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Abstract
Background: The purpose of this study was to assess the prognostic performance of 
the log odds of positive lymph nodes (LODDS) value compared with the pathologi-
cal N stage and lymph node ratio (LNR) in patients with esophageal squamous cell 
carcinoma (ESCC).
Method: In total 1144 patients diagnosed with ESCC from the Surveillance, 
Epidemiology, and End Results (SEER) database and 930 patients from our valida-
tion cohort were eligible. Kaplan– Meier plotter and multivariate Cox proportional 
hazards models were conducted to investigate the prognostic value of the N stage, 
LNR stage, and LODDS stage. The homogeneity, discriminatory ability, and mono-
tonicity of these variables were evaluated using the linear trend χ2 test, likelihood 
ratio χ2 test, Akaike information criterion (AIC), and consistency index (C- index) to 
determine the potential superiorities.
Results: The prognostic LODDS cutoff values were determined to be −1.49 and 
−0.55 (p  <  0.001). Univariate analyses showed significant association among the 
N, LNR, and LODDS stages and overall survival of the patients (all p  <  0.001). 
Multivariate analyses confirmed that the LODDS stage remained an independent 
prognostic indicator in both the SEER database and our validation cohort. Subgroup 
analyses identified the ability of LODDS stage to distinguish heterogeneous patients 
within various groups in both independent databases. Furthermore, the model with the 
highest C- index and smallest AIC value was the one incorporating the LODDS stage 
among the three investigated nodal classifications of both cohorts.
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1 |  INTRODUCTION

Esophageal cancer is a common malignant tumor of the gas-
trointestinal tract, and surgical resection remains the mainstay 
treatment for patients diagnosed with resectable esophageal 
cancer.1 However, with the continuous improvement of surgi-
cal techniques and application of multidisciplinary compre-
hensive treatment therapies, the overall 5- year survival rate 
remains very low.2,3 Lymph node metastasis (LNM) has been 
proven to be an important prognostic factor in esophageal 
cancer patients.4 Therefore, to achieve a better prognosis, a 
precise lymph node (LN) staging system should be developed 
to optimize postoperative treatment and follow- up.

In 2017, the eighth edition tumor– node– metastasis (TNM) 
staging system by the International Union Against Cancer 
(UICC)/American Joint Committee on Cancer (AJCC) pro-
posed an updated pathologic N stage on the basis of the 
number of positive LNs.5 However, the absolute number of 
positive LNs is restricted by the total number of removed 
LNs, and insufficient removed LNs may lead to stage mi-
gration.6 The recently reported optimal numbers of removed 
LNs for esophageal squamous cell carcinoma (ESCC) vary 
widely, with medians ranging from 6 to 30.7

Thus, multiple studies have made efforts to address this 
problem and proposed many auxiliary measurements to aid 
the TNM staging system. The lymph node ratio (LNR), re-
ferring to the ratio of the number of metastatic LNs to the 
total number of removed LNs, can more accurately reflect 
the degree of tumor burden from the perspective of definition 
and somehow reduce stage migration.8 The prognostic role of 
the LNR remains controversial, because some researchers ad-
vocate its superiority over the N stage,9,10 while others have 
questioned the correlation between the LNR and survival rate 
when all or no LNs exhibit metastasis.11,12 The LNR cannot 
efficiently identify prognostic heterogeneity among patients.

The log odds of positive lymph nodes (LODDS),13 de-
fined as the logarithm of the ratio between the number of 
metastatic LNs and number of negative lymph nodes (NLNs), 
has been proven to be a predictive power of prognosis and 
has shown superiority to other LN status- based assessments 
in various cancers.10,11,14– 16 The cutoff points vary from dif-
ferent studies in different tumors, and it is difficult to reach 

an agreement because of the limited number of reports.17– 19 
However, little clinical evidence exists regarding the prog-
nostic impact of the LODDS on ESCC prognosis and the 
comprehensive regimen to incorporate multiple clinical fac-
tors for prognostication.

