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Abstract
Background: The tumor-node-metastasis (TNM) pN stage, which is based on the number of positive lymph
nodes (LNs), is an important prognostic factor for patients with adenocarcinoma of the esophagogastric
junction (AEG). The lymph node ratio (LNR) and log odds of metastatic lymph nodes (LODDS) staging
systems are new effective indicators of prognosis. We aimed to evaluate their prognostic value in Siewert
type II AEG.
Methods: Patients diagnosed with Siewert type II AEG who underwent curative resection between 2004 and
2014 at Guangdong General Hospital were recruited. A Cox regression model was constructed, and
prognostic performance was measured using Harrell’s concordance index (C-index) and the Akaike
information criterion (AIC).
Results: When LN status was modeled as a continuous variable, the LODDS system (C-index: 0.729; AIC:
940.483) outperformed the other staging systems, including the number of positive LNs (LNP) (C-index:
0.721; AIC: 946.935) and LNR (C-index: 0.725; AIC: 938.918).However,when assessed as categorical
variables, the LNR staging system had a better prognostic performance (C-index: 0.752; AIC: 926.350) than
the American Joint Committee on Cancer (AJCC) 8th edition TNM pN (C-index: 0.740; AIC: 934.349) and
LODDS (C-index: 0.737; AIC: 939.087) staging systems. Each LNR stage is more evenly distributed than the
other two staging systems. Moreover, the LODDS stage is more dependent on the TLNE.
Conclusion: The LNR represented the best prognostic factor when assessed as a categorical variable and
may serve as an alternative nodal staging system for AEG.

Introduction
There has been an increasing incidence of adenocarcinoma of the esophagogastric junction (AEG)
worldwide over the past several decades[1–3]. AEGs are defined as tumors that have centers located within
5 cm proximal and distal to the anatomical cardia and are divided into three distinct tumor entities (types IIII)[4]. As with other high-risk gastrointestinal cancers, the number of lymph node (LN) metastases is an
important prognostic indicator for AEG[5]. In 2016, the American Joint Committee on Cancer (AJCC) released
the 8th edition of the tumor-node-metastasis (TNM) classification, in which Siewert type II AEG was staged
as esophageal carcinoma[6]. However, it has been reported that the current TNM pN staging system can be
influenced by the total number of LNs examined (TNLE) and might cause stage migration[7, 8]. To provide a
more accurate LN staging system, other indicators have been proposed.
The lymph node ratio (LNR) is the ratio of positive LNs to TNLE. It represents the “probability” of LN
metastasis. Two positive LNs over four examined is equal to 4/8, 5/10, etc.[9] and has the ability to avoid
the stage migration phenomenon[10]. Several authors have proposed that the LNR system is an independent
prognostic factor and has better prognostic value than the TNM pN stage in patients with resected gastric
cancer[11, 12]. The log odds of metastatic lymph nodes (LODDS) is the natural logarithm derived from the
ratio of positive LNs + 0.5/negative LNs + 0.5[13]. Compared with the LNR systems in pN0 disease, the
LODDS score is more sensitive to TNLE. The superiority of the LODDS score as a prognostic predictor has
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been validated in patients with various malignancies, including gastric cancer[11], esophageal cancer[14],
breast cancer[15], colorectal cancer[16] and others. However, some studies did not note any superiority of the
LODDS score over the TNM pN stage or LNR[17, 18].
Until now, data on the role of the LNR and LODDS score in the prediction of overall survival (OS) for AEG
have been limited. In the present study, we aimed to compare the prognostic performance of the three LN
staging systems in Siewert II AEG patients undergoing curative resection.

