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Abstract
To investigate whether the log odds of positive lymph nodes (LODDS) system is a more accurate prognostic tool than the number-
based (pN) or ratio-based (rN) lymph node staging system in Korean patients with gastric cancer (GC).
The LODDS is a recently proposed staging modality in surgical oncology. However, it is unclear whether LODDS is superior to the

pN or rN system in terms of predicting the prognosis of GC patients who underwent radical gastrectomy with extended
lymphadenectomy and had a greater number of retrieved lymph nodes.
Clinicopathological data from 3929 patients who had undergone curative gastrectomy for GC were reviewed. In addition, overall

survival rates according to pN and rN classification stratified by the LODDS were analyzed. A multivariate analysis of survival rate was
performed using a Cox proportional hazard model.
pN, rN, and LODDS were significantly correlated with 5-year survival rate. Spearman correlation test showed no correlation

between LODDS and number of lymph nodes retrieved. The receiver operating characteristic (ROC) curves showed that the 3
staging systems had comparable prognostic accuracy (P<0.05). Survival analysis according to pN and rN classification stratified by
the LODDS staging system demonstrated that LODDS is superior to pN and rN.
The LODDS is independently and significantly associated with the OS of Korean patients with GC, and its prognostic value is

superior to that of the other lymph node staging systems in Korean patients.

Abbreviations:AJCC = American Joint Committee on Cancer, GC = gastric cancer, LODDS = log odds of positive lymph nodes,
pN = pathologic nodal, rN = lymph node ratio, TLM = tumor LODDS metastasis, TNM = tumor node metastasis, TRM = tumor rN
metastasis.
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1. Introduction the absolute number of metastatic nodes.[5] However, there has
Gastric cancer (GC) is one of the most common malignancies
among all types of solid cancer and the 2nd leading cause of
cancer-related death worldwide.[1] The incidence of GC varies
geographically; for instance, it is considerably higher in East
Asian compared with Western countries. The nodal status is the
most important prognostic factor for accurate staging and
therapeutic decision making in the management of GC.[2–4]

In the 7th edition of the International Union Against Cancer
(UICC)/American Joint Committee on Cancer (AJCC) tumor
node metastasis (TNM) classification, the pathologic nodal (pN)
stage is classified as pN0, pN1, pN2, pN3a, or pN3b according to
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been consensus of stage migration, also known as the “Will
Rogers” phenomenon,[6] because the numbers of metastatic
lymph nodes could be influenced by those of lymph nodes
harvested, for example, examination of a small number of lymph
nodes might lead to underestimation of nodal status. Lee et al[7]

demonstrated that∼46%of patients were misclassified by the 7th
AJCC TNM staging system. Thus, the AJCC recommends the
analysis of at least 16 lymph nodes for accurate evaluation of
nodal stage in GC. Another option for nodal stage, also known as
lymph node ratio (rN), which is the ratio of the number of
positive lymph nodes to the total number of lymph nodes
examined, has been proposed,[8–11] but the result is identical to
that of pN of the TNM system in patients classified as rN0. In
other words, patients with pN0 cannot benefit from the rN
staging system. In addition, Sun et al[12] reported that patients
with the same rN stage have different prognoses according to the
total number of retrieved nodes. This opinion is based on the
hypothesis that 3 positive lymph nodes of 3 retrieved nodes are
not the same as 30 of 30.Moreover, the number of negative nodes
is significantly related to the prognosis of patients with various
types of malignancy.[13–16] Deng et al[15] demonstrated that
the ratio of negative and positive lymph nodes is associated
with prognosis prediction and concluded that this should be
considered the optimal variable for evaluating the prognosis of
GC in the clinic.
Recently, researchers proposed consideration of the log odds of

positive lymph nodes (LODDS), which is defined as the log of the
ratio of positive to negative nodes, as an alternative method for
nodal staging and concluded that LODDS is superior to the pN or
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rN system in terms of predicting overall patient survival.[12,17–21] according to rN with an initial interval of 0.1 and combining

Table 1

Overall survival rates according to the value of lymph node ratio and log odds of positive lymph nodes with the interval of 0.1 and 0.5.