Therefore, this study was aimed to elucidate the value of 
the LODDS classification in predicting the long- term survival 
of ESCC patients using the population- based Surveillance, 
Epidemiology, and End Results (SEER) database and to fur-
ther validate this finding in a single Chinese institution.

2 |  MATERIALS AND METHODS

2.1 | Data source and patients

This was a retrospective analysis involving two different 
databases to compare the ability of three LN classifications 
to predict survival. The clinical and pathological data of pa-
tients with ESCC from 2004 to 2015 were obtained from 
the open- access SEER database, a large population- based 
cancer database that collects cancer incidence data from 18 
cancer registries. The selection criteria for screening patients 
were as follows: (1) histological type confirmed as primary 
ESCC; (2) aged older than 18  years; (3) underwent an es-
ophagectomy; (4) dissection of at least two LNs; and (5) ac-
tive follow- up information. Patients who met the following 
criteria were excluded: (1) adoption of neoadjuvant therapy 
before surgery; (2) distant metastasis; (3) history of prior ma-
lignancy; or (4) incomplete clinical pathology data. Approval 
for this study from the Institutional Review Board was ex-
empt because SEER is a publicly available database.

Another independent single- institution Chinese co-
hort from Tianjin Medical University Cancer Institute and 
Hospital comprising 930 patients who underwent an Ivor 
Lewis or Meckown transthoracic esophagectomy with LN 
dissection for ESCC between 2004 and June 2015 was devel-
oped using the same inclusion and exclusion criteria, and was 
used as the validation dataset.

We retrieved the baseline and clinical characteristics, in-
cluding patient demographics (age, gender, and race), tumor 
characteristics (tumor location and tumor size), pathological 
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characteristics (histological type, total number of removed 
LNs, T stage, and N stage), and follow- up information. 
Notably, the baseline characteristics of the two groups were 
not identical, as our cohort dataset lacks the data of race, but 
contains additional information about smoking history and 
body mass index (BMI) compared with the SEER dataset.20 
The Ethical Committee and Institutional Review Board of 
Tianjin Medical University Cancer Institute and Hospital 
granted ethical approvals.

We defined overall survival (OS) as the time interval from 
the date of diagnosis to the last follow- up time or death due to 
any cause for survival analysis.

2.2 | LN classification definition

Based on the eighth edition of the TNM staging system, the 
N category was classified based on the number of metastatic 
LNs: N0, no metastasis; N1, 1– 2 LNs; N2, 3– 6 LNs; and N3, 
≥7 LNs. The LNR interval was defined as the metastatic 
LNs counts divided by the total number of removed LNs. 
The LODDS value was calculated using the formula log 
[(pN + 0.5)/(nN + 0.5)], where pN is the number of positive 
LNs and nN is the number of NLNs removed.

2.3 | Statistical analysis

All statistical analyses and plotting graphics were performed 
using SPSS 26.0 software (IBM Corp) and the R 4.0.2 (R 
Foundation for Statistical Computing) statistical package. 
For all statistical analyses, p < 0.05 was identified as statisti-
cally significant.

The descriptive statistics were presented as the median 
[interquartile range (IQR)] for continuous variables that met 
the normal distribution, whereas counts and percentages 
were presented for categorical variables. The correlations 
among the LNM, LNR, and LODDS were visualized by scat-
ter plots, and the degree of linear relationships on the scatter 
plots was evaluated by Spearman's correlation analysis (r). 
The X- tile program (https://medic ine.yale.edu/lab/rimm/
resea rch/softw are.aspx), a better way to access the prognostic 
value of continuity indexes, was employed to determine the 
optimal cutoff points for the LNR and LODDS stages based 
on minimal probability (P) values.21

The OS curves of patients were depicted by Kaplan– 
Meier survival analysis, and the log- rank test was used to 
elucidate the differences between groups. Univariate analysis 
was first performed to identify potential prognostic factors 
among candidate variables. The statistically significant vari-
ables were then integrated into the multivariate Cox regres-
sion analysis to obtain independent prognostic risk factors. 
Second, we separately incorporated the N stage (Model 1), 

LNR stage (Model 2), and LODDS stage (Model 3) to estab-
lish three predictive Cox regression models. Third, the above 
three stages were integrated with other potential predictors 
to create the fourth Cox regression model (Model 4). Hazard 
ratios (HRs) and 95% confidence intervals (CIs) were calcu-
lated. Nomograms were constructed to provide a visualized 
risk prediction method based on the risk factors verified by 
multivariate analyses using the survival and rms packages of 
R software.

