of 

analyzed and metastatic nodes was not 

mentioned and patients whose death was 

verified up to 30 postoperative days. 

The MLNR was calculated between the number 

of lymph nodes invaded and dissected. In order 

to define the cutoff points to the categorization 

of patients using the ratio between MLN number 

and DLN number, we used the X-tile software 

(Camp, Dolled-Filhart, &Rimm, 2004) available 

on the website http://medicine.yale.edu/lab/ 

rimm/research/software.aspx [18]. The cutoffs 

suggested by the mentioned software were 0 and 

36, thus obtaining three categories for the ratio. 

For purposes of convenience of interpretation, 

and given the low number of sample cases at 

higher levels of the ratio, we chose to round off 

the second cut-off point to the value 30, since 

the differences in survival were similar 

considering any of these two cut-off points. 

Therefore, three categories as described 

previously. 

A descriptive analysis was performed 

corresponding to the demographic and 

pathological characteristics of the patients. 

Differences in survival were tested through the 

Kaplan-Meier method and log-rank test 

(univariate analysis). All variables that showed 

significant differences in the univariate analysis 

were retained and their independent predictive 

power tested using a Cox regression analysis 

(multivariate analysis). 

The relationship between DLN number, MLN 

number and MLRN was analyzed using the 

Spearman correlation coefficient. 

For all tests the significance level adopted was 

5%, considering a significant result if p<.05. 

This project was approved by the Subcommittee 

on Ethics for Life Sciences and Health and 

Ethics Committee for Health of the Hospital of 

Braga. 

3. RESULTS 

Eighty-eight patients met the eligibility criteria 

for the study. Table 1 presents the demographic 

and pathological characteristics of this group of 

patients. 

Table1. Demographic and Pathological Characteristics of Patients  

Variable n (%) 1-year survival rate (%) 5-year survival rate (%) pa 

Age (years)     .064 

 60 44 (50) 74.5 25.3  

> 60 44 (50) 78.2 49.2  

Gender    .190 

Male 74 (84.1) 73 34.4  

Female 14 (15.9) 92.9 43.8  

Female 14 (15.9) 92.9 43.8 Female 

Tumor localization Upperthird 2 (2.3) 50 0  

Tumor localization Middlethird 31 (35.2) 70.6 32.8  

Tumor localization Lowerthird 55 (62.5) 80.7 38.1  

Tumor length(cm)    .095 

 4 50 (56.8) 85.3 47.8  

> 4 34 (38.6) 63.8 26.1  

Unknown 4 (4.5) - -  

Smoking    .474 

No 35 (39.8) 81.6 27  

Yes 53 (60.2) 73.1 42.5  

Alcoholconsumption    .626 

No 44 (50) 78.6 36  

http://medicine.yale.edu/lab/
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Yes 44 (50) 73.8 35.7  

Historyofothercancers    .791 

No 79 (89.8) 74.8 35.9  

Yes 9 (10.2) 88.9 38.9  

Post-op hospitalization time - 

mean (DP) 

17.3 

(10.7) 
- - .46 

Complications during 

hospitalization 
   .915 

No 64 (72.7) 75.9 33.6  

Yes 24 (27.3) 76.9 44.2  

Histologicaltype    .881 

SCC 58 (65.9) 73.3 38.2  

Adenocarcinoma 30 (34.1) 82.2 33.7  

Lymphadenectomy    .969 

< 15 lymph nodes 55 (62.5) 79 36.8  

≥ 15 lymph nodes 33 (37.5) 71.9 36.7  

MLN – mean (DP) 1.68 

(2.83) 
- - - 

DLN – mean (DP) 12.4 (7.1) - - - 

Relapse    <.001 

No 39 (44.3) 91.6 84.3  

Yes 49 (55.7) 65.3 6.7  

Post-oprelapse    <.001 

< 2 year 37 

(75.5%) 
54.1% 0%  

2 year 12 

(24.5%) 
100% 25%  

Mortality     

No 32 

(36.4%) 
- - - 

Yes 56 

(63.6%) 
- - - 

pT    .001 

pT1 20 (22.7) 88.5 81.7  

pT2 22 (25.0) 86.4 40.9  

pT3 46 (52.3) 66.7 14.7  

Histological grade    .005 

G1 25 (28.4) 91.7 55.7  

G2 39 (44.3) 78.9 36.3  

G3 24 (27.3) 64.7 9.6  

pN    <.001 

pN0 48 (54.5) 91.1 62  

pN1 22 (25.0) 66.7 5.8  

pN2 10 (11.4) 70 10  

pN3 8 (9.1) 25 0  

pM    <.001 

pM0 84 (95.5) 78.8 38.2  

pM1 4 (4.5) 25 0  

  MLR    <.001 

0 48 (54.5) 91.1 62  

1 26 (29.5) 73.1 10.1  

2 14 (15.9) 30.8 0  

Note: aLog-rank test; MLR: Metastatic lymph node ratio 

T1:Tumor invades the lamina propria, muscularis mucosa or submucosa; T2:Tumor invades 

muscularispropria; T3:Tumor invades the adventitia. 