No 5-YSR (%) P
∗

R stage
rN=0 2333 92.5 <0.001
0< rN�0.1 726 79.5 <0.001
0.1< rN�0.2 343 59.0 0.023
0.2< rN�0.3 193 49.8 0.001
0.3< rN�0.4 124 31.5 0.150
0.4< rN�0.5 88 22.0 0.207
0.5< rN�0.6 52 20.8 0.568
0.6< rN�0.7 30 13.3 0.514
0.7< rN�0.8 16 10.0 0.529
0.8< rN�0.9 15 0 0.680
0.9< rN�1 9 22.2

LODDS stage
LODDS��4.0 1850 93.9 0.004
�4.0<LODDS��3.5 432 88.1 0.147
�3.5<LODDS��3.0 267 82.9 0.513
�3.0<LODDS��2.5 297 79.0 0.013
�2.5<LODDS��2.0 226 73.3 0.007
�2.0<LODDS��1.5 235 60.1 0.157
�1.5<LODDS��1.0 217 52.7 0.094
�1.0<LODDS��0.5 157 43.1 <0.001
�0.5<LODDS�0.0 126 23.9 0.282
0.0<LODDS�0.5 64 21.7 0.047
0.5<LODDS�1.0 28 10.0 0.744
1.0<LODDS�1.5 30 8.6

LODDS= log odds of positive lymph nodes, No=number of patients, rN= lymph node ratio, YSR= year survival rate.
∗
Compared between adjacent groups.
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They stated that LODDS is not influenced by the numbers of
harvested lymph nodes and could predict survival even when
fewer than 15 nodes are examined.
Despite these results, it is unclear whether LODDS is superior

to the pN or rN system in terms of predicting the prognosis of GC
patients who underwent radical gastrectomy with extended
lymphadenectomy and had higher number of retrieved lymph
nodes. Therefore, we investigated the validity of the LODDS
system in Korean GC patients who underwent gastrectomy.
2. Materials and methods

2.3. Statistical analysis
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2.1. Patients and data collection

The Institutional Review Board of Seoul St. Mary’s Hospital
approved the retrospective analysis of anonymous data involved
in this study. The requirement for written informed consent was
waived, but patient records were anonymized and deidentified
prior to analysis. A total of 3929 patients who underwent
gastrectomy for GC between January 1990 and December 2012
were enrolled. All patients underwent curative (R0) resection and
extended lymphadenectomy. Patients who underwent palliative
resection and those with known metastatic disease were excluded
from the analysis.
Lymph node status was classified to the 7th AJCC N

classification[5] (pN0: no metastasis; pN1: 1 and 2 metastatic
lymph nodes; pN2: 3–6 metastatic lymph nodes; pN3a: 7–14
metastatic lymph nodes; and pN3b:>15metastatic lymph nodes)
and the rN staging system (rN0: 0; 0< rN1�0.1; 0.1< rN2�
0.2; 0.2< rN3�0.3; and rN4>0.3). The cutoff values of the rN
system were determined by comparing 5-year survival rates
patients with similar prognoses (Table 1).
LODDS was calculated by log (pnod+0.5)/(tnod�pnod+0.5)

as in previous studies. We added 0.5 to avoid singularity. The
cutoff values of the LODDS classification were determined by
comparing 5-year survival rates (LODDS1��4; �4<LODDS2
��2.5; �2.5<LODDS3��2; �2<LODDS4��0.5; and
LODDS5>�0.5) (Table 1).
Overall survival rates were compared according to pN and rN

classifications stratified by LODDS and according to LODDS
stratified by pN and rN classifications.
Scatter plots of the association between LODDS and the

absolute numbers ofmetastatic lymphnodes or rNwere generated.

2.2. Definition of TRM and TLM stage

According to the 4 cutoff points defined in the methodology
section, rN and LODDS stages were divided into 5 subgroups
(rN0/LODDS1, rN1/ LODDS2, rN2/ LODDS3, rN3/ LODDS4,
and rN4/LODDS5), corresponding to pN0, pN1, pN2, pN3a,
and pN3b, respectively. The tumor-rN-metastasis (TRM) and
tumor-LODDS-metastasis (TLM) systems were designed as
combinations of the T stage, rN or LODDS stage, and M stage
system including the 7th edition T stage andM stage of the TNM
staging system. Then, we performed a Kaplan–Meier test of
each staging system and a subgroup analysis was conducted only
in patients of TNM stage IA according to the TLM staging
system.
Continuous data were expressed as means± standard deviation.
Overall survival was estimated by the Kaplan–Meier method and



differences in survival among the groups were investigated using identified. More than half of patients were male (66.7%, n=

Table 2

Demographics and survival analysis of 3929 patients.

