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Abstract

Background: The optimal nodal staging scheme for gastric cancer remains unsettled. We
compared the prognostic performances of the metastatic lymph node, lymph node ratio, and log
odds of metastatic lymph nodes based on nomograms among 801 patients with D2-resected gastric
cancer treated with adjuvant chemotherapy.

Methods: When assessed as a continuous covariate, each nodal staging variable was incorporated
into a prognostic nomogram with other significant prognosticators to predict the 5-year overall
survival. The discriminatory abilities of the nomograms were compared using the concordance
index. Patients were divided into subgroups using each nomogram, and the prognostic homogeneity
of the nomograms was assessed using the Kaplan-Meier method with log-rank tests.

Results: The discriminatory abilities of the three nomograms were comparable (P > 0.05 for all
pairwise comparisons). However, for patients within each lymph node ratio subgroup, overall
survival was homogenous when stratified by subgroups of the other two staging schemes, while it
differed significantly among the different lymph node ratio subgroups for patients within some of the
other two staging subgroups.

Conclusion: The lymph node ratio-based staging scheme performs the best for the prediction of
survival in patients with locally advanced gastric cancer treated with D2 resection followed by
adjuvant chemotherapy.

Key words: gastric cancer; metastatic lymph node; lymph node ratio; log odds of metastatic lymph nodes;
nomogram

Introduction

Gastric cancer (GC) is the fifth most common  present, the prognosis remains poor for patients with
malignancy and the third leading cause of locally advanced tumors, and advanced tumor
cancer-related deaths worldwide, although its invasion and lymph node (LN) involvement are the
incidence is especially high in East Asia[l1-3]. At  best indicators of poor prognosis in patients with
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resectable GC [4-6].

Besides nodal status being a prognostic factor in
GC, the number of total harvested nodes (THNs)
reportedly may be associated with improved survival
[7-9]. However, the N staging system of the current
American Joint Committee on Cancer (AJCC)
classification is merely based on the number of
metastatic lymph nodes (MLNs) and has been
criticized for disregarding the influence of THNs on
survival [10, 11]. To refine the prediction of prognosis
in patients with GC, two ratio-based LN staging
systems have been proposed: the lymph node ratio
(LNR) [12], defined as the ratio between MLNs and
THNSs, and the log odds of metastatic lymph nodes
(LODDS) [13], defined as the log of the ratio between
the number of MLNs and the number of negative
lymph nodes (NLNs). Both systems have mostly
shown better discriminatory accuracy than MLN-
based staging for predicting prognosis in patients
with resectable GC [13-17]. However, in studies solely
including patients who have undergone D2
lymphadenectomy, findings regarding the best LN
staging system have been inconsistent [13, 16, 18, 19].

Both the ACTS-GC and CLASSIC trials
demonstrated that adjuvant chemotherapy (AC)
reduced locoregional and distant recurrence and
improved survival among patients with D2-resected
GC [20, 21]. Accordingly, AC is accepted as the
standard treatment for patients with local advanced
GC undergoing D2 resection[22]. In this context, it is
necessary to investigate whether the LNR- and
LODDS-based systems remain superior to MLN-
based staging for predicting prognosis in patients
treated with D2 resection followed by AC.

Thus, in the present study, we compared the
prognostic performances of MLN-, LNR-, and
LODDS-based nomograms in patients with
D2-resected GC who had received AC. We used
nomogram-related  methods to allow for
multivariable-adjusted comparisons among these
systems.

Methods

Patient selection and treatment

Between October 2001 and July 2014, we
identified 1729 patients who had been diagnosed with
GC and undergone D2 lymphadenectomy at the Sun
Yat-Sen University Cancer Center. The inclusion
criteria were as follows: (1) histologically confirmed
IB/1IIIC gastric adenocarcinoma after RO resection, (2)
treated with AC, and (3) availability of complete
clinicopathologic and follow-up data. The exclusion
criteria were (1) presence of residual macroscopic or
microscopic tumor, (2) presence of distant metastasis

or concurrent malignancies in other organs, and (3)
neoadjuvant chemo- or radiotherapy or adjuvant
radiotherapy. This study was approved by the
independent Ethics Committee of the Sun Yat-Sen
University Cancer Center.