Patients And Methods
We identified patients undergoing curative resection for Siewert II AEG from 2004 to 2014 at Guangdong
General Hospital. Patients who underwent palliative surgery, with stage IV disease according to the
AJCC/UICC classification[19], or who underwent neoadjuvant therapies were excluded. The
lymphadenectomy strategy was determined using the recommendations of the Japanese Research Society
for Gastric Carcinoma[20]. The final dataset included 157 patients. Patients were classified with the three LN
staging systems (TNM pN, LNR and LODDS) based on pathological results. The TNM pN stage was defined
according to the 8th edition of the UICC/AJCC TNM staging system as follows: N0, negative; N1, 1–2
positive LNs; N2, 3–6 positive LNs; and N3, > 6 positive LNs. The LNR was defined as the ratio between the
number of metastatic lymph nodes and the TNLE. After reviewing the literature on AEG, we chose the LNR
classification system with interval values of 0, 0–0.3, 0.3–0.6, and 0.6–1[21]. The LODDS score was
classified according to the method described by Chen et al.[22] as follows: LODDS1 (-2.11 ≤ LODDS1 ≤-1),
LODDS2 (-1 < LODDS2 ≤ -0.5), LODDS3 (-0.5 < LODDS3 ≤ 0) and LODDS4 (0 < LODDS4 ≤ 1.61).
OS was calculated on the basis of the Kaplan-Meier method and compared by the log-rank test. Spearman’s
correlation analysis was performed to assess the correlation between the TNLE, number of positive LNs
(LNP), LNR and LODDS score. All significant variables in the univariate analysis were included in the
multivariate analysis. We performed Cox multivariate regression analyses to test whether each of the LN
staging systems was an independent prognostic factor for survival. Harrell’s C-index statistic (C-index) and
the Akaike information criterion (AIC) were used to evaluate the discriminatory ability of the models of the
three LN staging systems. The C-index ranged from 0.5 (no discrimination) to 1 (perfect discrimination), and
the highest value was chosen as the best prognostic prediction model[23]. For the AIC, the lower the value
was, the more accurate the model[24]. Based on the UICC/AJCC TNM staging system, we chose 16 as the
cutoff value and compared the performance of the three LN staging systems under different LN dissection
levels. The accepted level of statistical significance was defined as P < 0.05. The statistical analysis was
performed using the SPSS 23.0 statistical package (SPSS, Inc., Chicago, IL) and the R programming
language (version 3.2.2 for Windows).

Results

Patient characteristics
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The baseline characteristics of the 157 Siewert type II AEG patients are shown in Table 1. There were 111
(70.7%) males and 46 (29.3%) females. The median age was 62 years, ranging from 33 ~ 83 years. The
median tumor size was 4.5 cm (range, 1.3 ~ 12.0 cm). With respect to surgery, 98 patients underwent
curative proximal gastrectomy, and 59 patients underwent total gastrectomy. According to histopathological
grading, well and moderately differentiated tumors were observed in 94 (59.9%) patients, and poorly
differentiated or undifferentiated tumors were observed in the remaining 63 (40.1%) patients. The mean and
median total number of lymph nodes examined (TLNE) were 18.6 and 17.0, respectively, with a range of 1–
64 and a standard deviation (SD) of 10.7. There were 115 (73.2%) patients with LN metastasis, and 42
(26.8%) were free of nodal disease. The median LNR of the entire population was 0.16. The LODDS values
ranged from − 2.11 to 1.61, with a median value of -0.56. In the Kaplan-Meier analysis, age, histological
grade, TNM pT stage, tumor size, lymphovascular invasion, TNLE and each of the LN staging systems were
significantly correlated with OS.

Survival
The median follow-up time for all patients was 42 months. The 5-year OS rate for the whole group of
patients was 39.5%, and the median OS time was 42 months. The Kaplan-Meier curves of the OS of patients
according to the TNM pN stage, LNR, and LODDS score are shown in Fig. 1. For the TNM pN staging system,
the 5-year OS rates were 69.0%, 32.6%, 41.2%, and 11.4%, respectively (P < 0.001). For the LNR staging
system, the 5-year OS rates were 69.0%, 44.4%, 46.5%, and 9.3%, respectively (P < 0.001). For the LODDS
staging system, the 5-year OS rates were 70.8%, 56.0%, 35.8%, and 7.4%, respectively (P < 0.001) (Table 1).
However, the survival curves of each LN staging system overlapped. Patients in pN1 stage had higher
survival rates than patients in pN2 stage. One possible explanation for this finding is that some pN2 patients
were incorrectly staged as pN1 due to an insufficient TLNE, which is defined as stage migration. All of the
variables that were statistically significant in the univariate survival analysis were entered into the
multivariate survival analysis.