The prognostic performance of the aforementioned 
different LN models was compared in terms of multiple 
dimensions, including monotonicity, homogeneity, and dis-
crimination. A higher linear trend χ2 score showed better 
discriminatory ability and monotonicity of each model. The 
higher the likelihood ratio χ2 score, the better the homogene-
ity for each model. Furthermore, the goodness of fit for each 
model was evaluated by the Akaike information criterion 
(AIC). A lower AIC often indicated a better model fit.

Harrell's concordance index (C- index) was calculated to 
assess the predictive capacity and fit of these aforementioned 
predictive models with values ranging from 0.5 to 1. Previous 
studies have suggested that a C- index ranging from 0.50– 0.70 
indicates a low degree of distinction, a moderate degree of 
distinction between the interval 0.70 and 0.90, and a high 
degree of distinction higher than 0.90.22 Stratification anal-
yses visualized by tree diagrams were used to evaluate the 
performance of the LODDS classification in distinguishing 
heterogeneous patients within various groups according to 
the results of the multivariate analyses.

3 |  RESULTS

3.1 | Clinical and pathological 
characteristics of the patients

After selection, 1144 patients from the US SEER database 
and 930 patients from the Chinese cohort met the eligibility 
criteria and were included in this study. The detailed patient 
information of the two cohorts is presented in Table 1. The 
enrolled patients comprised 711 males and 433 females with 
a median age of 65 (IQR, 58, 72) years in the SEER cohort. In 
our validation cohort, there were 770 males and 160 females 
with a median age of 61 (IQR, 55, 68) years. Additionally, 
684 (59.8%) and 409 (44.0%) patients had fewer than 16 LNs 
removed in the SEER cohort and our validation cohort, re-
spectively. Regarding patients with more than 16  removed 
LNs, 460 (40.2%) and 521 (56.0%) cases were in the two 
datasets, respectively.

In the SEER cohort, the median follow- up time was 
32 months and the 5- year OS rate was 37.2%. Moreover, the 
median follow- up time was 49.1  months with a 5- year OS 
rate of 45.1% in our validation cohort.

https://medicine.yale.edu/lab/rimm/research/software.aspx
https://medicine.yale.edu/lab/rimm/research/software.aspx


6152 |   ZHANG et Al.

3.2 | Distribution of LNM, 
LNR, and LODDS

We created scatter plots to comprehensively and reasonably 
assess the correlations among the three different LN clas-
sifications. As depicted in Figure 1, the LODDS values in-
creased with increases in the number of metastatic LNs and 
the LNR. However, the coefficient of correlation between 
LODDS and the LNR was higher than that between LODDS 
and the number of metastatic LNs in the SEER database 
(r = 0.721 vs. r = 0.690) and our validation cohort (r = 0.884 
vs. r = 0.846), implying that the correlation between LODDS 
and the LNR was more prominent.

3.3 | Identification of the cutoff values and 
characteristics of nodal classification

The N stage was classified as follows: in the SEER data-
base, 777 (67.9%) cases were N0, 268 (23.4%) cases were 
N1, 74 (6.5%) cases were N2, and 25 (2.2%) cases were N3. 
Consistent with the X- tile analysis of the SEER cohort, the op-
timal cutoff points for the LNR were 0.06 and 0.16. The distri-
bution was as follows: 777 (67.9%) cases in the LNR0 group 
(LNR = 0), 85 (7.4%) cases in the LNR1 group (LNR < 0.06), 
115 (10.1%) cases in the LNR2  group (LNR, 0.06– 0.16), 
and 167 (14.6%) cases in the LNR3 group (LNR, 0.16– 1). 
The cases were separated into three groups according to the 
LODDS cutoffs based on X- tile software: 412 (36.0%) cases 
were enrolled in the LODDS1 group (LODDS < −1.49), 556 

