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Background: Accurate staging plays a pivotal role in cancer care. The lymph node (LN) ratio (LNR) and 
the log odds of positive LNs (LODDS) have been suggested as alternatives to the N staging since the TNM 
system has the risk of stage migration. The prognostic significance of LNR and LODDS in young patients 
with gastric cancer (GC) has not been reported. This study aims to investigate the correlations between 
LNR and LODDS and survival of young patients with GC, and compare the predictive performance of these 
LN staging methods.
Methods: GC patients before the age of 40 from 2004 to 2016 in the Surveillance, Epidemiology and End 
Results database were enrolled. The prognostic evaluation of the N factor, LNR and LODDS was compared 
using the time-dependent receiver operating characteristic (ROC) analysis, area under the curve (AUC), 
C-index and Akaike information criterion (AIC).
Results: Multivariate survival analysis identified that the LNR and LODDS were significantly independent 
prognostic indicators for overall survival (OS) in young patients with GC and in the subgroups comprised 
of patients with ≤15 LNs examined. The time-dependent ROC curves of the LNR and LODDS were 
continuously superior to that of the N factor in predicting OS during the observation period. And the AUCs 
revealed that the predictive accuracy of the LNR and LODDS was remarkably superior to the N factor at  
1 and 3 years (P<0.05). The model incorporating LNR or LODDS had higher C-index and lower AIC when 
comparing to the model incorporating the N factor.
Conclusions: The LNR and LODDS improve accuracy of survival risk prediction in young patients with 
GC when comparing to the N factor. These two novel LN classification methods should be considered as 
alternatives to the N staging for the prognostic prediction of young patients with GC.
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Introduction

Gastric cancer (GC) ranks as the fifth most frequent 
malignancy worldwide, and is the fourth main cause of cancer-
related deaths (1). GC is generally considered to be an age-
related disease. Although most GC patients are middle-aged 
and elderly, there has been reported a rising trend recently in 
young cases (2,3). The definitions of GC in young patients 
were quite inconsistent among studies. Most literatures 
defined young age as below 40 (4-7) or 45 years (8-10), while 
others used 30 (11,12), 50 (13,14), 60 (15) or even 70 (16). 
With different age criterion used, young subjects accounted 
for 2–31% of all GC cases (10,17-19). Accumulating studies 
have found that young patients with GC tended to have 
higher rates of female sex, and were more prone to have 
aggressive biological features, including diffuse or signet-
ring histology, poorly differentiated lesions, advanced tumor 
stage, and frequent nodal involvement (6,9,20-22). Despite 
a favorable general condition, organ function and tolerance 
to treatment in young GC patients, a large proportion of 
them may have no alarm symptoms, contributing to delay in 
diagnosis and a poor clinical outcome. Young patients with 
GC face unique challenges including differences in tumor 
biological characteristics and variations in effectiveness and 
safety of treatment (9,23,24). Meanwhile, considerations about 
fertility preservation and early death need to be taken into 
in such special population. Thus, an effective and practical 
scoring system for accurate prognostic prediction and optimal 
treatment is of vital significance with respect to these patients.

Accurate staging plays a pivotal role in cancer care. It 
could reflect the extent of tumors, determine treatment 
options, predict prognosis, and enable different countries 
and institutions to compare patient cohorts. Currently, the 
American Joint Committee on Cancer (AJCC) TNM staging 
is the universally accepted system in cancer, which is based on 
the depth of the primary tumor invasion (T stage), the number 
of metastatic lymph nodes (N stage) and the status of distant 
metastasis (M stage) (25-27). However, the current existing 
TNM staging is subject to the risk of stage migration when 
using the N category (26,28-31). Stage migration, so-called 
Will Rogers phenomenon, refers to instances in which judgement 
of an insufficient count of lymph nodes (LNs) removed results 
in understaging and subsequent underestimation of disease 
severity (32). In GC, the AJCC staging system recommends 
that at least 15 LNs should be examined for an accurate 
estimation of N stage (26). To minimize the bias caused by an 
insufficient count of harvested LNs and stage migration, the 
lymph node ratio (LNR) (33-39) and the log odds of positive 

LNs (LODDS) have been proposed (40,41). The former is 
calculated by dividing the count of metastatic LNs by the sum 
of examined LNs, while the latter is defined as the logarithm 
of the ratio between positive nodes and negative nodes. 
Extensive studies have reported superior predictive values 
of the LNR and LODDS when compared with the present 
N stage using only a metastatic LN count, and considered 
these two novel LN staging methods as alternatives to the N 
stage (33-41). However, findings for the role of the LNR and 
LODDS in young patients with GC have not been reported.

The Surveillance, Epidemiology, and End Results 
(SEER) database is an US National Cancer Institute’s open-
access public database with an annual update. It captures 
a wide variety of demographic and clinical data as well as 
data on treatment and survival from 18 established cancer 
registries covering about 34.6% of the US population. In 
this study, we aimed to investigate the correlations between 
different LN classification methods (AJCC N stage, LNR 
and LODDS) and survival of young patients with GC, and 
compare the predictive performance of these three LN 
staging methods through reviewing data obtained from the 
SEER dataset.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-185).

Methods 

Study population

Our design was a population-based and retrospective 
study. In this study, GC in young patients was defined as 
that manifesting before 40 years old, as was indicated by 
previous studies (4-7). From 2004 to 2016, young patients 
with GC patients who were histologically proven diagnosed 
were included. We used the International Classification 
of Diseases for Oncology, 3rd Edition (ICD-O-3) to 
determine the tumor sites (C16.0-C16.6, C16.8, C16.9) and 
histological types (8010-8231, 8255-8576). The exclusion 
criteria were the following: (I) patients with record of 
previous malignant disease before being diagnosed with GC; 
(II) patients without histopathologic diagnosis or diagnosed 
only at autopsy or via death certificate; (III) patients without 
important clinicopathological information (tumor size =0 
or T stage = T0/blank); (IV) patients with incomplete or 
inaccessible follow-up; (V) unknown surgery information or 
patients without surgery; (VI) zero or unknown examined 
lymph nodes; (VII) unknown positive lymph nodes; (VIII) 
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patients with neoadjuvant radiation therapy. SEER*Stat 
software version 8.3.8 (https://www.seer.cancer.gov/seerstat) 
was applied to extract the data and construct the case listing. 
A total of 738 patients were included in the study. Figure 1 
showed the detailed workflow process for patient selection. 
The SEER database is an open-access cancer database that 
only contains de-identified patient data. Therefore, this 
study was exempted from the approval by the institutional 
review board of the First Affiliated Hospital of Sun Yat-sen 
University.