Characteristics Cases (%) 5-YSR Univariate P value
∗

Sex 0.006
Male 2623 (66.7) 78.0
Female 1306 (33.3) 80.9

Age <0.001
<60 2047 (52.1) 82.9
≥60 1882 (47.9) 74.6

Tumor location (n=3902) <0.001
Upper third 457 (11.7) 76.2
Middle third 1376 (35.2) 79.8
Lower third 2048 (52.4) 79.1
Whole stomach 21 (0.5) 35.7

Tumor size (cm) (n=3901) <0.001
�2 935 (23.9) 94.4
>2 and �3 690 (17.7) 89.7
>3 and �5 1045 (26.8) 78.7
>5 1231 (31.5) 61.4

Tumor depth (n=3921) <0.001
T1 1887 (48.1) 95.2
T2 886 (22.6) 78.5
T3 396 (10.1) 72.4
T4a 691 (17.6) 43.5
T4b 61 (1.5) 26.6

Histologic type (n=3878) 0.005
Differentiated 1783 (45.9) 82.0
Undifferentiated 2095 (54.1) 76.2

Total number of nodes retrieved 0.038
�15 145 (3.7) 73.0
>15 3784 (96.3) 79.2

pN classification <0.001
N0 2336 (59.4) 92.5
N1 519 (13.2) 80.7
N2 435 (11.1) 66.3
N3a 397 (10.1) 46.3
N3b 242 (6.2) 23.0

rN classification <0.001
rN0 2333 (59.4) 92.5
rN1 726 (18.5) 79.5
rN2 343 (8.7) 59.0
rN3 193 (4.9) 49.8
rN4 334 (8.5) 23.1

LODDS classification <0.001
LODDS1 1850 (47.1) 93.9
LODDS2 996 (25.3) 84.0
LODDS3 226 (5.7) 73.3
LODDS4 609 (15.5) 52.8
LODDS5 248 (6.3) 19.8

LODDS= log odds of positive lymph nodes, pN=pathologic nodal, rN= lymph node ratio, YSR= year survival rate.
∗
Log-rank test.
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the log-rank test. Survival duration wasmeasured inmonths from
the point of gastric resection. Any variables that were significant
at a P value of less than 0.5 in Kaplan–Meier analysis were
entered into a Cox proportional hazard model. Data analysis was
performed using the SPSS software (version 12.0; SPSS, Chicago,
IL). The critical P value for significance was set at 0.05.

3. Results

3.1. Demographic and clinicopathologic characteristics

The median follow-up time was 69.7 months. The baseline
characteristics of enrolled patients are listed in Table 2. A total of
3929 patients with a median age of 59 years (range: 18–91) were
2623). About half of the patients had tumors located in the lower
3rd of the stomach (52.4%, n=2048).
On pathology, most patients were in stage pT1 (48.1%, n=

1887) and 22.6% of patients (n=886) were stage pT2. Tumor
size ranged from 0.1 to 34cm, with a median of 3.7cm and a
mean of 4.4±3.04cm. Of 3878 patients, 1783 (45.9%) had
differentiated-type histology. The mean numbers of retrieved
lymph nodes and metastatic lymph nodes were 41.2±16.5 and
3.22±6.8, respectively. Based on the 7th edition of the AJCC
staging system, patients with N0 were the most frequent (n=
2336, 59.4%).
Table 2 shows 5-year survival rates according to clinicopatho-

logic characteristics and the 3 nodal staging systems. Male
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gender, age ≥60 years, tumor size, histologic type, tumor correlated with pN and rN (data not shown), but the correlation

Table 3

Three steps multivariate analysis of overall survival.

