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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.' 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.>? 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.’ 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.® The recently reported optimal numbers of removed
LNs for esophageal squamous cell carcinoma (ESCC) vary
widely, with medians ranging from 6 to 30.”

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.® The prognostic role of
the LNR remains controversial, because some researchers ad-
vocate its superiority over the N stage,g’10
questioned the correlation between the LNR and survival rate
when all or no LNs exhibit metastasis.''"'* The LNR cannot
efficiently identify prognostic heterogeneity among patients.

The log odds of positive lymph nodes (LODDS)," 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.'®'"1*1® The cutoff points vary from dif-
ferent studies in different tumors, and it is difficult to reach

while others have

Conclusion: The novel LODDS stage demonstrated better prognostic performance
than the traditional N or LNR stages in ESCC patients. It can serve as an auxiliary
factor to improve prognostic performance and can be applied to evaluate the lymph

node status to increase the precision of staging and evaluation of survival.

a Chinese single-institution cohort, esophageal squamous cell carcinoma, log odds of positive
lymph nodes, prognosis, SEER database

an agreement because of the limited number of reports.”_lg

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



ZHANG ET AL.

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.”
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: NO, 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 (7).
The X-tile program (https://medicine.yale.edu/lab/rimm/
research/software.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.”’

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),
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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 2 score showed better
discriminatory ability and monotonicity of each model. The
higher the likelihood ratio ;{2 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.% 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
amedian 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.
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TABLE 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

Gl 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

Tl 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

NO 777 (67.9%) 499 (53.7%)

N1 268 (23.4%) 271 (29.1%)

N2 74 (6.5%) 110 (11.8%)

(Continues)

TABLE 1 (Continued)
No. of patients (percent)
SEER database  Our cohort
N3 25 (2.2%) 50 (5.4%)
LNR stage
LNRO 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
LODDSI1 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.

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=20.721 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 NO, 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 LNRO 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
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FIGURE 1 The distribution of LODDS (A) 6 SEER database (B) 67 SEER database
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FIGURE 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

(48.6%) cases were enrolled in the LODDS?2 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: NO (n = 499), N1 (n = 271), N2
(n = 110), and N3 (n = 50). LNR was classified as fol-
lows: LNRO (n = 499), LNR1 (n = 117), LNR2 (n = 169),
and LNR3 (n 145). The LODDS scheme was deter-
mined using the aforementioned interval values: LODDSI,

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.
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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
(» < 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 (NO
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 y%, likelihood ratio y?,
and AIC values were calculated (Table 4). We found that the
linear trend y* and likelihood ratio 4 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.”> 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.** Among the LN classi-
fications that have been proposed, the traditional and widely
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(Continued)

TABLE 3

Multivariable analysis 2 Multivariable analysis 3 Multivariable analysis 4

Multivariable analysis 1

Univariable analysis

P

HR (95% CI)

P

HR (95% CI)

P

HR (95% CI)

P

HR (95% CI)

P

HR (95% CI)

Characteristics

0.006

<0.001

<0.001

LODDS stage

Reference
1.420

Reference
1.580

Reference
1.687

LODDS1

LODDS2

(1.095-1.841)

2.506

(1.276-1.956)

3.159

(1.374-2.071)

3.460

LODDS3

(1.289-4.875)

(2.406-4.148)

(2.668—4.489)

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; LNR, lymph nodes ratio; LODDS, log odds of positive lymph nodes.

Bold indicates statistically significant values (p < 0.05).

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. '’

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,*% ratio between negative
and positive LNs (RNP),27 LNR,” and LODDS® are prom-
ising prognostic risk variables among several alternative
systems.™

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.®?! 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 0Ss.2®
Howeyver, the correlation between the LNR and survival rate
merits further investigation, particularly when all or no LNs
exhibit metastasis.**

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 However, its accu-
racy in ESCC has yet to be explored.n’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.'” 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
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No.of patients
Diagnosis between 2004 and 2009

Pvalue  HR (95%Cl)

1
0.004 1.381(1.110-1.717}

—_— 0.000 2.665 (2.045-3.474)

1
0.000 1.804 (1.331-2.447)

L 0.000 3.011(2.013-4.504)

1
0.000 1.578 (1.221-2.036)

0.000 2.721(1.976-3.748)

1
0.001 1.518 (1.187-1.942)

L 0.000 3.047 (2.251-4.124)

1
0.000 1.593 (1.260-2.013)

0.000 2.662 (1.962-3.612)

1
0.012  1.419(1.081-1.863)

L 0.000 3.017 (2.183-4.168)

1
0.001 1.485(1.175-1.878)

L 0.000 3.395 (2.531-4.552)

1
0.001  1.611(1.228-2.114)

0.000 2.387 (1.713-3.327)

1
0.023  1.394 (1.047-1.856)

0.000 2.639 (1.696-4.109)

1
0.000 1.636 (1.305-2.052)

—_—— 0.000 2.539 (1.996-3.368)

1
0.001 1.381(1.136-1.679)

1

0.303 1.538 (0.678-3.491)

0.042 2.338 (1.031-5.301)

1
0.002 1.628 (1.211-2.334)