T A B L E  1  Clinical and pathological characteristics of patients with 
ESCC in SEER database and our cohort

No. of patients (percent)

SEER database Our cohort

Year of diagnosis (year)

2004– 2009 620 (54.2%) 453 (48.7%)

2010– 2015 524 (45.8%) 477 (51.3%)

Age (year)

Median (IQR) 65 (58, 72) 61 (55, 68)

<65 584 (51.0%) 576 (61.9%)

≥65 560 (49.0%) 354 (38.1%)

Gender

Male 711 (62.2%) 770 (82.8%)

Female 433 (37.8%) 160 (17.2%)

Race

White 186 (16.3%) NA

Black 821 (71.8%) NA

Others 137 (12.0%) NA

Smoking history

None NA 298 (32.0%)

Yes NA 632 (68.0%)

Tumor location

Upper 90 (7.9%) 60 (6.5%)

Middle 515 (45.0%) 555 (59.7%)

Lower 539 (47.1%) 315 (33.9%)

Histological type

G1 86 (7.5%) 39 (4.2%)

G2 582 (50.9%) 706 (75.9%)

G3 476 (41.6%) 185 (19.9%)

Tumor size (mm)

Median (IQR) 40.5 (27, 70) 40 (30, 50)

<45 657 (57.4%) 594 (63.9%)

≥45 487 (42.6%) 336 (36.1%)

BMI

1 NA 494 (53.1%)

2 NA 373 (40.1%)

3 NA 63 (6.8%)

T stage

T1 257 (22.5%) 79 (8.5%)

T2 215 (18.8%) 199 (21.4%)

T3 603 (52.7%) 377 (40.5%)

T4a 69 (6.0%) 275 (29.6%)

N stage

N0 777 (67.9%) 499 (53.7%)

N1 268 (23.4%) 271 (29.1%)

N2 74 (6.5%) 110 (11.8%)

(Continues)

No. of patients (percent)

SEER database Our cohort

N3 25 (2.2%) 50 (5.4%)

LNR stage

LNR0 777 (67.9%) 499 (53.7%)

LNR1 85 (7.4%) 117 (12.6%)

LNR2 115 (10.1%) 169 (18.2%)

LNR3 167 (14.6%) 145 (15.6%)

LODDS stage

LODDS1 412 (36.0%) 294 (31.6%)

LODDS2 556 (48.6%) 512 (55.1%)

LODDS3 176 (15.4%) 124 (13.3%)

Removed lymph nodes

<16 684 (59.8%) 409 (44.0%)

≥16 460 (40.2%) 521 (56.0%)

Abbreviations: BMI, body mass index; ESCC, esophageal squamous cell 
carcinoma; IQR, interquartile range; LNR, lymph nodes ratio; LODDS, log odds 
of positive lymph nodes; SEER, Surveillance, Epidemiology, and End Results 
database.

T A B L E  1  (Continued)
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(48.6%) cases were enrolled in the LODDS2 group (LODDS, 
−1.49 to −0.55), and 176 (15.4%) cases were enrolled in the 
LODDS3 group (LODDS > −0.55).

Correspondingly, in our validation cohort, the N stage 
was classified as follows: N0 (n = 499), N1 (n = 271), N2 
(n  =  110), and N3 (n  =  50). LNR was classified as fol-
lows: LNR0 (n = 499), LNR1 (n = 117), LNR2 (n = 169), 
and LNR3 (n  =  145). The LODDS scheme was deter-
mined using the aforementioned interval values: LODDS1, 

294 (31.6%); LODDS2, 512 (55.1%); and LODDS3, 124 
(13.3%).