Performance of the LN classification systems
Through Cox regression modeling, the LN staging system with the best prognostic discriminatory ability was
assessed through iterative statistical models and through the comparison of C-index and AIC values. The
TNM pN stage, LNR and LODDS systems all showed significant prognostic value in the multivariate Cox
regression analyses. When assessed as categorical variables, the LNR staging system had a better
prognostic performance (C-index: 0.752; AIC: 926.350) than the AJCC 8th edition (C-index: 0.740; AIC:
934.349) and LODDS (C-index: 0.737; AIC: 939.087) staging systems. When stratified by the TLNE, the LNR
remained the best performing model among patients with less than 16 retrieved LNs (C-index: 0.810; AIC:
352.293). When LN status was modeled as a continuous variable, the LODDS scoring system (C-index:
0.729; AIC: 940.483) outperformed other scoring systems, including the LNP (C-index: 0.721; AIC: 946.935)
and LNR (C-index: 0.725; AIC: 938.918) (Table 3). However, among patients with less than 16 LNs examined,
the LNP system performed the best (C-index: 0.809; AIC: 350.265).
Page 4/18

The results of Spearman's correlation analyses are shown in Table 3. We found that both the LNP (r = 0.198
P = 0.013) and LODDS (r=-0.234 P = 0.003) values correlated with the TLNE. However, no significant
correlations between the LNR and TLNE were observed. There were significant and positive correlations
between the LNR and LNP (r = 0.927 P = 0.000), between the LODDS score and LNP (r = 0.887 P = 0.000), and
between the LODDS score and LNR v (r = 0.965 P = 0.000).
We created scatter plots to explain the relationship between the LNR and LODDS score. As shown in Fig. 2,
the LODDS value increased with the LNR, indicating a close correlation. However, when the LNR was close to
0 or 1, the LODDS system was able to efficiently distinguish heterogeneity. The relation of the TNM pN stage,
LNR and LODDS staging systems differs according to the TLNE (Fig. 3). The LNR staging system includes
stages 1–4 for 6 LNs examined, and there is no stage 1 in the LODDS system for less than 16 LNs
examined. The LODDS classification in stage 3 has 24 LNs examined 3–13 metastatic LNs examined and
3–9 metastatic LNs by 16 LNs examined. Therefore, the LODDS system does not perform well with a
relatively large TLNE.