Statistical analysis

Categorical variables were presented numerica-
lly or as percentages, while continuous variables were
presented as means with standard deviations and
medians with interquartile range (IQR). Spearman’s
rank correlations and scatter plots were examined to
evaluate relationships within MLN, LNR, and LODDS
variables. Overall survival (OS) was defined as the
time from surgery until final follow-up or death from
any cause. Multivariable Cox regression analyses
were used to assess the relationships between clinico-
pathologic factors and OS. To avoid multicollinearity,
MLN, LNR, and LODDS were included in separate
Cox models [23]. MLN, LNR, and LODDS were asses-
sed as continuous variables to reduce the bias that can
result from empirically selecting cut-off points for
them. Restricted cubic splines were used to examine
functional forms of continuous variables in relation to
survival.[24] The final Cox models were obtained
using backward stepwise selection (P < 0.050).

Nomograms were generated from the final
models based on the MLN, LNR and LODDS
variables. Concordance indices (C-indices) were used
to compare discriminative power among the nomogr-
ams based on different LN-staging systems: a larger
C-index indicated a greater discriminative capacity.
For each nomogram, calibration was performed by
comparing the plot of nomogram-predicted survival
probabilities with the Kaplan-Meier-estimated proba-
bilities [25]. Bootstraps with 1000 resamples were
used to quantify model overfit and calculate Kaplan-
Meier estimates. For each nomogram, patients were
grouped according to the quartiles of the total points,
and Kaplan-Meier curves with log-rank tests were
used to compare OS among quartiles.

A P < 0.05 was considered statistically significa-
nt. Statistical analyses were performed using SPSS
v.19.0 (SPSS, Chicago, IL) and R v.3.1.2 (R Project for
Statistical Computing; http:/ /www.r-project.org).

Results

Table 1 summarizes the patient characteristics.
The cohort consisted of 801 patients (522 men and 279
women) with stage IB-IIIC GC. All patients
underwent D2 lymphadenectomy and received AC.
Further, 629 (78.5%) had T3/4-stage disease, and 587
(73.3%) had LN metastasis. More than 15 LNs were
harvested from 644 (80.4%) patients. The median
follow-up time for survivors was 41.6 months (IQR:
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27.4-93.3 months).

As shown in Supplementary Figure 1, the three
LN variables were highly correlated with each other (r
> 0.900, P < 0.01 for all). After backward variable
selection, we obtained final Cox models based on
MLN-, LNR-, and LODDS and corresponding
nomograms (Figure 1A-1C). The hazard ratios were
significantly higher for more proximal tumor location,
advanced T stage, decreased NLNs, and increased
MLNs, LNR, and LODDS. After examined using
restricted cubic splines, MLN, NLN, LNR, and
LODDS all meet the linearity assumption of Cox
regression analysis. Notably, a significant interaction
was found between MLN and THN in relation to OS
(Pinteraction < 0.01). When NLN was included in the

independently associated with OS and showed no
significant interaction with MLN (Pineraction = 0.34), and
the system’s discriminatory power remained
unchanged (C-index, 0.719 for both).

The bootstrap-corrected C-indices were 0.715,
0.726, and 0.725 for the MLN-, LNR- and LODDS-
based nomograms, respectively, indicating minimal
evidence of overfit for all three models. Both the LNR-
and LODDS-based nomograms had better prognostic
performance than the MLN-based one, although the
differences were not significant (Z test: P > 0.05 for
both; Table 2). Further, when stratified by THNs, the
C-indices of the three nomograms remained compar-
able when restricted to patients with both <15 or >15
THNS, although higher C-indices were observed in all

model instead of THNs, it was found to be  three LN-staging systems when THNs > 15 (Table 2).
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Figure 1. Prognostic nomograms for predicting OS in patients with D2-resected gastric cancer receiving AC and calibration plots. Prognostic
nomogram of (A) tumor location, T stage, and number of MLNs and NLNs; (B) tumor location, T stage, and LNR; (C) tumor location, T stage, and LODDS. In the
calibration plots for the (D) MLN-based, (E) LNR-based, and (F) LODDS-based nomograms, the nomogram-predicted OS shows close correlation with the ideal
45-degree reference line.