For each patient, the demographic characteristics 
(including age at diagnosis, race, gender, marital status 
and insurance), tumor and treatment features (including 
tumor location, grade, histology type, tumor size, the 
number of examined LNs, T stage, N stage, M stage, 
surgery, chemotherapy, and radiotherapy), and follow-up 
information (including survival status, survival time and 
cause of death) were acquired. Primary tumor sites in this 
study were classified into four categories: cardia (C16.0), 
middle site (C16.1, C16.2, C16.5, C16.6), distal site (C16.3, 
C16.4), as well as overlapping or not otherwise specified 
(NOS) (C16.8, C16.9). We divided histology types into 
three categories: diffuse type (8020, 8021, 8022, 8142, 8145, 
8490), intestinal type (8140, 8144, 8210, 8211, 8260, 8480, 
8481), and other type (8010, 8032, 8033, 8041, 8071, 8255, 
8560, 8576). The final follow-up evaluation was conducted 
in December 31, 2016. The outcome in this study was 
overall survival (OS), defined as the period from the time 

of initial diagnosis to the time of death from any cause or 
survive at last follow-up.

Definition of lymph node ratio and log odds of positive 
lymph nodes

The LNR was calculated by dividing the count of positive 
LNs by the sum of corresponding examined LNs in the 
SEER database. The LODDS was defined as log10[(positive 
LNs+0.5)/(negative LNs+0.5)]. We added 0.5 to both 
the denominator and the numerator to avoid singularity. 
Although the SEER program recorded the types of 
gastrectomy performed on some patients, such as total or 
subtotal/partial gastrectomy, there were still quite a few 
cases without detailed types of gastric resection. What we 
could obtain from the SEER was the sum of lymph nodes 
which were removed and examined by the pathologist (the 
examined LNs), as well as the exact number of lymph nodes 
that had metastasized (the positive LNs). In this study, 
the optimal cutoff levels for LNR and LODDS were 0.36 
and −0.28, respectively, which were derived using X-tile 
software (Yale University, New Haven, CT, USA) (42). All 
the patients were further categorized into the pathologically 
negative lymph node metastasis group (N0, pN−) and 
pathologically positive lymph node metastasis group 
(N1-3, pN+), the low LNR (≤0.36, L-LNR) group and 
the high LNR (>0.36, H-LNR) group, the low LODDS 
(≤−0.28, L-LODDS) group and the high LODDS (>−0.28, 
H-LODDS) group.

Statistical analysis

Continuous variables were presented as medians and 
interquartile ranges (IQR), while categorical variables 
were presented as the number and the percentage (N, %). 
Correlations between continuous variables were assessed 
via the Kruskal-Wallis analysis, and categorical variables 
were analyzed using the Chi-square or Fisher’s exact test. 
Survival curves were plotted using Kaplan-Meier method 
and analyzed by log-rank test. Univariate and multivariate 
survival analyses were conducted using the Cox proportional 
hazards regression model. The hazard ratios (HRs) and 
95% confidence intervals (CIs) were shown. Variables that 
obviously influenced survival in univariate analysis were 
entered into multivariate analysis to identify prognostic 
indicators. The predictive performance of AJCC N factor, 
LNR and LODDS were assessed by time-dependent 
receiver operating characteristic (ROC) curves (43,44) and 

Patients diagnosed with gastric cancer before the age 
of 40 between 2004 and 2016 in SEER database

n=2,632

Patients in analysis 
n=738

Patients excluded: n=1,894
Other malignancy before diagnosis: n=115
Diagnosed without pathological diagnosis: n=25
T stage=T0/blank or tumor size =0: n=220
Survival months =0/unknown: n=149
Surgery information unknown or without surgery: n=1,205
The number of examined lymph nodes =0/unknown: n=108
The number of positive lymph nodes unknown: n=1
Neoadjuvant radiation therapy: n=71

Figure 1 Flowchart for selection procedure of young patients with 
gastric cancer from Surveillance, Epidemiology and End Results 
(SEER) database.

https://www.seer.cancer.gov/seerstat
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area under the curve (AUC). The Harrell’s concordance 
index (C-index) and Akaike information criterion (AIC) 
were calculated to identify the predictive accuracy and 
discriminating superiority of different multivariate 
prediction models incorporating AJCC N factor, LNR and 
LODDS, respectively. A higher C-index and a lower AIC 
indicated a better predictive accuracy. Statistical analyses 
were performed using SPSS software version 20.0 (Chicago, 
IL, USA) and R software version 3.6.1 (https://www.
r-project.org/). All analyses were two-tailed, and statistical 
significant levels were set at P-value <0.05.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results 

Clinicopathological characteristics

Totally, 738 young patients with pathologically confirmed 
GC were eligible for the final analysis. The median age of 
the all cases was 36 years (IQR: 32–39 years), 47.7% of the 
patients were men (N=352), 52.3% were women (N=386). 
Caucasians accounted for a large proportion of the cohort 
(65.1%, N=480), and more than half of patients were 
married (59.0%, N=435). 80.7% of the tumors were poorly 
differentiated (N=595), and the most common histology 
type was diffuse (59.2%, N=437). The median number of 
examined LNs was 17 (IQR: 11–27 LNs), 43.5% of the 
patients were with 15 or fewer examined LNs (N=321), 
56.5% were with 16 or more examined LNs (N=417). Table 1  
showed the demographic and clinicopathological features of 
the study cohort.

