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Log odds of positive lymph nodes is a novel prognostic indicator 
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Background: To investigate the prognostic value of the log odds of positive lymph nodes (LODDS) in 
patients with advanced esophageal squamous cell carcinoma (ESCC) after surgical resection.
Methods: Clinical data of 260 patients with advanced ESCC undergoing surgical resection were 
retrospectively reviewed. Univariate and multivariate analysis were done using the chi-square test and Cox 
regression model. Receiver-operating-characteristic (ROC) curve was used to compare the association of 
pathologic nodal (pN) and LODDS with 3- or 5-year overall survival (OS). The cut-point analyses were 
performed to determine whether there was a cutoff LODDS related to the greatest OS difference.
Results: The mean follow-up duration was 30 months (range, 3 to 106 months). The 1-, 3-, 5-year OS 
rates were 70.0%, 41.9% and 30.3%, respectively. Univariate analyses indicated that the 5-year OS rates 
were 51.2%, 30.5%, 24.6%, and 14.2% in LODDS1, LODDS2, LODDS3, and LODDS4, respectively, 
and the median survival times were 68.7, 34.6, 24.0, and 14.6 months, respectively (P=0.000) for all 
patients, and subgroup analysis showed the effect did not change in 155 patients without lymph node (LN) 
metastasis (P=0.024). Multivariate analysis showed that LODDS [hazard ratio (HR) =1.309, P=0.003] to 
be independent and significant prognostic factors for all patients, so as in node-negative patients LODDS 
(HR =1.610, P=0.038). The AUC of LODDS stage (AUC =0.630) was larger than that of pN stage (AUC 
=0.621) in prediction of 3-year OS, however LODDS were smaller in prediction of 5-year OS (AUC =0.620, 
0.631, respectively), and the differences were not statistically significant (P>0.05 all). Lastly, the step analysis 
identified the best cut-off point for LODDS as −1.2 that is significantly associated with the prognosis of 
the node-negative patients (P=0.024), and the ROC analysis also indicated that a cut-off value of −1.2 for 
LODDS provided the highest sensitivity and specificity interestingly.
Conclusions: LODDS may be suitable for evaluation of OS in advanced ESCC patients without LN 
metastasis.
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Introduction

Esophageal carcinoma (EC) is a common malignancy 
worldwide,  the main type of EC are classif ied as 
adenocarcinoma in the West, whereas most cases in Eastern 
countries are esophageal squamous cell carcinoma (ESCC) 
, such as China, where it accounts for more than 90% of all 
EC cases (1,2). This implies that there might be differences 
in the prognosis and therapeutic strategies for EC patients 
in Eastern countries.

Lymph node (LN) metastasis is considered as one of 
the most important factors in determining the prognosis 
of ESCC patients following surgical resection (3). The 
pathologic nodal (pN) stage of the tumour-node-metastasis 
(TNM) 7th classification, is still widely used to predicting 
clinical prognosis of ESCC (4), However, studies have 
showed that the number of LN metastasis is significantly 
influenced by the number of dissected LNs, so if the 
number of LNs detected is insufficient, the accuracy of the 
pN staging for prognostic assessment will be impacted and 
led to “stage migration” (5-8). In addition, the definition 
of the pN0 classification is no positive LN detected. LN 
negative patients account for a large proportion in the 
overall esophageal cancer patients, which means that many 
patients do not survive from the pN classification.

The log odds of positive lymph nodes (LODDS) have 
been regarded a novel prognostic indicator in many other 
cancers, such as pancreatic cancer, gastric cancer, and 
colorectal cancer, defined as the log of the ratio between 
the probability of being a positive LN and the probability 
of being a negative LN when one LN is dissected (9-14). 
However, in dealing with advanced ESCC patients (pN0 
stage especially) after curative surgery, rare attention has 
been paid to the prognostic value of LODDS. Thus, the 
aim of this study is to determine the prognostic effect of 
LODDS system in patients with ESCC, and to explore an 
appropriate classification based on LODDS.

Methods

Patients

The clinical data of 260 patients with histopathologically 
confirmed ESCC who underwent curative esophagectomy 
with standard lymphadenectomy at Tianjin Medical 
University Cancer Institute and Hospital from January 
2005 to December 2009 were retrospectively analyzed. 
The inclusion criteria were as follow: (I) patients who 

underwent esophagectomy and lymphadenectomy; (II) R0 
resection margins determined by microscopic examination 
of the surgical specimen; (III) thoracic ESCC confirmed 
by histopathologic examination; (IV) staging of ESCC as 
T2-4N0-3M0 according to the TNM 7th classification; 
(V) no preoperative radiotherapy and/or chemotherapy. 
The exclusion criteria include: (I) patients who underwent 
palliative surgery; (II) patients who had distant metastasis.