G1: Well differentiated; G2: Moderately differentiated; G3: Poorly differentiated.   

N0: No lymph nodes metastases; N1: metastases in 1-2 regional lymph nodes. N2: metastases in 3-6 regional 

lymph nodes; N3: metastases in 7 or more regional lymph nodes.  

M0:No distantmetastases; M1: Distantmetastasespresent. 
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3.1. Independent Predictors of Prognosis 

In univariate analyzes, only the existence of 

relapse, histological grade, pN stage, pT stage, 

pM stage and MLRN revealed differences in 

survival (Table 1). To test the predictive 

power of these six variables a multivariate 

analysis was performed, and only the existence 

of recurrence (p<0.001) and MLRN (p=0.048) 

are independent prognostic factors. 

3.2. Survival Analysis for MLR and pN 

Survival analysis showed differences between 

MLRN categories (p<.001), indicating that 

lower MLRN categories are associated with 

higher survival rates (Fig1). 

 

Fig1:  Survival curve for MLR categories. 

For the categories MLRN0, MLRN1, and 

MLRN2, the median survival was, 

respectively, 96, 23 and 8 months.The1and 

5year survival rates for each MLRN category 

are described inTable1.The results of the log-

rank test indicated significant survival 

differences between all categories: MLRN0 

versus MLRN1 (²(1) =17.364, p<.001), MLRN0 

versus MLRN2 (²(1) =43.789, p<.001), MLRN1 

versus MLRN2 (²(1) =5.436,p =.02). 

Regarding the pN categories, the survival 

analysis results also indicate significant 

differences (p<.001) (Fig2). Median survival 

was 96; 22; 20; and 6 months, respectively for 

pN0, pN1, pN2 and pN3. The survival rates at 

1 and 5 years are documented in Table1. 

 

Fig2.  Survival Curve for pN Categories. 

However, when the categories are compared, 

differences in survival were observed between 

pN0/pN1 (²(1) = 18.730, p<.001); pN0/pN2 

(²(1) =15.225, p<.001); pN0/pN3 (²(1) 

=39.431, p<.001) and pN1/pN3 (²(1)=5.659, p 

=.017). There were no differences between 

pN1/pN2 and pN2/pN3. 

3.3. Comparison of Survival Rate by T 

Stage 

Table 2 presents the survival analysis results 

for the three MLRN categories when the 

sample is stratified by pT stage. The results 

indicate that, for all pT stages, lower levels of 

MLRN are associated with longer survival 

time. However, the difference between 

MLRN0 and MLRN1 in pT2 is only 

marginally significant (p=.052). 

Table2. MLR Survival Analysis, Stratified by Pt Stage 

 MLR0 MLR1 MLR2  

 N TS–1y TS–5y N TS–1ª TS–5y N TS–1y TS–5y Pa 

pT1 19 94.1% 86.9% 1 0% 0% - - - .008 

pT2 16 87.5% 53.8% 6 83.3% 0% - - - .052 

pT3 13 92.3% 26.6% 19 73.7% 14.4% 14 30.8% 0% <.001 

Note: aLog-rank test; TS–1y: 1-year survival rate; TS–5y: 5-year survival rate 

Table 3 presents the survival analysis results for 

pN categories, per pT stage. The results also 

show differences between pN categories at the 

three pT stages. However, when survival 

between pN categories is compared two-way 

(pairwise comparison), within pT2 stratum there 

are only differences between pN0/pN3 

(²(1)=6.775, p=.009) and pN1/pN3 

(²(1)=4.000, p=.046). Therefore, in the pT2 

stratum there were no differences between 

pN0/pN1 (²(1) =1.620, p =.203); pN0/pN2 

(²(1) = 0.814, p =.367) and pN1/pN2 (² (1) = 

0.002, p =.967). 
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Within pT3 stratum, differences were found 

between pN0 and the remaining stages of pN 

(p<.05). However, no differences were found 

between pN1/pN2 (²(1) = 0.002, p =.963); 

pN1/pN3 (²(1) = 3.011, p =.083) and pN2/pN3 

(²(1) = 2.459, p =.117).  