http://lwww.jcancer.org



Journal of Cancer 2018, Vol. 9

663

Table 1. Patient characteristics of the study cohort

Variable Mean (SD)/median (IQR)/N (%)
Age (years)

Mean (SD) 56.07 (11.30)
Median (IQR) 57.00 (49, 64)
Sex

Male 522 (65.2%)
Female 279 (34.8%)
Tumor size

Mean (SD) 4.45 (2.32)
Median (IQR) 4.00 (3, 6)
Tumor location

Upper third 205 (25.6%)
Middle third 163 (20.3%)
Lower third 433 (54.1%)
Tumor differentiation

Poorly or undifferentiated 589 (73.5%)
Well or moderately 112 (26.5%)
differentiated

T stage

T1 62 (7.7%)

T2 110 (13.7%)
T3 249 (31.1%)
T4 380 (47.4%)
MLN

Mean (SD) 5.99 (7.48)
Median (IQR) 3.00 (0, 9)

0 214 (26.7%)
1/2 157 (19.6%)
3-6 165 (20.6%)
>7 265 (33.1%)
THN

Mean (SD) 25.21 (12.10)
Median (IQR) 24.00 (16, 33)
<15 157 (19.6%)
>15 644 (80.4%)
NLN

Mean (SD) 19.22 (11.64)
Median (IQR) 18.00 (11, 26)
LNR

Mean (SD) 0.24 (0.26)
Median (IQR) 0.15 (0, 0.40)
LODDS

Mean (SD) -1.63 (1.71)
Median (IQR) -1.61 (-3.04, -0.39)
AC regimen

Single fluoropyrimidines 279 (38.5%)
Fluoropyrimidine+ platin combinations 381 (52.6%)
Other fluoropyrimidine-based 65 (9.0%)

combinations

SD, standard deviation; IQR, interquartile range; GE]J, gastroesophaeal junction;
MLN, metastatic lymph node; THN, total harvested nodes; NLN, negative lymph
nodes; LNR, lymph node ratio; LODDS, log ratio of metastatic lymph node; AC,
adjuvant chemotherapy.

Table 2. Discriminatory abilities of the MLN-, LNR- and
LODDS-based nomograms

Number of lymph nodes harvested

Models All <15 >15
C-index C-index C-index
MLN 0.723 0.703 0.740
LNR 0.734 0.703 0.745
LODDS 0.733 0.703 0.742

MLN, metastatic lymph node; LNR, lymph node ratio; LODDS, log ratio of
metastatic lymph node; C-index, concordance index.

Calibration plots showed close agreement
between the actual 5-year OS values in the study
population and the OS predicted from the three
nomograms (Figure 1D-1F). Using each nomogram,
the patients were divided evenly into four subgroups
based on the quartiles of the total points (total points
from low to high: 1st quartile MLNa/LNRa/
LODDSa; 2nd quartile, MLNb/LNRb/LODDSb; 3rd
quartile, MLNc/LNRc/LODDSc and 4th quartile:
MLNd/LNRd/LODDSd). For each nomogram, the
outcomes within subgroups were compared using
Kaplan-Meier curves, and each group was found to
represent a distinct prognosis (Figure 2A-2C).

As shown in Table 3, for patients within each
LNR subgroup, the OS was homogenous when
patients were divided according to MLNa-MLNd and
LODDSa-LODDSd. However, for patients in the
MLNc, MLNd, LODDSa, LODDSb, or LODDSc
subgroup, OS differed significantly among the LNR
subgroups. These results indicated that the
LNR-based system had the best prognostic
homogeneity within subgroups (Table 3).