Surgical procedures and pathological examination

In our institution, the preoperative workup included a 
history, physical examination, endoscopy of the entire 
upper gastrointestinal tract, chest computed tomography, 
and ultrasonography/computed tomography of the 
neck and abdomen. The choice of surgical procedure of 
esophagectomy was made by surgeon’s preference, and 
based on the esophageal cancer treatment guidelines. 
LN dissections were performed using the standard or 
extended (en-bloc) technique. The dissected thoracic nodes 
included the recurrent, hilar, carinal, pulmonary ligament, 
phrenic, and other paratracheal nodes. The abdominal LNs 
that were dissected included the paragastric and hepatic 
artery nodes. Dissected LNs were fixed in 10% formalin, 
embedded in paraffin, and stained with hematoxylin-eosin 
(HE). The LN number was counted by low power field 
microscopy and the status was determined by experienced 
pathologists. Postoperative pN staging was according to the 
AJCC TNM 7th staging system: pN1, patients with 1–2 
metastatic LNs; pN2, patients with 3–6 metastatic LNs; 
pN3, patients with 7 or more metastatic LNs (4). LODDS 
were estimated using the calculation: log(pnod+0.5)/(tnod-
pnod+0.5) in which pnod is the number of positive LNs and 
tnod is the total number of LNs retrieved.

Follow-up

After curative surgery, all of the patients were followed up 
by hospital visit, mail, or telephone call every 3 months for 
the first year, every 6 months for the second year, and then 
every year until death or the last follow-up. The deadline 
of the follow-up was set at December 2014. OS time was 
determined from the date of surgery to the date of death 
or the last follow-up, otherwise they were considered “lost 
to follow-up”. A total of 61 patients survived, 152 patients 
died, 47 cases lost to follow-up were treated as censored 
data for the analysis of survival rates.
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Statistical analysis

Statistical analyses was performed using SPSS version 
22.0 (SPSS, Inc., Chicago, IL, USA) software. Survival 
analysis was performed using the Kaplan-Meier method 
and validated by the log-rank test. The significant 
clinicopathologic factors were included into the Cox 
proportional hazards regression model to determine the 
independent prognostic factors and compute their HRs 
and 95% CIs. Receiver-operating-characteristic (ROC) 
curve and area under the curve (AUC) analysis was used to 
compare the association of pN and LODDS with 3-year 
or 5-year overall survival (OS). The cut-point analyses 
were performed to determine whether there was a cutoff 
LODDS related to the greatest OS difference by use a step 
analysis with 0.1 LODDS intervals to predict prognosis, 
and then a series of log-rank tests were performed, with 
the highest Chi-squared statistic representing the greatest 
group difference. For all statistical analyses, P values ≤0.05 
were considered significant.

Results

Patient characteristics and OS

A total of 260 patients with advanced ESCC undergoing 
surgical resection were enrolled. The clinical characteristics 
of these patients are shown in Table 1. There were 216 
(83.1%) male patients and 44 (16.9%) female patients with 
their median age of 62 years (range, 27 to 92 years). Overall, 
44 (16.9%) patients were in stage pT2, 133 (51.2%) patients 
were in stage pT3 and 83 (31.9%) patients were in stage 
pT4. and 155 (59.6%) patients had node-negative disease 
and 105 (40.4%) had nodal metastases. A total of 2,893 
positive LNs were dissected, and 715 of these were positive 
(24.7%). The median LODDS were −1.20 (range, −1.97 to 
0.95). All patients were divided into four groups according 
to the quartiles of LODDS (continuous variable). Thus, 
there were 74 patients in LODDS1 (range, −1.97 to −1.43), 
67 patients in LODDS2 (range, −1.43 to −1.20), 55 patients 
in LODDS3 (range, −1.20 to −0.69), and 64 patients in 
LODDS 4 (range, −0.69 to 0.95).

The median follow-up period for the entire cohort was 
30 months (range, 3 to 106 months). The cumulative 1-, 
3-, and 5-year survival rates for all the patients were 70.0%, 
41.9%, and 30.3%, respectively, with the median survival 
time was 27 months.