Table3. pN survival Analysis, Stratified by pT Stage 

 pN0 pN1 pN2 pN3  

 n TS-1a TS-5y n TS-1a TS-5y n TS-1a TS-5y n TS–1a TS-5y pa 

pT1 19 94.1% 86.9% 1 0% 0% - - - - - - .008 

pT2 16 87.5% 53.8% 4 75% 0% 1 0% 0% 1 0% 0% .010 

pT3 13 92.3% 26.6% 17 62.5% 7% 9 66.7% 11% 7 28.6% 14.3% .003 

Note: aLog-rank test; TS–1y: 1-year survival rate; TS–5y: 5-year survival rate 

Within pT3 stratum, differences were found 

between pN0 and the remaining stages of pN 

<.05). However, no differences were found 

between pN1/pN2 (²(1) =0.002, p =.963); 

pN1/pN3 (²(1)=3.011, p=.083) and pN2/pN3 

(²(1)=2.459, p=.117).  

3.4. Comparison of Survival Rates in the 

Subgroups Resulting from the 

Categorizations pN and MLRN 

No differences were found in survival between 

pN categories within the stratification defined 

by MLRN. 

3.5. Correlation between the Number of 

Metastatic Lymph Nodes and Dissected 

Lymph Nodes 

As seen in Fig3, the results of the Spearman 

correlation analysis between MLN and DLN 

indicates a positive relationship between both 

variables (rs=.301, p<.01). However, MLRN is 

not correlated with DLN number (rs=.194, p 

=.071). 

 

Fig3. Correlation metastatic lymph nodes and 

dissected lymph nodes 

3.6. Comparison of Survival Rates due to 

Lymphadenectomy at Each Stage pN and 

MLR 

Table 4 show the results of the difference in 

survival between the two levels of 

lymphadenectomy (<15 vs ≥15) at each pN and 

MLRN stage. No difference was observed 

between the two groups at any pN stages and for 

MLRN categories. 

Table4.  pN and MLRN survival, Stratified by Level of Lymphadenectomy 

 <15 15  

 N TS–1y TS–5y N TS–1y TS–5y pa 

pN0 35 90.8% 58.7% 13 91.7% 76.4% .381 

pN1 11 70% 0% 11 63.6% 12.7% .541 

pN2+3 9 44.4% 0% 9 55.6% 0% .668 

MLR0 35 90.8% 58.7% 13 91.7% 76.4% .381 

MLR1 10 80% 0% 16 68.8% 19.5% .325 

MLR2 10 33.3% 0% 4 25% 0% .288 

Note: aLog-rank test; TS–1y: 1-year survival rate; TS–5y: 5-year survival rate 

4. DISCUSSION 

Esophageal cancer is commonly associated with 

a poor prognosis. Its incidence increases with 

age, and a higher prevalence in seen in the male 

gender.  

The squamous cell carcinoma remains as the 

most common histological type in the world and 

the lower third is the most frequently affected 

site [19,20]. All these epidemiological 

characteristics are similar to those observed in 

this study. 

In order to diminish the effects of the inadequate 

staging after esophagectomy, the MLRN 

concept emerges as a new prognostic factor for 

survival [9]. However, there is still no consensus 

regarding the optimal cut-off values [8]. 

Bogoevski et al, identified MLRN as an 

independent prognostic factor for survival, 
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subdividing it into four categories (0,<11%,11% 

-33% and>33%) [19]. He et al, reached the same 

conclusions, stratifying the ratio into three 

categories (<15%, 15% -30% and> 30%) [8]. 

However, Greenstein et al, stratifying it into 

three categories (≤20%,21-50% and >50%),find 

no differences in survival,between the last two 

groups[15]. 

This study used 3cut-off points for the ratio 

(MLRN0:0%,MLRN1:0.0%<MLRN≤30%,ML

RN2: MLRN> 30%), obtained by the X-tile 

software previously used in another study with 

similar cut-off points (0%, 1-25% and> 

25%)[9]. 

Firstly, we analyzed if the stratified ratio in 

these three categories would be a better 

prognostic factor than the pN categories 

according to the 7th edition of the TNM system. 

Univariate analysis documented that the 

variables pT, pN, pM, histological grade, 

MLRN and the postoperative recurrence have an 

impact in terms of survival (p<.01). However, 

through multivariate analysis, only MLRN and 

relapse proved to be independent prognostic 

factors (p<.05).The pN category is marginally 

significant (p=.54). Chenetal, in a prospective 

study with 2011 participants with SCC, 

concluded that age, categories pT, pN, pM, and 

histologic grade were independent prognostic 

factors[21]. However, did not evaluate MLRN. 