Discussion
The extent of gastrectomy and lymphadenectomy for Siewert II AEG remains controversial[25–27]. To some
extent, it has caused a difference in the distribution of the number of retrieved LNs at different institutions.
Hasegawa et al. reviewed patients who had AEG types II/III and underwent D1 or more radical
lymphadenectomy and found that the total number of LNs was > 15 in 153 patients but < 14 in 10 patients.
Wu et al.[28] studied 1302 Siewert type II AEG patients through the Surveillance, Epidemiology, and End
Results Program (SEER) database, of which 423 (32.49%) patients had less than 10 TLNE. Our data showed
that 45.2% of patients had less than 16 LNs examined, and the mean TLNE was 18.6 ± 10.7. This result is
consistent with the TLNE described by Liu et al[29] (16.6 ± 9.1), who evaluated changes in AEG among
surgical patients from 1988 to 2012 in a high-volume Chinese hospital. These data indicate that inadequate
LN dissection is common in AEG, and stage migration may often be overlooked using the current TNM pN
staging system. Thus, it is necessary to explore an LN staging system with more prognostic value.
Our study demonstrated that both the LNR and LODDS staging systems were superior to the traditional
lymph node staging system. When assessed as categorical variables, the LNR outperformed the LODDS and
TNM pN staging systems concerning prognosis, with a higher C-index and a lower AIC. This result was
confirmed in the subgroup of patients with < 16 LNs examined. However, when LN status was modeled as a
continuous variable, the LNR proved to be almost equivalent to the LODDS score, but when stratified by the
TLNE, the LNP showed better predictive value.
Our results are consistent with those of previous authors. Lee et al. proved the LNR to be a better predictor
for survival than the N category of the UICC/AJCC staging system because the LNR formula includes the
TLNE[30]. Spolverato et al. found that the LODDS score was the best predictor of survival when assessed as
a continuous variable; however, the LNR became the best predictor when LN status was included[31]. Liu et
al. found the LODDS score and LNR to have almost equal predictive ability when assessed as continuous
variables, but once categorized and clustered in the TLODDS staging system, the LODDS system lost part of
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its predictive value, whereas the LNR system did not[17]. Unlike these studies, Xu et al. analyzed 1302
patients with Siewert type II AEG who underwent preoperative radiotherapy and concluded that the LODDS
score had higher predictive accuracy than the LNP and LNR[28]. These inconsistent results may be caused
by the categorical cutoff values chosen. However, this study lacks information on indicators analyzed as
continuous variables, which is necessary for directly comparing results from different studies[32].
A key aspect of the evaluation of a new marker is whether it provides additional information. The LNR uses
the number of retrieved LNs as the denominator, and the LODDS score takes into account the number of
negative LNs. Both of the newly added elements offer information on the extent of LN dissection, on the
accuracy of the pathologic stage and, possibly, on the immune status of the patients[33, 34]. This can
theoretically explain why the LNR and LODDS score are superior to the TNM pN system. We further
illustrated the relationship between the LNR and LODDS scoring system through scatter plots. We found that
the overall trend of the LNR and LODDS score is consistent and that the LODDS score is heterogeneous
when the LNR is approximately 0 or 1. Therefore, theoretically, the LODDS score has better discriminatory
power for patients with a very low or high LNR[35–37]. Notably, there were only 9 patients (6%) with 100%
metastatic LNs in the current study, and therefore, the theoretical advantage of the LODDS score may be
weakened. Categorization enables researchers to avoid strong assumptions about the relation between the
marker and risk but at the expense of losing information[32]. We further compared the three staging systems
when they were treated as categorical variables. Overall, each LNR stage is more evenly distributed than the
other two staging systems. Moreover, the LODDS stage is more dependent on the TLNE. For example, there is
no stage 1 for the LODDS staging system unless TLNE ≥ 14. This may explain why the LNR performs better
than the LODDS staging system when treated as a categorical variable.
Despite the limitations mentioned above, the LODDS score still has theoretical potential to be a good factor
for clinical use. The lack of standard cutoffs for the stages may be a major obstacle because the calculation
used to determine the cutoff value is affected by multiple factors, such as countries, research institutions,
patient numbers, and the average TLNE[38]. We also need to pay attention to the mathematical
characteristics of the LODDS score itself, which is calculated by adding a value of 0.5 to both the numerator
and denominator. There is no proof that 0.5 is optimal for such an assessment[9]. As our data were obtained
from a single institution, the current study may not reflect the status in other centers in China. Further
research requires a better understanding of the LODDS score from a mathematical perspective and a better
cutoff value, and thus, the LODDS score can be better used in clinical practice.

Conclusion
In conclusion, our data suggest that the phenomenon of stage migration is common among Siewert type II
AEG patients. Our study also demonstrated that the TNM pN stage, LNR and LODDS systems appear to be
independent prognostic factors in Siewert 2 AEG patients following curative resection. Specifically, the LNR
represented the best prognostic factor when assessed as a categorical variable and that the LNR may serve
as an alternative nodal staging system for AEG.
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AEG
Adenocarcinoma of the esophagogastric junction
LN
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Tumor-node-metastasis
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Table 1 Univariate analysis of survival determinants in patients with
Siewert type II adenocarcinoma of the esophagogastric junction
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Variable

No. of patients (%)

Median survival time

P valuea

Male

111 (70.7)

42

0.574

Female

46 (29.3)

37

>65

58 (36.9)

31

≤65

99 (63.1)

48

>3

123 (40.1)

37

≤3

34 (59.9)

73

94 (59.9)

49

63 (40.1)

31

≥16

86 (54.8)

44

<16

71 (45.2)

36

Subtotal

98 (37.6)

42

Total

59 (62.4)

37

Sex

Age (years)
s

0.007

Tumor size (cm)

0.021

Grade of differentiation
Well or moderately

0.018

differentiated
Poorly or undifferentiated undifferentiated

TNLE
0.015

Gastrectomy resection

Lymphovascular invasion
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0.611

Present

61 (38.9)

19

Absent

96 (61.1)

49

0.000

pT stageb

T1

1 (0.6)

0.000

T2

24 (15.3)

T3

115 (73.2)

37

T4

17 (10.8)

16

Yes

67 (57.3)

32

No

90 (42.7)

43

N0

42 (26.8)