Clinicopathological findings

The correlations between clinicopathological factors and the 
AJCC N factor, LNR, and LODDS were listed in Table 1. 
There were 207 patients (28.0%) in the pN− group and 531 
patients (72.0%) in the pN+ group, 452 patients (61.2%) in 
the L-LNR group and 286 (38.8%) patients in the H-LNR 
group, 442 patients (59.9%) in the L-LODDS group and 
296 patients (40.1%) in the H-LODDS group. The positive 
LN metastasis and increased LNR and LODDS were 
significantly correlated with insurance (P=0.006, P=0.001, 
P=0.001), a higher degree of differentiated type (P<0.001, 
P=0.047, P=0.022), a larger tumor size (all P<0.001), an 
advanced T stage (all P<0.001), distant metastasis (all 
P<0.001), and administration of chemotherapy (P<0.001, 

P=0.001, P=0.001). The positive LN metastasis showed a 
significant correlation with the marital status (P=0.004) and 
administration of radiotherapy (P<0.001). The increased 
LNR and LODDS were correlated with tumor subsites 
(P<0.001, P=0.002).

The positive LN metastasis was correlated with a 
higher number of total LNs examined (P<0.001), while 
the increased LNR and LODDS showed significant 
correlations with a lower number of total LNs examined 
(P=0.001, P=0.001). Furthermore, the AJCC N factor 
showed a significant correlation (P<0.001) when the all 
patients were divided into either the ≤15 total LNs group or 
the >15 total LNs group, yet LNR and LODDS showed no 
remarkable differences.

Survival analysis

The median survival time was 29 months, while that of the 
quartile was 12–68 months. Among the 738 young patients 
with GC, 403 (54.6%) succumbed to all causes of death, 
including 380 patients (51.5%) who had cancer-specific 
death and 23 (3.1%) who died from non-cancer-related 
causes.

The influences of the three different LN staging methods 
on OS of the study cohort were presented in Figure 2 using 
the Kaplan-Meier method. The 5-year OS rates for pN− 
group were 0.769, 0.305 for pN+ group, with a remarkable 
distinction (P<0.001) (Figure 2A). The 5-year OS rates for 
L-LNR group were 0.598, 0.179 for H-LNR group, with 
a statistical difference (P<0.001) (Figure 2B). Similarly, the 
5-year OS rates for L-LODDS group were 0.613, 0.175 for 
H-LODDS group, with a statistically prominent difference 
(P<0.001) (Figure 2C).

Univariate survival analysis identified a series of factors 
including the race, tumor subsites, tumor size, T stage, 
AJCC N factor, LNR, LODDS, M stage, together with 
chemotherapy to be predictors for OS (Table 2). The 
variables that remarkably influenced survival in univariate 
analysis were investigated using the Cox regression model 
for multivariate analysis. Multivariate analysis demonstrated 
that the N factor (HR =1.766, 95% CI: 1.274–2.449, 
P=0.001), LNR (HR =1.886, 95% CI: 1.518–2.342, 
P<0.001) and LODDS (HR =1.939, 95% CI: 1.559–2.410, 
P<0.001) were independent prognostic indicators.

Time-dependent ROC curve analysis

The time-dependent ROC curves were constructed to 

https://www.r-project.org/
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Table 1 Patients’ clinicopathological characteristics and associations with the AJCC N factor, LNR and LODDS

Characteristics All case
AJCC N factor LNR LODDS

pN− (N0) pN+ (N1–3) P L-LNR H-LNR P L-LODDS H-LODDS P

Cases 738 207 531 452 286 442 296

Age

Median (IQR) 36 (32–39) 36 (32–39) 36 (32–38) 0.553 36 (32–39) 36 (32–38) 0.213 36 (32–39) 36 (32–38.8) 0.203

Race

White 480 (65.1) 129 (62.3) 351 (66.1) 0.368 288 (63.7) 192 (67.1) 0.573 284 (64.3) 196 (66.2) 0.684

Black 94 (12.7) 32 (15.5) 62 (11.7) 58 (12.8) 36 (12.6) 55 (12.4) 39 (13.2)

Others†/NOS 164 (22.2) 46 (22.2) 118 (22.2) 106 (23.5) 58 (20.3) 103 (23.3) 61 (20.6)

Gender

Male 352 (47.7) 96 (46.4) 256 (48.2) 0.654 210 (46.5) 142 (49.7) 0.398 205 (46.4) 147 (49.7) 0.382

Female 386 (52.3) 111 (53.6) 275 (51.8) 242 (53.5) 144 (50.3) 237 (53.6) 149 (50.3)

Insurance

Yes 481 (65.2) 151 (72.9) 330 (62.1) 0.006* 320 (70.8) 161 (56.3) <0.001* 316 (71.5) 165 (55.7) <0.001*

No/unknown 257 (34.8) 56 (27.1) 201 (37.9) 132 (29.2) 125 (43.7) 126 (28.5) 131 (44.3)

Marital status

Married 435 (59.0) 107 (51.7) 328 (61.8) 0.004* 262 (58.0) 173 (60.5) 0.825 258 (58.4) 177 (59.8) 0.969

Single 246 (33.3) 75 (36.2) 171 (32.2) 155 (34.3) 91 (31.9) 150 (33.9) 96 (32.4)

Separated/divorced/
widowed

36 (4.9) 13 (6.3) 23 (4.3) 21 (4.6) 15 (5.2) 21 (4.8) 15 (5.1)

NOS 21 (2.8) 12 (5.8) 9 (1.7) 14 (3.1) 7 (2.4) 13 (2.9) 8 (2.7)

Tumor subsites

Cardia 110 (14.9) 26 (12.6) 84 (15.8) 0.183 69 (15.3) 41 (14.3) <0.001* 68 (15.4) 42 (14.2) 0.002*

Middle 223 (30.2) 71 (34.3) 152 (28.6) 151 (33.4) 72 (25.2) 146 (33.0) 77 (26.0)