Multivariate analysis model 1 Multivariate analysis model 2 Multivariate analysis model 3

HR 95% CI P HR 95% CI P HR 95% CI P

Sex (female) 0.838 0.736–0.955 0.008 0.871 0.765–0.991 0.036 0.875 0.768–0.996 0.043
Age (≥60) 1.951 1.727–2.208 <0.001 1.950 1.726–2.202 <0.001 1.890 1.673–2.135 <0.001
Tumor location
Upper 1
Middle 1.041 0.848–1.277 0.700
Lower 1.100 0.905–1.336 0.339
Whole 2.145 1.206–3.815 0.009

Tumor size
�2 1 1
>2 and �3 0.988 0.761–1.283 0.928 0.980 0.755–1.272 0.878
>3 and �5 1.111 0.872–1.416 0.395 1.103 0.866–1.403 0.427
>5 1.299 1.015–1.661 0.037 1.275 0.999–1.626 0.051

Tumor depth
T1 1 1 1
T2 1.825 1.512–2.203 <0.001 1.753 1.483–2.137 <0.001 1.710 1.406–2.080 <0.001
T3 2.014 1.572–2.580 <0.001 1.987 1.542–2.560 <0.001 1.924 1.497–2.472 <0.001
T4a 3.525 2.862–4.342 <0.001 3.100 2.481–3.875 <0.001 3.075 2.469–3.829 <0.001
T4b 6.340 4.473–8.984 <0.001 5.496 3.827–7.895 <0.001 5.470 3.785–7.811 <0.001

Total number of lymph node retrieved
>15 0.051 0.378–0.663 <0.001 0.606 0.458–0.801 <0.001
pN
pN0 1
pN1 1.229 1.000–1.510 0.050
pN2 1.768 1.445–2.163 <0.001
pN3a 2.832 2.323–3.452 <0.001
pN3b 5.373 4.341–6.651 <0.001

Multivariate analysis 1 Multivariate analysis 2 Multivariate analysis 3

HR 95% CI P HR 95% CI P HR 95% CI P

rN
rN0 1
rN1 1.183 0.979–1.429 0.082
rN2 2.111 1.714–2.600 <0.001
rN3 2.555 2.022–3.229 <0.001
rN4 4.650 3.811–5.674 <0.001

LODDS
LODDS1 1
LODDS2 1.320 1.102–1.582 0.003
LODDS3 1.547 1.187–2.017 0.001
LODDS4 2.733 2.269–3.291 <0.001
LODDS5 5.809 4.681–7.209 <0.001

CI= confidence interval, HR=hazard ratio, LODDS= log odds of positive lymph nodes, pN=pathologic nodal, rN= lymph node ratio.
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location, total number of nodes retrieved, tumor depth, and the
aforementioned 3 nodal staging system were correlated signifi-
cantly with 5-year survival. Multivariate Cox analysis adjusted
for significant factors in the univariate analysis was used to assess
the association of survival with pN stage (model 1), rN (model 2),
and LODDS (model 3), separately. In models 1–3, all 3 staging
systems were significantly correlated with survival (Table 3).
Interestingly, the total number of lymph nodes retrieved was not
predictive of survival in multivariate analysis, including the
LODDS system (model 3).
3.2. Distribution of LODDS according to metastatic lymph
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nodes and rN classifications

Figure 1 shows the relationship between LODDS and the other 2
systems. Spearman correlation test showed that LODDS
was not linear. Particularly, patients with pN0 or rN1 were
divided by LODDS classification, suggesting that the LODDS
system could discriminate among patients with identical pN and
rN classifications but with different prognoses. Previous studies
demonstrated that these patients could benefit from the LODDS
system because patients with identical pN0 or rN1 stages have
different prognoses according to their total numbers of retrieved
nodes.[12,17–20]

3.3. Correlation between total number of retrieved lymph
node and the three staging systems

Spearman correlation test (Table 4) was used to evaluate the
relations between the total numbers of retrieved lymph nodes and
each staging system. Previous studies demonstrated that the
number of harvested nodes influences the number of metastatic



lymph nodes, but not LODDS. However, in the present study there rN2. However, for patients with LODDS 4, survival rates were