The Kaplan– Meier survival curves for the two cohorts 
stratified by all three variables are presented in Figure 2. The 
differences in survival between subgroups for the N stage, 
LNR stage, and LODDS stage were statistically significant 
(all p < 0.001, Figure 2A– C) in the SEER cohort. Identical 
results were also obtained (all p < 0.001, Figure 2D– F) for 
our validation cohort.

F I G U R E  1  The distribution of LODDS 
and LNM (A, r = 0.690), LODDS and 
LNR (B, r = 0.721) in the SEER database; 
LODDS and LNM (A, r = 0.846), LODDS 
and LNR (B, r = 0.884) in our validation 
cohort (Spearman's rank test). LODDS, log 
odds of positive lymph nodes; LNR, lymph 
node ratio; LNM, number of lymph node 
metastases

F I G U R E  2  Kaplan– Meier curves for the 5- year OS stratified by N stage (A), LNR stage (B), and LODDS stage (C) for the SEER database and 
by N stage (D), LNR stage (E), and LODDS stage (F) for our validation cohort
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3.4 | Univariate and multivariate 
survival analyses

Table 2 summarizes the detailed results of the univariate and 
multivariate analyses of the SEER database. All the factors, 
including the year of diagnosis, age, gender, race, tumor lo-
cation, histological type, tumor size, T stage, N stage, LNR 
stage, and LODDS stage, were significantly associated with 
OS in the univariate survival analyses. Then, these risk fac-
tors, except for LN- associated variables were used to estab-
lish a model as a basis for the next four- step multivariate 
analysis. Subsequently, N stage was embedded into the first 
step of multivariate analysis. The results indicated that the 
involved variables (p  <  0.05 for all) were all independent 
risk factors. After that, the LNR instead of N stage was 
incorporated into this model to conduct the second multi-
variate analysis and was also confirmed to be significant 
(p < 0.001). In the third multivariate analysis, the LODDS 
was incorporated, and the results were similar to those of the 
second multivariate analysis: the LODDS was confirmed to 
be significant with other variables. Prognostic nomograms 
based on the N stage, LNR stage, and LODDS stage were 
developed from the three final models (Figure S1). In the last 
step, the three LN categories were all added into the model 
of step 4 multivariate analysis to see the difference. Notably, 
N and LNR were found to be inferior to LODDS and became 
statistically nonsignificant themselves (p = 0.659 and 0.656, 
respectively).

The results of the survival analyses of the Chinese val-
idation cohort are presented in Table  3. In the univariate 
analyses, the year of diagnosis, age, smoking history, his-
tological type, tumor size, T stage, N stage, LNR stage, and 
LODDS stage were statistically significant (p < 0.05). The 
results of the N- , LNR- , and LODDS- based Cox multivar-
iate analyses were assessed in accordance with the above-
mentioned steps for the SEER database. N stage, LNR stage, 
and LODDS stage combined with the year of diagnosis, age, 
tumor size, and T stage were independent prognostic factors 
in the first, second, and third multivariate analyses. The cor-
responding prognostic nomograms of the three models are 
shown in Figure S2. Finally, the fourth multivariate analy-
sis incorporated all three LN classifications. In accordance 
with the results of the SEER database, the LODDS stage was 
still an independent prognostic predictor, while the N stage 
and LNR stage were nonsignificant (p = 0.309 and 0.359, 
respectively).

3.5 | Subgroup analyses stratified by 
different characteristics

To explore the performance of the LODDS classification 
in predicting the OS of patients, we conducted subgroup 

analyses stratified by different characteristics in a multivari-
ate Cox regression model based on the data retrieved from 
the two cohorts. As presented in Figure 3, the LODDS clas-
sification remained a prognostic predictor in ESCC patients 
regardless of the year of diagnosis (between 2004 and 2009 
or between 2010 and 2015), age (<65 years or ≥65 years), 
histological type (G1 + G2 or G3), tumor size (<45 mm or 
≥45 mm), T stage (T1 + T2 or T3 + T4a), LNM status (N0 
or N+), and number of removed LNs (<16 or ≥16) in the 
SEER database. Similar results were observed in the analysis 
of our Chinese validation dataset. However, LODDS could 
not stratify LN- positive patients with a significant difference 
(Figure 4).