Distal 268 (36.3) 71 (34.3) 167 (31.5) 153 (33.8) 85 (29.7) 149 (33.7) 89 (30.1)

Overlapping/NOS 167 (22.6) 39 (18.8) 128 (24.1) 79 (17.5) 88 (30.8) 79 (17.9) 88 (29.7)

Differentiation

Well differentiated 9 (1.2) 6 (2.9) 3 (0.6) <0.001* 9 (2.0) 0 0.047* 9 (2.0) 0 0.022*

Moderately 
differentiated

71 (9.6) 26 (12.6) 45 (8.4) 50 (11.1) 21 (7.3) 50 (11.3) 21 (7.1)

Poorly differentiated 595 (80.7) 149 (72.0) 446 (84.0) 355 (78.5) 240 (83.9) 346 (78.3) 249 (84.1)

Undifferentiated 26 (3.5) 5 (2.4) 21 (4.0) 14 (3.1) 12 (4.2) 13 (3.0) 13 (4.4)

Unknown 37 (5.0) 21 (10.1) 16 (3.0) 24 (5.3) 13 (4.6) 24 (5.4) 13 (4.4)

Histological type

Diffuse 437 (59.2) 131 (63.3) 306 (57.6) 0.217 267 (59.1) 170 (59.4) 0.611 260 (58.8) 177 (59.8) 0.673

Intestinal 264 (35.8) 64 (30.9) 200 (37.7) 165 (36.5) 99 (34.6) 162 (36.7) 102 (34.5)

Other 37 (5.0) 12 (5.8) 25 (4.7) 20 (4.4) 17 (6.0) 20 (4.5) 17 (5.7)

Table 1 (continued)



1290 Chen et al. LNR and LODDS in young gastric cancer

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(4):1285-1300 | https://dx.doi.org/10.21037/jgo-21-185

Table 1 (continued)

Characteristics All case
AJCC N factor LNR LODDS

pN− (N0) pN+ (N1–3) P L-LNR H-LNR P L-LODDS H-LODDS P

Tumor size

<1 cm 45 (6.1) 41 (19.8) 4 (0.8) <0.001* 44 (9.7) 1 (0.3) <0.001* 44 (10.0) 1 (0.3) <0.001*

1–2 cm 51 (6.9) 33 (15.9) 18 (3.4) 45 (10.0) 6 (2.1) 45 (10.2) 6 (2.0)

2–3 cm 69 (9.4) 29 (14.0) 40 (7.5) 55 (12.2) 14 (4.9) 55 (12.4) 14 (4.7)

3–4 cm 88 (11.9) 16 (7.7) 72 (13.6) 57 (12.6) 31 (10.9) 55 (12.4) 33 (11.2)

4–5 cm 70 (9.5) 13 (6.3) 57 (10.7) 41 (9.1) 29 (10.1) 40 (9.0) 30 (10.2)

≥5 cm 319 (43.2) 38 (18.4) 281 (52.9) 145 (32.1) 174 (60.8) 139 (31.5) 180 (60.8)

NOS 96 (13.0) 37 (17.9) 59 (11.1) 65 (14.3) 31 (10.9) 64 (14.5) 32 (10.8)

The median number 
of total LNs examined, 
median (IQR)

17 (11–27) 14 (8–23) 18 (12–27) <0.001* 18 (11–29) 16 (10–23) 0.001* 18 (11–29) 16 (10–23) 0.001*

The number of total LNs 
examined

≤15 321 (43.5) 117 (56.5) 204 (38.4) <0.001* 186 (41.2) 135 (47.2) 0.106 181 (41.0) 140 (47.3) 0.088

>15 417 (56.5) 90 (43.5) 327 (61.6) 266 (58.8) 151 (52.8) 261 (59.0) 156 (52.7)

T stage

T1 118 (16.0) 101 (48.8) 17 (3.2) <0.001* 117 (25.8) 1 (0.3) <0.001* 117 (26.5) 1 (0.3) <0.001*

T2 185 (25.1) 46 (22.2) 139 (26.2) 121 (26.8) 64 (22.4) 121 (27.4) 64 (21.6)

T3 239 (32.3) 33 (16.0) 206 (38.7) 121 (26.8) 118 (41.3) 116 (26.2) 123 (41.6)

T4 193 (26.2) 27 (13.0) 166 (31.3) 92 (20.4) 101 (35.3) 87 (19.7) 106 (35.7)

TX 3 (0.4) 0 3 (0.6) 1 (0.2) 2 (0.7) 1 (0.2) 2 (6.8)

M stage

M0 584 (79.1) 191 (92.3) 393 (74.0) <0.001* 398 (88.1) 186 (65.0) <0.001* 391 (88.5) 193 (65.2) <0.001*

M1 154 (20.9) 16 (7.7) 138 (26.0) 54 (11.9) 100 (35.0) 51 (11.5) 103 (34.8)

Chemotherapy

Yes 543 (73.6) 94 (45.4) 449 (84.6) <0.001* 314 (69.5) 229 (80.1) 0.001* 306 (69.2) 237 (80.1) 0.001*

No/unknown 195 (26.4) 113 (54.6) 82 (15.4) 138 (30.5) 57 (19.9) 136 (30.8) 59 (19.9)

Radiotherapy

Yes 293 (39.7) 45 (21.7) 248 (46.7) <0.001* 173 (38.3) 120 (42.0) 0.319 169 (38.2) 124 (41.9) 0.320

No/unknown 445 (60.3) 162 (78.3) 283 (53.3) 279 (61.7) 166 (58.0) 273 (61.8) 172 (58.1)

LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes; NOS, not otherwise specified; LN, lymph node. *, indicate 
significant P values. †, Others, American Indian/AK Native, Asian/Pacific Islander.
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Figure 2 Kaplan-Meier analysis for overall survival of young gastric cancer patients in the negative and positive lymph node metastasis 
groups (A), low and high lymph node ratio groups (B), and low and high log odds of positive lymph nodes groups (C). The AJCC N factor, 
LNR and LODDS were significantly associated with overall survival (all P<0.001). LNR, lymph node ratio; LODDS, log odds of positive 
lymph nodes.