LODDS1 183

LODDS2 320 ——

LODDS3 17

Diagnosis between 2010 and 2015

LODDS1 229

LODDS2 236 —
LODDS3 59

Age < 65 years

LODDS1 209

LODDS2 291 ——
LODDS3 84

Age 2 65 years

LODDS1 203

LODDS2 265 ——
LODDS3 92

G1+G2

LODDS1 267

LODDS2 313 ——
LODDS3 88 L
G3

LODDS1 145

LODDS2 243 —

LODDS3 88

Tumor size < 45mm

LODDS1 243

LODDS2 322 ——

LODDS3 92

Tumor size 2 45mm

LODDS1 169

LODDS2 234 —
LODDS3 84 L
T1+T2

LODDS1 198

LODDS2 238 ——

LODDS3 36 L
T3+T4a

LODDS1 214

LODDS2 318 ——
LODDS3 140

NO

LODDS1 403

LODDS2 374 ——

N+

LODDS1 9

LODDS2 182 L

LODDS3 176 L
Removed lymph nodes < 16

LODDS1 105

LODDS2 439 —_—
LODDS3 140

Removed lymph nodes 2 16

LODDS1 307

LODDS2 117 —
LODDS3 36

0.000 2.976 (2.080-4.258)

0.000 1.699 (1.288-2.242)

L 0.000 4.255 (2.846-6.362)

T T T T T T d

35
The estimates

FIGURE 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

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
LODDSI1 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. > 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 ;(2 score and
likelihood ratio y* score with the LODDS stage versus the



ZHANG ET AL.

No.of patients
Diagnosis between 2004 and 2009

.. 6161
Cancer Medicine _ “WI LEYJ—

P value HR (95%Cl)

1
0.001 1.617 (1.203-2.173)
0.000  3.097 (2.175-4.411)

1
0.000 1.697 (1.275-2.260)
0.000  3.599 (2.424-5.343)

1
0.000  1.626 (1.242-2.130)
0.000 3.572(2.561-4.982)

1
0.000  1.774 (1.292-2.435)
0.000  3.412(2.243-5.189)

1
0.000  1.808 (1.436-2.277)
0.000  4.011(2.990-5.379)

.
0343 1.243(0.793-1.948)
0016  2.001 (1.138-3.521)

4
0.006  1.434 (1.110-1.852)
0.000  3.405 (2.444-4.744)

1
0.000  2.167 (1.532-3.067)
0.000  3.431(2.240-5.255)

1
0.037  1.510 (1.024-2.226)
0.007  2.367 (1.260-4.448)

1
0.000 1.739 (1.365-2.215)

0.000  3.480 (2.595-4.667)

i
0.007  1.417 (1.102-1.824)

1

0.678 1.515(0.212-10.816)

LODDS1 122

LODDS2 255 —i—

LODDS3 76 ——
Diagnosis between 2010 and 2015

LODDS1 172

LODDS2 257 ——

LODDS3 48 —
Age < 65 years

LODDS1 181

LODDS2 314 il

LODDS3 81 ——
Age 2 65 years

LODDS1 113

LODDS2 198 ——

LODDS3 43 ——
G1+G2

LODDS1 246

LODDS2 404 il

LODDS3 95 ——
G3

LODDS1 48

LODDS2 108 i

LODDS3 29 ——

Tumor size < 45mm

LODDS1 199

LODDS2 323 il

LODDS3 72 ——
Tumor size 2 45mm

LODDS1 95

LODDS2 189 ——

LODDS3 52 —
T1+T2

LODDS1 102

LODDS2 154 i

LODDS3 22 —
T3+T4a

LODDS1 192

LODDS2 358 i

LODDS3 102 ——
NO

LODDS1 292

LODDS2 207 -

N+

LODDS1 2

LODDS2 305 —i

LODDS3 124 L

Removed lymph nodes < 16

LODDS1 35

LODDS2 294 ——

LODDS3 80 —
Removed lymph nodes 2 16

LODDS1 259

LODDS2 218 il

LODDS3 44 —

0.312 2.762 (0.385-19.807)

1
0.043  1.721(1.016-2.915)
0.000  3.030 (1.724-5.325)

1
0.000 1.701 (1.324-2.185)
0.000 4.724 (3.277-6.809)

10 "
The estimates

FIGURE 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

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.
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TABLE 4 Prognostic ability and accuracy of different lymph node staging system

Our cohort

SEER database

Likelihood
ratio >
68.61

Linear

Likelihood
ratio >

Linear

C-index

AIC

trend ;f

49.58

C-index

AIC

trend )(2

50.53

Subgroups

Classification

0.647
0.649

0.658

6920.40
6910.79
6907.01

0.659

8724.66
8719.17
8717.29

77.37

NO, N1, N2, and N3

N Stage

59.89 78.22

59.94

0.664
0.671

82.87

56.49
80.65

LNRO, LNR1, LNR2, and LNR3

LNR Stage

82.01

84.75

LODDSI1, LODDS2, and LODDS3

LODDS Stage

ZHANG ET AL.

Abbreviations: AIC, Akaike information criterion; C-index, concordance index; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.

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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