Figure 1. Scatter plots of the associations between LODDS and absolute numbers of metastatic lymph nodes (A) or rN (B). LODDS= log odds of positive lymph
nodes, rN= lymph node ratio.
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were no significant correlations between each staging system and the
number of retrieved lymphnodes (all coefficients ørø<0.3,P<0.001).
3.4. Comparison of overall survival using the 3 staging

systems

Table 5 shows 5-year survival rates according to pN and rN
classification stratified by LODDS. When stratified by the
LODDS system, significant differences in survival were observed
among patients in each pN and rN stage, with the exception of
Table 4

Correlation between of the number of lymph node retrieved and eac

pN

Sample size 3929
Coefficient r 0.241
P <0.001

Correlation coefficient; ørø<0.3: no correlation; 0.3� ørø<0.5: low correlation; 0.3� ørø<0.5: moderate
rN= lymph node ratio.

Table 5

Overall survival rates with different pathologic nodal stage and lymph n
nodes staging system.

LODDS1 LODDS2 LODDS

No 5-YSR No 5-YSR No

pN classification
pN0 1847 93.9 465 87.7 6
pN1 3 100 435 82.0 61
pN2 � 96 74.8 145
pN3a � � 14
pN3b � � �
P† 0.444 0.068

rN classification
rN0 1847 93.9 465 87.7 6
rN1 3 100 534 80.8 185
rN2 � � 35
rN3 � � �
rN4 � � �
P‡ 0.444 0.078

LODDS= log of positive lymph nodes, No=number of patients, pN=pathologic nodal, rN= lymph node
∗
Comparison of 5-YSRs between different LODDS classification.

† Comparison of 5-YSRs between different pN classification.
‡ Comparison of 5-YSRs between different rN classification.
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not homogenous when stratified by pN and rN classifications.
The corresponding areas under the curve (AUC) for pN, rN, and
LODDS were 0.728 (95% CI 0.709–0.747), 0.732 (95% CI
0.713–0.751), and 0.746 (95% CI 0.727–0.746), respectively,
with no significant differences (P>0.05) (Fig. 2).

3.5. TNM, TRM, and TLM

We developed the TRM and TLM systems by replacing the pN
stage with rN or LODDS. In these new systems, survival analysis
h staging system.

rN LODDS

3926 3926
0.042 �0.099
0.009 <0.001

correlation; 0.8� ørø: high correlation. LODDS= log of positive lymph nodes, pN=pathologic nodal,

ode ratio classifications stratified by the log odds of positive lymph

3 LODDS4 LODDS5

5-YSR No 5-YSR No 5-YSR P
∗

83.3 10 78.8 7 85.7 0.001
76.8 18 59.9 2 50.0 0.008
71.0 189 60.6 5 0 <0.001
77.9 329 48.3 54 26.9 <0.001

63 47.3 179 15.3 <0.001
0.917 0.009 0.087

83.3 10 78.8 7 85.7 0.001
75.7 4 75.0 � 0.015
58.8 308 59.0 � 0.926

193 49.8 � �
94 36.8 240 18.0 <0.001

0.292 0.001 0.077

ratio, YSR= year survival rate.

http://www.medicine.com


using the Kaplan–Meier method showed that TRM or TLM was of harvested nodes are identical, the odds would also be identical,

Figure 2. ROC curves of pN, rN, and LODDS for predicting survival. LODDS=
log odds of positive lymph nodes, pN=pathologic nodal, rN= lymph node
ratio, ROC= receiver operating characteristic.

Figure 4. Efficacy of the TLM system in terms of predicting survival of TNM
stage IA patients. LODDS= log odds of positive lymph nodes, TLM= tumor
LODDS metastasis, TNM= tumor node metastasis.

Lee et al. Medicine (2016) 95:25 Medicine
also effective in predicting the prognosis of patients with GC
(Fig. 3). We examined the prognostic effect of the TLM system
only in patients with TNM stage IA (Fig. 4). The TLM system
enabled discrimination of prognosis among patients with TNM
stage IA (P<0.001). This subgroup included only 4 patients with
TLM stage IIA; 3 of these 4 patients were censored during the
study period.