Table 2 Univariate and multivariate Cox proportional hazards regression analyses for OS

Factors
Univariate analysis Multivariate analysis‡ Multivariate analysis§ Multivariate analysis¶ 

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age 0.996  
(0.978–1.015)

0.711

Race

White Reference Reference Reference Reference

Black 1.096  
(0.825–1.456)

0.528 1.216  
(0.910–1.625)

0.186 1.187  
(0.888–1.585)

0.247 1.146  
(0.858–1.531)

0.357

Others†/NOS 0.719  
(0.559–0.926)

0.011* 0.723  
(0.558–0.937)

0.014* 0.729  
(0.563–0.945)

0.017* 0.724  
(0.559–0.938)

0.015*

Gender

Male Reference

Female 1.085  
(0.892–1.320)

0.416

Insurance

Yes Reference

No/unknown 1.034  
(0.843–1.268)

0.750

Marital status

Married Reference

Single 1.098  
(0.888–1.358)

0.390

Separated/divorced/
widowed

0.990  
(0.621–1.579)

0.967

Table 2 (continued)
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Table 2 (continued)

Factors
Univariate analysis Multivariate analysis‡ Multivariate analysis§ Multivariate analysis¶ 

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

NOS 0.636  
(0.300–1.348)

0.238

Tumor subsites

Cardia Reference Reference Reference Reference

Middle 0.864  
(0.630–1.185)

0.364 0.735  
(0.527–1.023)

0.068 0.712  
(0.512–0.990)

0.044* 0.700  
(0.503–0.974)

0.034*

Distal 0.943  
(0.694–1.281)

0.705 0.786  
(0.571–1.081)

0.139 0.759  
(0.553–1.042)

0.088 0.755  
(0.550–1.038)

0.083

Overlapping/NOS 1.649  
(1.207–2.253)

0.002* 1.101  
(0.790–1.535)

0.569 0.944  
(0.676–1.319)

0.736 0.948  
(0.679–1.324)

0.753

Differentiation

Well differentiated Reference

Moderately 
differentiated

2.045  
(0.491–8.524)

0.326

Poorly differentiated 3.006  
(0.749–12.073)

0.121

Undifferentiated 3.854  
(0.885–16.772)

0.072

Unknown 2.077  
(0.480–8.993)

0.328

Histological type

Diffuse Reference

Intestinal 0.850  
(0.690–1.049)

0.130

Other 0.649  
(0.391–1.076)

0.094

Tumor size

<1 cm Reference Reference Reference Reference

1–2 cm 2.170  
(0.834–5.647)

0.112 0.934  
(0.343–2.547)

0.894 1.041  
(0.382–2.833)

0.938 1.044  
(0.383–2.844)

0.933

2–3 cm 2.631  
(1.062–6.520)

0.037* 0.646  
(0.241–1.733)

0.386 0.650  
(0.242–1.745)

0.392 0.649  
(0.241–1.746)

0.392

3–4 cm 4.822  
(2.052–11.330)

<0.001* 0.687  
(0.265–1.780)

0.440 0.705  
(0.272–1.824)

0.471 0.687  
(0.265–1.780)

0.440

4–5 cm 7.529  
(3.206–17.679)

<0.001* 1.060  
(0.410–2.740)

0.905 1.078  
(0.416–2.790)

0.877 1.051  
(0.405–2.727)

0.918

≥5 cm 8.387  
(3.725–18.885)

<0.001* 1.006  
(0.403–2.513)

0.989 1.017  
(0.408–2.537)

0.971 0.998  
(0.399–2.494)

0.997

Table 2 (continued)
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Table 2 (continued)

Factors
Univariate analysis Multivariate analysis‡ Multivariate analysis§ Multivariate analysis¶ 

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

NOS 6.196  
(2.665–14.406)

<0.001* 1.034  
(0.407–2.628)

0.943 1.091  
(0.429–2.776)

0.855 1.080  
(0.424–2.751)

0.872

T stage

T1 Reference Reference Reference Reference

T2 8.598  
(4.344–17.018)

<0.001* 8.425  
(3.813–18.617)

<0.001* 9.549  
(4.346–20.984)

<0.001* 9.557  
(4.345–21.021)

<0.001*

T3 14.762  
(7.519–28.982)

<0.001* 11.888  
(5.329–26.519)

<0.001* 13.315  
(6.014–29.480)

<0.001* 13.022  
(5.873–28.872)

<0.001*

T4 23.486  
(11.928–46.243)

<0.001* 17.319  
(7.733–38.784)

<0.001* 20.507  
(9.229–45.565)

<0.001* 20.042  
(9.005–44.609)

<0.001*

TX 18.716  
(4.040–86.711)

<0.001* 17.495  
(3.480–87.947)

0.001* 20.542  
(4.108–102.710)

<0.001* 20.303  
(4.058–101.572)

<0.001*

AJCC N factor

N0 Reference Reference Not applicable Not applicable

N1-3 3.942  
(2.942–5.281)

<0.001* 1.766  
(1.274–2.449)

0.001*

LNR Not applicable Not applicable

L-LNR Reference Reference

H-LNR 3.350  
(2.744–4.088)

<0.001* 1.886  
(1.518–2.342)

<0.001*

LODDS Not applicable Not applicable

L-LODDS Reference Reference

H-LODDS 3.472  
(2.841–4.243)

<0.001* 1.939  
(1.559–2.410)

<0.001*

M stage

M0 Reference Reference Reference Reference

M1 3.929  
(3.177–4.860)

<0.001* 2.681  
(2.144–3.351)

<0.001* 2.477  
(1.973–3.111)

<0.001* 2.485  
(1.979–3.119)

<0.001*

Chemotherapy

Yes Reference Reference Reference Reference

No/unknown 0.666  
(0.522–0.850)

0.001* 1.684  
(1.303–2.178)

<0.001* 1.598  
(1.236–2.065)