Table 1 Clinicopathological characteristics of 260 patients with 
ESCC

Characteristics No. of patients, n (%) 5-YSR (%)

Gender

Male 216 (83.1) 27.3

Female 44 (16.9) 38.6

Age (years)

≤60 117 (45.0) 32.2

>60 143 (55.0) 26.7

Smoking history

No 72 (27.7) 29.5

Yes 188 (72.3) 28.8

Tumor diameter(cm)

≤3.5 85 (32.7) 43.2

>3.5 175 (67.3) 22.4

Location of tumor

Upper 15 (5.7) 38.5

Middle 214 (82.3) 27.8

Lower 31 (11.9) 36.4

T stage

T2 44 (16.9) 50.5

T3 133 (51.2) 30.1

T4 83 (31.9) 28.1

N stage

N0 155 (59.6) 39.7

N1 67 (25.8) 15.9

N2 31 (11.9) 13.5

N3 7 (2.7) 16.7

LODDS

LODDS1 74 (28.5) 51.2

LODDS2 67 (25.8) 30.5

LODDS3 55 (21.2) 24.6

LODDS4 64 (24.6) 14.2

ESCC, esophageal squamous cell carcinoma; LODDS, log odds 

of positive lymph nodes; 5-YSR, 5-year survival rate.
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Prognostic value of LODDS in advanced ESCC

The log-rank test shows LODDS considerably influenced 
survival. The 5-year OS rates were 51.2%, 30.5%, 24.6%, and 
14.2% in LODDS1, LODDS2, LODDS3, and LODDS4, 
respectively, and the median survival times were 68.7, 34.6, 
24.0, and 14.6 months, respectively (Figure 1, P=0.000).

To determine whether LODDS were an independent 
factor associated with OS in ESCC patients, univariate 
Kaplan-Meier analysis and multivariate analysis was 
performed to assess the predictive capability of each 
variable. The univariate and multivariate analyses with 
respect to OS also indicated tumor diameter [hazard ratio 
(HR) =0.681, P=0.038], T stage (HR =1.243, P=0.012) and 
LODDS (HR =1.309, P=0.003) to be independent and 
significant prognostic factors in all patients, and T stage  
(HR =2.010, P=0.019) and LODDS (HR =1.610, P=0.038) 
in node-negative patients (Table 2).

Subgroup analysis

Subgroup analysis showed no significantly difference in 
survival between LODDS1 and LODDS2 (P=0.096) or 
between LODDS3 and LODDS4 (P=0.109). To study 
furthermore, LODDS 1 and 2 (−1.97.0 to −1.20) were 
combined, and LODDS 3 and 4 (−1.20 to 0.95) were 
combined. First, of all patients, the 5-year OS rates were 
40.7% and 19.1%, respectively, and the median survival times 

were 42.4 and 15.7 months, respectively (Figure 2A, P=0.000). 
Then we examined the prognostic effect of LODDS 
according to different pN stages. The results indicated that 
higher LODDS were associated with worse OS in patients 
with pN0 stage (Figure 2B, P=0.024), but the difference was 
not statistically significant in pN1–3 stage patients (P=0.570).

ROC analyses

The AUC based on ROC curves for 5-year OS or 3-year 
OS were measured and compared using the method 

Figure 1 Effects of the log odds of positive lymph nodes (LODDS) 
on the survival of esophageal squamous cell carcinoma (ESCC) 
patients.

Figure 2 Subgroup analysis. (A) Effect of the log odds of positive 
lymph nodes (LODDS) on the survival of esophageal carcinoma 
(EC) patients after groups were combined; (B) effect of the 
LODDS on the survival of EC patients at pN0 stage.
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established by DeLong et al. (15). ROC analyses showed 
that the AUC of LODDS stage (AUC =0.630, P=0.001) 
was larger than that of pN stage (AUC =0.621, P=0.003) in 
prediction of 3-year OS, the difference were not statistically 
significant (Figure 3A, Z=0.164, P=0.565). However, the 
AUC of LODDS stage (AUC =0.620, P=0.010) was smaller 
than that of pN stage (AUC =0.631, P=0.005) in prediction 
of 5-year OS, the differences were also not statistically 
significant (Figure 3B, Z=0.300, P=0.618).

Cut-off points of LODDS

Lastly, we determined the best cut-off point for the LODDS 
by using a step analysis with 0.1 LODDS intervals and 
comparing OS rates for all and node-negative patients. The 
5-year OS based on the different cutoff points for LODDS 
are shown in Table 3. In all patients, the distribution of the 
cut-points was irregular, so we could not define an optimal 
cut-off point. However, in node-negative patients, the result 

shows a cut-off point was −1.2 with statistically significant 
(Table 3, P=0.024), and the ROC analysis also indicated that 
a cut-off value of −1.2 for LODDS provided the highest 
sensitivity and specificity interestingly (Figure 3C).