4. Discussion

Recently, many studies have attempted to develop novel staging
systems, such as the ratio-based (rN)[8–11] and LODDS[12,17–21]

classification systems, the latter of which was employed in a study
of breast, colorectal, and GC.[23–26] However, controversy
regarding whether these new classification systems are superior
to the number-based classification system remains.
Odds are a numerical expression that predicts probability and

are usually used in gambling and statistics. The hypothesis that
LODDS is superior to rN systems is based on its ability to
discriminate survival among patients with the same rN.
Theoretically, if the rNs of 2 patients with different numbers
Figure 3. Efficacy of the TNM (A), TRM (B), and TLM (C) systems in terms of predic
lymph nodes, rN= lymph node ratio, TLM= tumor LODDS metastasis, TNM= tum
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for example, if the rN is 0.5, odds would be 1 regardless of the
number of lymph nodes retrieved. The reason that LODDS could
discriminate survival among patients with same the rN is that 0.5
was added to both the denominator and numerator to avoid
singularity. In this manner, negative lymph nodes are included in
assessment of prognosis, even in patients with rN0.
The most important reason for developing another lymph node

staging system beyond the absolute number of metastatic nodes
(pN) is that stagemigration usually occurs due to the small number
of lymph nodes retrieved. In a recent study with 2935 Korean
patients, the mean number of examined lymph nodes was 42.[27]

A comparison study showed that only 3% of Korean patients
had fewer than 15 retrieved lymph nodes, compared to 22% of
US patients.[28] In the current study, we evaluated whether the rN
or LODDS system would be superior to the conventional pN
system in Korean patients who underwent extensive lymph node
dissection.
Univariate and multivariate analysis using the Kaplan–Meier

method showed that the pN, rN, and LODDS systems were
significant prognostic factors in terms of survival. To determine
whether the LODDS classification system is superior to the other
ting survival of GC patients. GC=gastric cancer, LODDS= log odds of positive
or node metastasis, TRM= tumor rN metastasis.



systems, we analyzed survival of patients with each pN and rN [7] Lee HK, Yang HK, Kim WH, et al. Influence of the number of lymph

Table 6

Comparison of lymph node status between present and previous study.

References Retrieved LN (Mean±SD) Retrieved LN<16 (%) Positive LN (Mean±SD) pN0 and rN0 (%)

Sun et al[12] 21.6±12.8 37.5 4.1±6.6 54.2
Qiu et al[17] 17.0±11.4 21.6 7.8±5.0 36.6
Wang et al[18] 12.4±10.5 71.4 4.2±6.4 35.9
Liu et al[19] 23.2±8.3 � 5.0±4.7 31.5
Xu et al[20] � 65.1 � 32.6
Aullero et al[21] 26.4±12.0 15.8 � 42.7
Present study 41.2±16.5 3.7 3.2±6.8 59.4

LN= lymph node, pN=pathologic nodal, rN= lymph node ratio, SD= standard deviation.
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classification stratified by LODDS. When stratified by LODDS,
significant differences were observed for patients with each pN
and rN, with the exception of rN2; however, survival in patients
with LODDS 4 was heterogeneous when stratified by the pN and
rN classifications. These results suggested that the use of LODDS
may facilitate more accurate staging for prognosis and that it is
superior to other systems, although the receiver operating
characteristic (ROC)-AUC curve showed that the 3 staging
systems did not differ significantly in terms of predicting survival.
The results of the present study are consistent with those of
previous studies that focused on patients with an inadequate
number of lymph nodes harvested.
This study has several limitations that should be considered. On

the one hand, it was a nonrandomized, retrospective, single-center
study. On the other hand, the optimal cutoff points could only
predict prognosis. Due to the lack of a separate validation set, the
predictive power of the LODDS system could not be evaluated.
Therefore, large-scale and prospective multicenter studies are
needed. However, the mean number of retrieved lymph nodes in
our study was greater than those used in previous studies, and the
proportionof patientswith<16harvested lymphnodeswas3.7%,
which was lower than in previous studies (Table 6).
In conclusion, LODDS is independently and significantly

associated with overall survival in patients with GC, and its
prognostic value is superior to those of two other lymph node
staging systems in Korean patients. LODDSmay be incorporated
into the GC staging system if these results are confirmed by other
studies.
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