<0.001* 1.587  
(1.227–2.051)

<0.001*

Radiotherapy

Yes Reference

No/unknown 1.105  
(0.905–1.348)

0.328

LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes; NOS, not otherwise specified; HR, hazard ratio; CI, confidence 
interval. *, indicate significant P values. †, Others, American Indian/AK Native, Asian/Pacific Islander. ‡, Adjustment for the following 
variables: race, tumor subsites, tumor size, T stage, N stage, M stage, and chemotherapy. §, Adjustment for the following variables: race, 
tumor subsites, tumor size, T stage, LNR, M stage, and chemotherapy. ¶, Adjustment for the following variables: race, tumor subsites, 
tumor size, T stage, LODDS, M stage, and chemotherapy.
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quantify the predictive accuracy of the AJCC N factor, LNR 
and LODDS, and to compare their sequential trends on 
hazard ratios for OS. In the group including all young GC 
patients, the time-dependent ROC curves of both the LNR 
and the LODDS were generally continuously superior to 
that of the N factor in predicting the survival (Figure 3A). 
Additionally, the AUCs generated for survival status at 1 and 
3 years for the LNR and LODDS were significantly superior 
to that of the N factor (AUC values: LNR: 0.694 and 0.698, 

LODDS: 0.703 and 0.701, N factor: 0.628 and 0.657, 
respectively), with a statistical difference (at 1 year: LNR vs. 
N factor: P<0.001, LODDS vs. N factor: P<0.001; at 3 years: 
LNR vs. N factor: P=0.030, LODDS vs. N factor: P=0.019) 
(Table 3). However, at 5 and 10 years, the AUCs for the LNR 
were 0.694 and 0.666, 0.707 and 0.677 for the LODDS, 
0.682 and 0.672 for the N factor, with P>0.05 (Table 3),  
indicating that the predictive accuracy of these three LN 
staging methods at 5 and 10 years was comparable.
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Figure 3 Time-dependent ROC curves for the AJCC N factor, LNR and LODDS in the group including all young gastric cancer patients (A) 
and the group of patients with ≤15 examined lymph nodes (B). The horizontal axis represents the time after initial diagnosis and the vertical 
axis represents the estimated area under the ROC curve for survival at the time of interest. Green, red and blue solid lines represented the 
estimated AUCs of AJCC N factor, LNR and LODDS, respectively. LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.

Table 3 Estimated AUC of AJCC N factor, LNR and LODDS for OS at 1, 3, 5 and 10 years in young patients with gastric cancer

AUC of AJCC N factor (95% CI) AUC of LNR (95% CI) AUC of LODDS (95% CI) P1
† P2

‡

All-case analysis

1 year 0.628 (0.597–0.658) 0.694 (0.652–0.737) 0.703 (0.661–0.745) <0.001* <0.001*

3 years 0.657 (0.624–0.690) 0.698 (0.663–0.733) 0.701 (0.665–0.736) 0.030* 0.019*

5 years 0.682 (0.645–0.720) 0.694 (0.658–0.731) 0.707 (0.671–0.743) 0.548 0.216

10 years 0.672 (0.602–0.741) 0.666 (0.606–0.725) 0.677 (0.617–0.736) 0.858 0.881

In patients with ≤15 examined LNs

1 year 0.643 (0.590–0.696) 0.638 (0.574–0.702) 0.646 (0.582–0.709) 0.867 0.922

3 years 0.675 (0.623–0.728) 0.682 (0.628–0.736) 0.685 (0.631–0.739) 0.792 0.687

5 years 0.726 (0.669–0.782) 0.687 (0.632–0.743) 0.700 (0.644–0.755) 0.128 0.296

10 years 0.695 (0.598–0.793) 0.641 (0.550–0.731) 0.652 (0.561–0.743) 0.156 0.254

AUC, area under the curve; LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes; CI, confidence interval; LN, lymph 
node. *indicate significant P values. †, P1 value: AUC of AJCC N factor vs. AUC of LNR. ‡, P2 value: AUC of AJCC N factor vs. AUC of 
LODDS.
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Comparisons among the three multivariate models 

The C-index, AIC and likelihood ratio χ2 scores were used 
to compare the distinguishing abilities of multivariate 
model 1 (T stage, N factor and M stage), multivariate 
model 2 (T stage, LNR and M stage) and multivariate 
model 3 (T stage, LODDS and M stage), and to identify 
a superior multivariate prediction model (Table 4). In an 
analysis including all young GC patients, the C-index values 
in the model 2 (0.783, 95% CI: 0.759–0.806) and model 3 
(0.783, 95% CI: 0.760–0.807) significantly increased when 
comparing with the model 1 (0.774, 95% CI: 0.749–0.799) 
(model 2 vs. model 1: P=0.042, model 3 vs. model 1: 
P=0.034). Furthermore, the AIC values in the model 2 
(4,584.90) and model 3 (4,582.39) were smaller than that 
in the model 1 (4,614.48). These results indicated that 
incorporating the LNR or LODDS into the multivariate 
model could enable a superior prediction model for survival 
in young patients with GC.

Overall survival in patients with 15 or fewer examined 
lymph nodes

Kaplan-Meier curves of OS based on the N factor, LNR 
and LODDS in young GC patients with 15 or fewer 
examined LNs were shown in Figure 4. Three LN staging 
methods were significantly correlated with OS (all P<0.001). 
In a multivariate analysis for OS, the AJCC N factor 
(HR =1.690, 95% CI: 1.115–2.562, P=0.013), LNR (HR 
=1.424, 95% CI: 1.019–1.990, P=0.038) and LODDS (HR 
=1.397, 95% CI: 1.002–1.949, P=0.049) were significantly 

independent prognostic factors in these patients (Table S1). 
In the subgroup including patients with ≤15 LNs examined, 
although the time-dependent ROC curve of the N factor 
was continuously superior to that of the LNR and LODDS 
in predicting the survival after 5 years (Figure 3B), the AUC 
values among these three LN staging methods were not 
statistically different (P>0.05) (Table 3).