Discussion

LN metastasis has be deemed to one of the most important 
factors in predicting the prognosis of ESCC patients 
following surgical resection (3), and the pN classification 
based on the number of involved LNs is still widely 
used. However, studies have showed that the number of 
LN metastasis is significantly influenced by the number 
of dissected LNs, so if the number of LNs detected is 
insufficient, the accuracy of the pN staging for prognostic 
assessment will be impacted and led to “stage migration” (5-8). 
Recently, the metastatic LN ratio (MLR) which was defined 
as the ratio of the metastatic LNs to the total dissected LNs 
was proposed to evaluate the prognosis of ESCC (16-18). 

Table 2 Univariate and multivariate analysis for OS

Patients
Univariate analysis Multivariate analysis

P value HR 95% CI P value

All patients

Gender (male, female) 0.168 – – –

Age (>60 years, ≤60 years) 0.213 – – –

Smoking (no, yes) 0.501 – – –

Tumor diameter (>3.5 cm, ≤3.5 cm) 0.014 0.681 0.473–0.979 0.038*

Tumor location (upper, middle, lower) 0.701 – – –

pT stage (T2, T3, T4) 0.001 1.243 1.049–1.472 0.012

pN stage (N0, N1, N2, N3) 0.000 1.094 0.873–1.372 0.436

LODDS (LODDS1, LODDS2, LODDS3, LODDS4) 0.000 1.309 1.095–1.563 0.003*

Node-negative patients

Gender (male, female) 0.278 – – –

Age (>60 years, ≤60 years ) 0.122 – – –

Smoking (no, yes) 0.167 – – –

Tumor diameter (>3.5 cm, ≤3.5 cm) 0.015 0.627 0.376–1.045 0.073

Tumor location (upper, middle, lower) 0.175 – – –

T stage (T2, T3, T4) 0.007 2.010 1.124–3.595 0.019*

LODDS (LODDS1+2, LODDS3+4) 0.024 1.610 1.026–2.526 0.038*

*, P values ≤0.05 were considered significant. OS, overall survival; LODDS, log odds of positive lymph nodes.
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Table 3 Five-year OS, based on the different cutoff points for LODDS

Cutoff value

All patients (n=260) Node-negative patients (n=155)

No. of patients
5-yr OS (%)  

> cutoff

5-yr OS (%)  

≤ cutoff
P values* No. of patients

5-yr OS (%)  

> cutoff

5-yr OS (%)  

≤ cutoff
P values*

≤−1.8 14 vs. 246 29.1 53.0 0.120 14 vs. 141 40.5 53.0 0.407

≤−1.7 33 vs. 227 26.8 52.9 0.017 33 vs. 122 38.3 52.9 0.255

≤−1.6 54 vs. 206 25.5 49.9 0.006 54 vs. 101 37.6 49.9 0.257

≤−1.5 64 vs. 196 25.5 47.3 0.008 64 vs. 91 38.3 47.3 0.380

≤−1.4 74 vs. 186 22.5 47.1 0.000 74 vs. 81 35.0 47.1 0.103

≤−1.3 111 vs. 149 19.5 46.1 0.000 109 vs. 46 30.0 47.3 0.053

≤−1.2 141 vs. 119 19.1 40.7 0.000 127 vs. 48 26.9 45.5 0.024

≤−1.0 135 vs. 20 21.0 37.0 0.005 135 vs. 20 31.6 43.5 0.195

≤−0.9 176 vs. 84 20.2 35.8 0.007 141 vs. 14 35.7 42.4 0.541

≤−0.7 200 vs. 60 15.0 35.1 0.000 145 vs. 10 40.0 41.7 0.459

≤−0.6 209 vs. 51 18.2 33.3 0.002 145 vs. 10 40.0 41.7 0.459

≤−0.5 224 vs. 36 21.6 31.6 0.022 151 vs. 4 75.0 40.4 0.466

*, P values ≤0.05 were considered significant. 5-yr, 5-year survival rate.