Discussion

Accurate prediction of prognosis in patients with
GC is essential for treatment and follow-up planning.
Traditionally, the outcomes of resectable GC are
predicted on the basis of tumor invasion depth and
LN status, which are involved in the AJCC staging.
However, these clinicopathological factors cannot
present a complete prognostic picture, since other
clinicopathological factors such as THNs that may be
associated with prognosis are not considered [7, 8].
Two ratio-based LN-staging systems, namely, the
LNR and LODDS systems, were proposed to refine
prognosis prediction, and both have shown better
performance than MLN-based staging in many
studies [13-17]. However, the findings were
inconsistent in studies that only included patients
who had undergone D2 lymphadenectomy [13, 16, 18,
19]: Sun et al. [13] and Qiu et al. [16] found that the
LODDS-based system had the greatest discriminatory
power, while Liu et al. [19] found that it was the
LNR-based system; Xu et al. [18] found that all three
systems had comparable power. Similarly, Sun et al.
[13] found that the LODDS-based had the best
prognostic homogeneity, while Liu et al. [19]
identified the LNR-based system as the one with the
best prognostic homogeneity. In contrast, Xu et al. [18]
found that all three systems had similar prognostic
homogeneity within the LN substages.

The inconsistencies among these studies are
most likely due to differences in analysis methodolo-
gy. Since all three LN-staging systems are closely
correlated, it is methodologically inappropriate to use

http://lwww.jcancer.org



Journal of Cancer 2018, Vol. 9

664

stepwise model selection to determine the best-perfo-
rming staging system [13, 15, 19], as was done in the
studies by Sun et al. [13] and Liu et al. [19]. In
addition, it is necessary to compare the prognostic
performances of the nodal staging systems based on
multivariate models to account for potential confoun-
ding. However, some of the studies that performed
this analysis did not report the specific variables that
were included in the multivariate models along with
the nodal variables [14, 18]. Moreover, there is still no
consensus on the ideal cutoff values for the three
LN-staging systems, and the prognostic accuracy of
all three systems reportedly improves when they are
treated as continuous covariates [14]. In the present
study, multivariate regression models were fitted
when the MLN, LNR, and LODDS variables were
assessed as continuous covariates, and prognostic
nomograms were developed from these models to
provide intuitive illustrations of these models. No
significant differences in discriminatory power were
found among the nomograms when MLN, LNR, and
LODDS were assessed as continuous covariates. This
was probably because of the close correlation among
the three LN variables, as shown in Supplementary
Figure 1.

The homogeneity within subgroups is consider-
ed an important feature to identify an ideal staging
system [26]. In previous studies, patients were traditi-
onally grouped according to substages of MLN/
LNR/LODDS, in order to assess the prognostic
homogeneity of the LN-staging systems within
substages [13, 19]. However, in these studies, the
effects of other significant prognosticators (e.g., T
stage) on survival were not accounted for when
establishing the cutoffs for MLN, LNR and LODDS.
Therefore in the present study, patients were stratified
by the total points, that is, the predicted OS in the
MLN-, LNR-, or LODDS-based nomograms, which
incorporated the effect of MLN, LNR, or LODDS,
respectively, along with other significant prognostic-
cators for OS prediction. Using this method, we
demonstrated that the LNR-based system has the best
prognostic homogeneity within the nomogram-based
substages, which is consistent with another study of
patients with D2-resected GC [19].

Based on the results of the ACTS-GC and
CLASSIC trials [20, 21], AC is recommended as the
standard treatment for patients with local advanced
GC undergoing D2 resection. In the present study of
patients with D2-resected GC treated with AC, the
MLN-, LNR-, and LODDS-based nomgrams showed
comparable discriminatory abilities, while the LNR-
based nomogram showed better prognostic homoge-
neity than the other two nomograms, suggesting that
the LNR-based system is the best-performing

prognostic model for these patients. Yet, thorough
dissection and examination of LNs remains essential
for accurate prediction of prognosis even in patients
receiving AC, as the discrimination of all three
LN-staging systems was considerably better when
THNSs exceeded 15 than when it was <15, which was
consistent with previous studies [14, 17].
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Figure 2. Kaplan-Meier curves of OS among patients grouped
according to the quartiles of nomogram-predicted OS. Comparison of
survival curves in (A) MLN-based, (B) LNR-based, and (C) LODDS-based
nomograms.
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Table 3. Overall survival (OS) rates on the basis of MLN and LODDS subgroups according to LNR subgroups