In an analysis including the population of patients with 
≤15 LNs examined, the AIC values in the multivariate 
model 1, 2 and 3 were 1,782.58, 1,786.92 and 1,786.36, 
respectively (Table 4). The C-index in the model 1, 2 and 3 
were 0.787 (95% CI: 0.752–0.822), 0.784 (95% CI: 0.749–
0.820) and 0.0.785 (95% CI: 0.749–0.820), respectively. The 
multivariate model 1 had a slightly increased C-index, but 
no significant differences were found when comparing to 
the model 2 and 3 (model 2 vs. model 1: P=0.331, model 3  
vs. model 1: P=0.354).

Discussion

Recently, several lines of findings have reported an 
increasing trend in the incidence of GC patients in young 
age (2,3,13,45). GC in the young has a more aggressive 
growth pattern and carries a worse clinical outcome 
compared with older individuals (6,9,20-22). An effective 
and well practical prediction model is urgently required 
for prognosis estimation and guidance in such separate 
entity. AJCC TNM staging is the most widely reliable and 
accepted system in GC, but it is subject to the risk of stage 
migration when using the N classification. Accurate staging 
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Figure 4 Kaplan-Meier analysis for overall survival of young gastric cancer patients with ≤15 examined lymph nodes in the negative and 
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plays a pivotal role in cancer care. In the present study, we 
evaluated the prognostic abilities of the three LN staging 
systems including AJCC N factor, LNR and LODDS 
in young patients with GC. To our knowledge, no study 
before has compared the predictive value of the ratio-based 
nodal staging, LNR and LODDS, with the number-based 
N category in such special population. We demonstrated 
that the ratio-based nodal staging, LNR and LODDS, 
were remarkable prognosticators for survival in the young 
GC patients and in the population of patients with ≤15 
LNs examined. Although AJCC N factor was also an 
independent risk factor in our study cohort, it was observed 
a significant correlation when patients were divided into 
two subgroups according to whether total LNs examined 
≤15 or not, and might lead to stage migration. Additionally, 
the multivariate prediction models incorporating the 
LNR or LODDS had higher C-index and lower AIC 
when comparing to the model incorporating the N factor, 
suggesting uses of LNR and LODDS as alternatives to the 
N factor for the prognostic prediction of young patients 
with GC.

Lymph node metastasis is the most frequent mode of 
tumor metastasis in GC, and thus lymph node dissection 
plays a crucial role in GC surgery for staging and treatment 
options (26,46). The pathological assessment of LNs 
in the 8th edition of AJCC TNM staging system is on 
the basis of the absolute count of positive LNs, and its 
predictive efficacy for prognosis is significantly influenced 
by the extent of LN dissection (28-31,47). A study from 
Smith et al. using SEER data between 1973 and 1999 

found a therapeutic benefit of a large number of examined 
LNs (30). According to the TNM staging, at least  
15 harvested LNs is essential for accurate estimates of N 
category. A poor primary LN count could produce stage 
migration, compromise a correct staging and subsequently 
underestimate the severity of disease (28,29,31,48). 10–15% 
of patients were found the phenomenon of stage migration 
when using the N classification (29-32,38). To reduce the 
potential bias caused by an insufficient number of harvested 
LNs and stage migration, the LNR, namely, the ratio 
between positive and examined LNs, has been proposed 
for ameliorating the understaging of diagnosis and more 
accurately assessing the disease severity. The LNR is less 
influenced by the total number of harvested LNs. Extensive 
studies have reported that the LNR, rather than the existing 
AJCC N staging, could compensate for the stage migration 
effect and had a better predictive value in GC patients, 
suggesting it to be considered as an alternative to the N 
classification in patients with adequate or inadequate LNs 
examined (33-39,49,50). However, the LNR also has its 
flaws in failing to stratify the prognosis of patients with no 
metastatic (LNR =0) or all metastatic (LNR =1) LNs. These 
flaws contributed to the creation of the LODDS, which is 
defined as the log value of the ratio between positive nodes 
and negative nodes (40,41). The LODDS, using a base 
number and negative nodes as the denominator, carries 
all the auxiliary information of the LNR, and therefore it 
could further distinguish those patients with either very 
high or low LNR. Spolverato et al. observed that when 
the LN status was modeled as a continuous variable, the 

Table 4 Comparison of different prognostic models on young patients with gastric cancer

Concordance indices
AIC Likelihood Ratio χ2

C-index 95% CI P (reference; Model 1)

All-case analysis

Model 1† 0.774 0.749–0.799 4,614.48 291

Model 2‡ 0.783 0.759–0.806 0.042* 4,584.90 320.6

Model 3§ 0.783 0.760–0.807 0.034* 4,582.39 323.1

In patients with ≤15 examined LNs

Model 1† 0.787 0.752–0.822 1,782.58 154.8

Model 2‡ 0.784 0.749–0.820 0.331 1,786.92 150.4

Model 3§ 0.785 0.749–0.820 0.354 1,786.36 151

CI, confidence interval; LN, lymph node. *, indicate significant P values. †, Model 1: T stage, AJCC N factor, M stage. ‡, Model 2: T stage, 
LNR, M stage. §, Model 3: T stage, LODDS, M stage.
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LODDS was the best predictor of survival (51). However, 
the LODDS might lost its predictive value and the 
LNR became the best predictor when the LN status was 
categorized. 

In the present study, we found that the three different 
LN staging methods, AJCC N factor, LNR and LODDS, 
were significantly independent prognostic factors for OS 
in the cohort including all young GC patients and in the 
subgroups comprised of patients with ≤15 LNs examined. 
However, correlation analysis between clinicopathological 
characteristics and there different LN staging methods 
observed a significant correlation in the AJCC N factor 
(P<0.001) when patients were divided into two subgroups 
according to whether total LNs examined ≤15 or not, 
indicating that there might exist stage migration. Moreover, 
the time-dependent ROC curves of the LNR and LODDS 
were continuously superior to that of the N factor in 
predicting OS during the observation period. And the 
AUCs also revealed that the predictive accuracy of the 
LNR and LODDS was remarkably superior to the N 
factor at 1 and 3 years. In addition, the multivariate models 
incorporating the LNR or LODDS had higher C-index 
values and lower AIC values when comparing to the model 
incorporating the N factor, suggesting that the LNR and 
LODDS could be considered as alternatives to the N factor 
for prognostic prediction in young patients with GC. In 
patients with ≤15 examined nodes, the prognostic power of 
the three LN classification methods was comparable. 