Tan et al, regarding the same variables,with the 

exception of age and adding the MLRN,found 

that pT category and MLRN were independent 

prognostic factors [9]. On the other hand, He et 

al did not find differences regarding 

pTcategory[8]. The differences found in these 

studies may be related to the non-

standardization of the inclusion criteria, as well 

as to the sample size. However, studies are 

consistent with the ratio as an independent 

predictor of prognosis [8, 17]. 

Through the analysis of the survival curves 

(Fig1), differences were observed among all 

categories of MLRN (p<.001). However, when 

comparing survival between the different pN 

stages, no differences were observed. Chen et al 

and He et al, using different cut-off points, 

found differences (p<.001). However, the same 

did not occur when they compare dp N2 versus 

pN3 [3, 8]. According to He et al, a possible 

explanation may be the reduced number of 

patients in the pN3 subgroup (n=24; 6.8%) [8]. 

Yang et al. and Chen et al, also did not find 

differences betweenp N2 and pN3, proposing a 

different reclassification for the pN categories 

[21,22]. 

Tan et al, using similar cutoff points (0%; 1-

25%; >25%) as our study, also found 

differences (p<.001) among the different 

categories of MLRN, unlike between pN2 vs 

pN3 (14).These results reinforce the importance 

of the MLRN, seeing that, for more advanced 

stages, stratification by the pN category may not 

be the most adequate and the ratio may have a 

higher prognostic potential, as found in this 

study. 

Survival analysis of MLRN and pN categories 

was performed as a function of tumor invasion 

depth (pT), and a difference was observed in 

both cases. However, when survival for the pN 

categoriesis compared within the pT2 category, 

no differences were observed.These results, 

despite the strong limitations inherent to the 

sample size in some subgroups, evidenced a 

worse stratification of the pN categories in some 

pT stages, in contrast to the MLRN. There were 

also no differences when comparing the pN 

categories as a function of the MLRN. Tanet al 

presented similar results[1]. 

An adequate lymphadenectomy is crucial for 

correct staging in the EC [3, 8]. Peyre et al 

concluded that the number of DLN was an 

independent prognostic factor and that patients 

benefited with the dissection of at least 23 

lymph nodes [6]. Greenstein et al, found a 

progressive increase in survival for the pN0 

category with the increase in the number of 

DLN, suggesting the dissection of at least 18 

lymph nodes [7]. 

To evaluate the impact of  lymphadenectomy on 

survival prognosis as a function of the ratio and 

the pN categories, the NCCN (National 

Comprehensive Cancer Network (NCCN 

Version3. 2015) recommendations were 

followed,which suggest atleast the dissection of 

15 lymph nodes for correct staging of post-

esophagectomy patients [20]. Univariate 

analysis showed no difference in survival when 

these two groups were compared (p=.969),as 

well as when the various subgroups of ratios and 

pN categories were evaluated individually. 

However, the Spearman's correlation between 

the number of metastatic lymph nodes (MLN) 

and DLN numbers showed a positive 

relationship between both variables (rs=.301, 

p<.01), witch was not found with the MLRN. 

Chen et al. showed that patients who were 

stratified according to the pN categories, those 
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in which ≥15 lymphnodes were examined had 

better survival rates than those in which less 

than 15 were dissected, except for the pN3 

category. These differences were not observed 

with MLRN,emphasizing the importance of this 

ratio for a less optimized lymphadenectomy[3]. 

Tan et al. demonstrated a survival benefit with a 

more extensive lymphadenectomy (≥15 lymph 

nodes examined) for the categories pN0 and 

pN1, but these differences are dissipated for the 

higher categories (pN2 + pN3). No differences 

were found concerning the MLRN except for a 

ratio equal to zero [9]. The author argues that 

for more advanced stages, there seems to be no 

benefit to a broader lymphadenectomy, in which 

case the ratio may be of additional importance, 

minimizing the effects resulting from the 

number of DLN. On other hand, other authors 

did not find differences on survival prognosis 

related to the extent of lymphadenectomy (<15 

versus ≥15) [8, 9]. 

As mentioned before,we observed a is a positive 

relationship between the pN categories and the 

DLN number but without relation with the 

adopted lymphadenectomy, which may be 

explain due to the reduced sample size. 

5. CONCLUSION 

A correct staging is crucial for an accurate 

prognosis of patients with EC. Literature 

documents the metastatic lymph node ratio as a 

new independent prognostic factor in EC 

patients. The authors concluded that MLRN was 

a better predictor of prognosis compared to pN 

categories, by stratifying the patients according 

to the three ratio ranges (MLRN0: 0%; MLRN1: 

0.0% <MLRN≤30 MLRN2: MLRN>30%). 
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