69

N1

46 (29.3)

36

N2

34 (21.7)

32

N3

35 (22.3)

18

0

42 (26.8)

69

≤0.3

18 (11.5)

41

≤0.6

43 (27.4)

49

>0.6

54 (33.4)

17

≤-1.5

24 (15.3)

69

≤-1

25 (15.9)

68

≤0

81 (51.6)

36

Chemotherapy
0.684

pN stageb

0.000

LNR
0.000

LODDS
0.000

a Univariate Kaplan-Meier analysis. b According to the 8th edition of the UICC/AJCC cancer staging manual.
LN, lymph node; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; TNLE, total number of
LNs examined
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Table 2 Predictors of survival in different lymph node staging systems
on multivariate analysis by the Cox proportional hazards regression
model
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Variable

TNM pN

LNR

LODDS

HR

95%CI

P

HR

95%CI

P

HR

95%CI

P

Grade of
differentiation

1.265

0.7652.093

0.360

0.937

0.5591.572

0.806

1.151

0.6941.909

0.586

Tumor size

1.819

1.0943.023

0.021

1.758

1.0612.912

0.029

1.905

1.1403.184

0.014

Age

2.343

1.5063.644

0.000

2.038

1.2933.212

0.002

2.314

1.4933.587

0.000

Lymphovascular
invasion

0.608

0.3651.012

0.056

0.660

0.3831.037

0.069

0.600

0.3591.002

0.051

pT degree

1.908

1.2552.903

0.003

2.050

1.3493.115

0.001

2.151

1.4173.267

0.000

TNLE

0.488

0.3060.779

0.003

0.444

0.2880.683

0.000

0.483

0.3050.763

0.002

pN stage

0.001

N0 (reference)
N1

2.459

1.3384.521

0.004

N2

2.154

1.0874.269

0.028

N3

3.477

1.8416.565

0.000

LNR stage

0.000

LNR0
(reference)
LNR1

2.437

1.0885.458

0.030

LNR2

1.553

0.8242.927

0.174

LNR3

4.174

2.3277.485

0.000

LODDS stage

0.007

LODDS1
(reference)
LODDS2

0.614

0.2361.596

0.317

LODDS3

1.463

0.7202.973

0.293
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LODDS4

2.177

0.95014.989

0.066

LN, lymph node; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; TNLE, total number of
LNs examined.

Table 3 Comparison of the prognostic value of the different lymph node
staging systems with different TNLE
Variable

TNLE
ALL

<16

C-index

AIC

C-index

AIC

LNP

0.721 (0.670-0.773)

946.935

0.809 (0.755-0.865)

350.265

LNR (continuous)

0.725 (0.674-0.776)

938.918

0.793 (0.738-0.848)

353.971

LODDS (continuous)

0.729 (0.680-0.778)

940.483

0.785 (0.725-0.846)

356.302

TNM pN

0.740 (0.693-0.788)

934.349

0.802 (0.742-0.863)

354.773

LNR (category)

0.752 (0.706-0.799)

926.350

0.810 (0.752-0.870)

352.293

LODDS (category)

0.737 (0.686-0.786)

939.087

0.792 (0.730-0.856)

358.493

C-index, Harrell’s concordance index; AIC, Akaike information criterion; LN, lymph node; LNP, number of
positive LNs; LODDS, log odds of positive lymph nodes; LNR, lymph node ratio; TNLE, total number of LNs
examined.

Table 4 Spearman’s correlation test between the number of TNLE,
positive LNs, LNR value and LODDS value
Variable

Positive LN

LNR

LODDS

Variable

Positive LN

LNR

r

P

r

P

r

P

TNLE

0.198

0.013

-0.075

0.349

0.198

0.013

LNP

NA

NA

0.927

0.000

0.887

0.000

LNR

0.927

0.000

NA

NA

0.965

0.000
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LN, lymph node; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; LNP, number of positive
LNs; TNLE, total number of LNs examined; NA, not available.

Figures

Figure 1
Kaplan-Meier curves for Overall Survival stratified by TNM pN categories based on the AJCC/UICC 8th (A),
LNR (B), and LODDS (C) systems

Figure 2
Scatter plot of the LNR and LODDS score
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Figure 3
Comparison of the TNM pN, LNR and LODDS staging systems
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