3.6 | Comparison of the discriminative 
ability of prognostic prediction models 
containing different LN classifications

To further evaluate the predictive capacity and accuracy of 
these node- based models, linear trend χ2, likelihood ratio χ2, 
and AIC values were calculated (Table 4). We found that the 
linear trend χ2 and likelihood ratio χ2 values of the LODDS 
stage were higher than those of the N stage and LNR stage 
in both cohorts. The AIC values were 8724.66, 8719.17, and 
8717.29 for the N, LNR, and LODDS stages, respectively, in 
the SEER database. Regarding the validation cohort, the AIC 
values were 6920.40, 6910.79, and 6907.01 for the N, LNR, 
and LODDS stages, respectively.

Furthermore, the C- indexes for predicting OS among 
the N- , LNR- , and LODDS- based nomograms were 0.659, 
0.664, and 0.671, respectively, in the SEER dataset. For the 
validation cohort, the C- indexes were 0.647 (N stage), 0.649 
(LNR stage), and 0.658 (LODDS stage).

4 |  DISCUSSION

In our study, retrospective statistics of the SEER database 
showed that the LODDS stage was a robust risk factor for 
prognostic prediction, and this finding was then confirmed 
in our Chinese validation dataset. The developed Cox regres-
sion model identified the LODDS stage as a useful index su-
perior to traditional N stage and LNR stage in predicting the 
OS of ESCC patients after curative operation.

Esophageal cancer is a particularly aggressive gastrointes-
tinal malignancy, and its incidence and LNM rates are higher 
than those of other digestive cancers.23 The LNM status of 
ESCC patients is recognized as one of the critical determi-
nants of prognosis after surgical treatment and is crucial for 
accurate staging; this system may prevent stage migration 
and allow individualized treatment.24 Among the LN classi-
fications that have been proposed, the traditional and widely 
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used eighth edition N staging system is not sufficient to com-
prehensively assess the LNM status because the number of 
negative and removed LNs, a critical factor to estimate prog-
nosis, are not considered.10

Considering this situation, several studies have adopted 
novel LN classification systems combined with the number 
of removed LNs to assess ESCC prognosis. To the best of our 
knowledge, the number of NLNs,25,26 ratio between negative 
and positive LNs (RNP),27 LNR,28 and LODDS29 are prom-
ising prognostic risk variables among several alternative 
systems.30

The LNR has shown superiority over the N stage in re-
flecting the degree of LNM and predicting patient survival 
according to some previous studies.8,31 A previous survival 
analysis of 387 ESCC patients from a single- center cohort 
found that the LNR classification and the proposed tumor– 
ratio– metastasis (TRM) stage showed superiority to the 
conventional N stage and TNM stage in predicting OS.28 
However, the correlation between the LNR and survival rate 
merits further investigation, particularly when all or no LNs 
exhibit metastasis.32

To date, the LODDS value has been proposed as a novel 
prognostic indicator that is more accurate than existing in-
dexes in patients with various cancers.33,34 However, its accu-
racy in ESCC has yet to be explored.13,15 The LODDS stage 
system has potential superiority because it considers both the 
information of the involved nodes and the NLNs. The singu-
larity due to null observations is avoided by adding 0.5 to the 
numerator and denominator.

Given its reflection on both the number of negative and 
positive LNs situation, the LODDS classification was re-
vealed to have prognostic value in esophageal cancer and 
demonstrated to have better performance than the number of 
positive LNs and LNR in a study of 1667 ESCC patients with 
pT3 stage.15 Considering this enlightening finding, we would 
like to investigate the prognostic performance of the LODDS 
stage compared with that of other node schemes and further 
validate the results in a large cohort, providing evidence to 
describe the LODDS stage as a sensitive staging system. This 
was the first study based on a large number of ESCC pa-
tients to assess LODDS stage using X- tile software for cutoff 
optimization. Furthermore, we also used a Chinese single- 
institution cohort to verify whether the determined LODDS 
classification remained significant in predicting prognosis, 
and the results were positive.