LNR-a LNR-b LNR-c LNR-d

No. 5-y OS No. 5-y OS No. 5-y OS No. 5-y OS P value
MLN subgroups
MLN-a 182 91% 17 84.4% 0 - 0 - 0.18
MLN-b 0 - 201 75.8% 19 68.6% 0 - 0.39
MLN-c 0 - 18 68.0% 176 57.0% 9 31.1% 0.04
MLN-d 0 - 0 - 16 57.7% 167 22.9% 0.01
P valueb - 0.46 0.34 0.08
LODDS subgroups
LODDS-a 167 90% 14 74.0% 0 - 0 - 0.20
LODDS-b 15 100% 186 76.6% 40 68.1% 0 - 0.02
LODDS-c 0 - 36 68.8% 147 56.7% 21 23.5% <0.01
LODDS-d 0 - 0 - 20 60.9% 155 22.5% <0.01
P valuec 0.23 0.33 0.58 0.57

MLN, metastatic lymph node; LNR, lymph node ratio; LODDS, log ratio of metastatic lymph node; C-index, concordance index.
a: Comparison of OS rates within different LNR subgroups. Bold P values have statistical significance (i.e., P < 0.05)

b: Comparison of OS rates within different MLN subgroups. Bold P values have statistical significance (i.e., P < 0.05)
c: Comparison of OS rates within different LODDS subgroups. Bold P values have statistical significance (i.e., P < 0.05)

The present study has some limitations. The
wide time span (1998-2013) of this study resulted in
the inclusion of a number of patients (19.6%) with <15
THNSs after D2 lymphadenectomy, among whom the
inadequate removal of LNs might have been
influenced by factors that were not accounted for,
because of the respective nature of this study. We did
not exclude this group of patients in order to assess
the performances of LN-staging systems in real-world
clinical ~practice and draw comprehensive
conclusions. Additionally, there might be certain
discrepancies between the numbers of LNs dissected
and counted. Nevertheless, our hospital is a
high-volume center, and D2 lymphadenectomy
followed by node counting is performed by
experienced surgeons, which may have partially
controlled these discrepancies. Moreover, there might
be a concern with regard to the complexity of
prognostic nomograms in comparison with the AJCC
staging system. However, although the nomogram
requires information on various prognostic factors
beyond TNM stages, it is still a convenient tool which
allows intuitive estimation of the survival
probabilities of patients. In contrast, the AJCC staging
system can only classify patients into several risk
groups without telling the estimated survival
probabilities of these subgroups. Furthermore, a
“point” prediction of patient prognosis is available in
nomograms, and hence there is no need to categorize
continuous variables—the nodal staging variables in
this study, avoiding potential biases from arbitrarily
determined cutoff values. Finally, although the
bootstrap-corrected  C-indices for the three
nomograms were comparable to previously reported
C-indices in nomograms regarding resected GC
(range, 0.68-0.80) [27-32], our nomograms were
developed from a retrospective Chinese cohort and

need to be externally validated using datasets from
other countries, as well as using prospective cohorts.

Conclusion

To the best of our knowledge, this is not only the
first study to assess the performances of MLN-, LNR-,
and LODDS-based prognostic systems in patients
with D2-resected GC receiving AC, but also the first to
perform nomogram-based grouping for assessing the
prognostic homogeneity of these systems. This study
provides solid evidence that the LNR-based
prognostic system is superior to the MLN- and
LODDS-based systems in predicting patient OS for
patients with locally advanced GC who receive AC
after D2 lymphadenectomy, and further studies are
warranted to verify the usefulness of LNR in the
prognosis, follow-up and treatment planning for these
patients.
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