Figure 3 Comparison of receiver operating characteristic curves based on the log odds of positive lymph nodes (LODDS) and the number 
of positive lymph nodes (pN) (A) 3-years overall survival (OS); (B) 5-years OS; (C) ROC curve and cutoff point for LODDS in node-
negative patients.
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He et al. compared the use of pN stage and the MLR for 
determination of the prognosis of 353 patients with ESCC 
who were positive for LN metastasis following radical 
esophagectomy, and the results showed that a high MLR 
was independently and significantly associated with poor 
5-year OS (19). However, prognostic value of MLR remains 
controversial (20). In addition, the MLR0 stage is defined as 

no positive LN involved that is the same as the pN0 stage (21). 
LN negative patients account for a large proportion in the 
overall esophageal cancer patients, which means that many 
patients do not survive from the two stage method.

The LODDS are defined as the log of the ratio between 
the probability of being a positive LN and the probability 
of being a negative LN when one LN is dissected ,and 
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has been proposed to be recently a superior prognostic 
indicator (compare to the pN or MLR classification) in 
other cancer, such as gastric cancer (15,16), pancreatic 
cancer and colorectal cancer (18-20). In addition, LODDS 
are not affected by the number of LN negative or positive, 
therefore, LODDS seem to have more advantages in terms 
of predicting prognosis of patients without LN metastasis. 
Recently, the prognostic value of LODDS in ESCC has 
received increased attention. Wu et al. (22) examined 589 
patients who received radical surgery of ESCC, and used six 
multivariate models comparing the prognostic performance 
of different LN staging systems in determination of the OS, 
including all of the five LN classifications (pN, LNR, RLNS, 
NLNs, and LODDS). Their team found that the LODDS 
classification was a superior predictor to pN staging system. 
However, no consensus has been reached about the role of 
LODDS in the disease because of the limitations in sample 
size, evaluation criteria, and variety of cut-off values.

Our findings are consistent with above research partly. The 
results showed that LODDS were an independent association 
between LODDS and OS after surgical resection for ESCC. 
Invariably, a high LODDS were significantly associated 
with poor 5-year OS, which is observed in all patients. 
Due to the limited number of node negative patients, 
when divided into four groups, there may be zero packet. 
To avoid this situation, LODDS1 and 2 (−1.97.0 to −1.20)  
were combined, and LODDS3 and 4 (−1.20 to 0.95) were 
combined in subgroup analysis, and the results showed the 
effect did not change in 155 patients without LN metastasis. 
Meanwhile, the multivariate analysis showed that pT staging 
was also an independent risk factor associated with the 
prognosis of advanced ESCC. Therefore, pT and LODDS 
staging can be used as a comment predictor of OS of patients. 
However, further ROC analysis shows the differences of 
relevance of pN and the LODDS with 5- or 3-year OS 
were not statistically significant. The difference between our 
findings and previous studies may be due to differences in the 
patient selection criteria. For example, Wu’s study excluded 
patients with T4 stage ESCC, so the relevance of their 
findings to these patients is unclear.

Although LODDS are important in terms of prognosis, 
the optimal cut-off points have not yet been established. 
In our study, two methods were adopted to determine the 
optimal cut-off value for tumor size. In the first model, 
0.1 LODDS were set as the standard interval, and 12 cut-
off points were checked one by one. After evaluating the 
two groups by log-rank test, we identified the distribution 
of the cut-points was irregular in total patients regretfully, 

suggesting that there is no definite cut-point after which the 
survival difference gradually decreased. Thus, we could not 
define an optimal cut-off point for all patients. Fortunately, 
we were first to obtain a cut-off point with the highest Chi-
squared value from clinical data of node-negative patients. 
In the second method, as shown by the ROC curve, the 
cut-off point of −1.2 for LODDS could provide the best 
compromise between specificity and sensitivity.

However, our study had several potential limitations. 
It was a retrospective study in nature with a relatively 
small sample population, leaving some groups small in 
the statistical analyses. In addition, our data originated 
from a single institution but with different surgeons and 
pathologists. Furthermore, a standardized guideline and 
regimen for postoperative therapy was lacking during 
the period of this study. Because of this deficiency, we 
did not evaluate the potential survival benefit possibly 
related to adjuvant therapy. Further investigations should 
be performed involving a larger sample size, randomized 
prospective cohorts, and practical methods from multicenter 
institutions to determine the optimal cut-off point and 
confirm these preliminary results in the future.

In conclusion, our findings show that the LODDS 
system is a novel prognostic indicator for advanced ESCC 
patients, especially in node-negative cases. And we showed 
that the histologically determined −1.2 may be the optimal 
cut-off point for LODDS. It offers some helpful suggestions 
for pN0 stage patients risk classification, identifying 
patients at high risk who would be candidates for additional 
preoperative or postoperative therapy.
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