The prognostic power of different LN stages was con-
firmed in the univariate analyses of the SEER database anal-
ysis. The 5- year OS rates decreased markedly with increasing 
LNR and LODDS subgroup values. Multistep multivariate 
analyses demonstrated that either the N, LNR, or LODDS 
was an independent prognostic risk factor. However, when 
all three variables were introduced into one model as covari-
ates, the LODDS stage remained statistically significant, but C
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not the N stage or LNR stage. Additionally, this phenomenon 
was observed in our validation cohort, suggesting that the 
prognostic performance of the LODDS was superior to that 
of both the N and LNR.

Furthermore, patients in the LODDS2 or LODDS3 sub-
groups had poorer outcomes compared with those in the 
LODDS1 subgroup when stratified by the time of diagnosis, 
suggesting that the time of diagnosis had little effect on the 

prognosis of the LODDS stage in ESCC. To date, it is widely 
accepted that a minimum of 16 retrieved LNs are required 
for adequate evaluation of the LN status.35 According to our 
further results, regardless of the total number of removed 
LNs, the LODDS stage manifested marked superiority, par-
ticularly when the number of retrieved LNs was insufficient.

The clear tendency of a higher linear trend χ2 score and 
likelihood ratio χ2 score with the LODDS stage versus the 

F I G U R E  3  Forest plot depicting subgroup analysis results of the multivariate Cox regression model stratified by various risk factors for the 
5- year survival of the SEER database



   | 6161ZHANG et Al.

other stages was observed in both the SEER and valida-
tion cohorts, revealing that the LODDS classification is 
a better predictor in prognostic prediction. Furthermore, 
the model incorporating the stratified LODDS stage had 
the highest C- index and smallest AIC value among the 
three investigated nodal staging systems, implying that 
the LODDS stage had better discrimination ability and 
accuracy than the other stages in predicting survival and 

might be an optimal prognosis stratification system. The 
results of the validation cohort analysis were identical to 
those of the discovery cohort analysis. Interestingly, the 
results of subgroup analyses stratified by different char-
acteristics in the SEER database and our cohort database 
indicated that the LODDS stage had an advantage in terms 
of its ability to distinguish heterogeneous patients within 
various groups.

F I G U R E  4  Forest plot depicting subgroup analysis results of the multivariate Cox regression model stratified by various risk factors for the 
5- year survival of our validation cohort
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In the current study, we also tried to construct nomo-
grams using the N stage, LNR stage, and LODDS stage. The 
LODDS- based nomograms achieved a C- index of 0.671, 
which was higher than that for the N-  and LNR- based nomo-
grams. The results were also validated in our cohort, indicat-
ing that the LODDS stage had a better performance than the 
N and LNR stages.

Despite our valuable findings, this study has several lim-
itations that merit mentioning. First, as a retrospective study 
based on the SEER database and a Chinese single- institution 
cohort, the clinical and pathological features may vary with 
different registries or hospitals, and the variables enrolled 
in the two cohorts were not completely consistent. Second, 
the SEER database has an inevitable inherent bias and was 
unavailable for the surgical approach, margin status, radio-
therapy, chemotherapy, and some other information, which 
may contribute to misleading results. Third, the C- index of 
the nomogram was good but it had not yet reached a high 
degree of distinction. The large number of patients in the 
population- based database may compensate for the draw-
backs resulting from the lack of information. Further studies 
based on multicenter or large populations with longer fol-
low- up times are needed to externally validate our findings 
more convincingly.

In conclusion, the prognostic role of LODDS and the su-
periority of LODDS in predicting survival compared with ei-
ther the traditional N stage or LNR were confirmed in ESCC 
patients undergoing surgical resection. LODDS can serve 
as a candidate indicator to provide prognostic guidance for 
ESCC patients.
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