Although the present study enabled us to distinguish 
a better LN staging method for predicting prognosis 
of young GC patients, we did not investigate the effect 
of neoadjuvant therapy on the nodal status. Currently, 
in the west, it is recommended that GC be treated in 
a multimodal fashion and surgical treatment should be 
preceded by neoadjuvant (perioperative) chemotherapy. 
An analysis of pathologic tumor response and nodal status 
in the Perioperative Chemotherapy versus Surgery Alone 
for Resectable Gastroesophageal Cancer (MAGIC) trial 
demonstrated that neoadjuvant chemotherapy with a 
regimen of epirubicin, cisplatin, and fluorouracil decreased 
tumor size and stage and significantly improved survival (52).  
Moreover, a recent study based on the MAGIC trial found 
that the LN metastases and not the regression of the 
primary tumor was the primary arbiter of survival after 
chemotherapy plus resection (53). Tumor diameter and 
depth of infiltration, Lauren histological subtype, and tumor 
regression grading may reflect the impact of neoadjuvant 
therapy on LN status (54). A study from Roland et al. 

focus on the effect of neoadjuvant therapy on the LNR in 
pancreatic cancer and showed that the LNR might serve 
as a better prognostic parameter following neoadjuvant 
therapy than standard N0 or N1 annotation (55). Similarly, 
neoadjuvant therapy in rectal cancer did not affect LNR 
despite reduced LN retrieval and therefore LNR might 
be a more reliable prognosticator than LN retrieval (56). 
In this study, patients who received neoadjuvant therapy/
radiotherapy were excluded from the analysis. Even 
though our study’s most noticeable findings shed light on 
clinical advantage of the LNR and LODDS over the N 
classification in young patients with GC, the results may not 
be applicable to all patients, especially those with resectable 
GC undergoing neoadjuvant therapy.

This study has several limitations. Firstly, this study was 
retrospective and potential bias might have led to in the 
data selection process. Secondly, it was a population-based 
study capturing data from national registry, but the detailed 
information on therapy and outcomes were limited in the 
SEER database. Apart from OS, other clinical outcomes 
such as quality of life, distant control, local control were not 
recorded. Information about type of gastrectomy, systemic 
therapy, specialized regimens and measurement of response 
to treatment were also absent, which could influence the 
detailed real-world outcomes for young patients with GC 
and the prognostic power of the LNR and LODDS to 
some extent. Thirdly, there was no consensus regarding the 
cutoffs for the LNR and LODDS even though different 
cutoff values had been proposed. Here we determined the 
LNR and LODDS cutoffs of 0.36 and −0.28, respectively, 
and found the LNR and LODDS to be the independent 
prognostic factors. The results of this study may not be 
appropriate for other studies. The most optimal cutoffs 
for young patients with GC should be further investigated. 
Finally, we did not verify the results in our own patients. 
Further external validation such as enrolling our own 
patients is warranted to extend the extrapolation of the 
reported results. And additional prospective multicenter 
studies are also necessary.

Despite these limitations, the present study also has many 
strengths. To our knowledge, it is the first comparing the 
predictive value of the ratio-based nodal staging, LNR and 
LODDS, and the number-based N classification in young 
patients with GC, such a special population. The findings of 
our study are intuitive, convenient to use and well-timed. An 
accurate staging is indeed of great significance for determining 
the suitable therapeutic schedule and follow-up scheme for 
every stage of the disease. Even though the current AJCC 
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TNM staging is the most widely used system, it also has its 
deficiency especially in the population of patients with an 
insufficient number of harvested LNs. Findings from our study 
detected clinical advantage of the LNR and LODDS over the 
N classification. These results may be regarded as a basis for 
prospective researches and affect the clinical treatment options 
for young patients with GC.

Conclusions

In conclusion, the current study demonstrated that the 
LNR and LODDS were significant independent prognostic 
indicators for OS in young patients with GC. The 
predictive performance of the LNR and LODDS were 
superior to that of the AJCC N factor, suggesting that the 
LNR and LODDS could improve accuracy of survival 
risk prediction and should be considered as alternatives to 
the AJCC N factor for the prognostic prediction of young 
patients with GC.
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Supplementary

Table S1 Univariate and multivariate Cox proportional hazards regression analyses for OS in patients with ≤15 examined LNs

Factors

Univariate 
analysis

Multivariate  
analysis‡

Multivariate  
analysis§

Multivariate  
analysis¶ 

P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age 0.213

Race

White Reference Reference Reference

Black 0.736 1.028 (0.689-1.533) 0.893 1.059 (0.710-1.578) 0.779 1.019 (0.685-1.517) 0.925

Others†/NOS 0.031* 0.689 (0.450-1.056) 0.088 0.661 (0.431-1.012) 0.057 0.660 (0.431-1.011) 0.056

Gender

Male

Female 0.875

Insurance

Yes

No/unknown 0.833

Marital status

Married Reference Reference Reference

Single 0.020* 1.207 (0.864-1.686) 0.269 1.189 (0.853-1.657) 0.306 1.171 (0.841-1.629) 0.350

Separated/divorced/
widowed

0.360 1.002 (0.474-2.117) 0.996 0.943 (0.446-1.993) 0.878 0.958 (0.453-2.027) 0.911

NOS 0.272 1.105 (0.267-4.568) 0.890 0.986 (0.239-4.070) 0.985 0.985 (0.239-4.061) 0.983

Tumor subsites

Cardia

Middle 0.319

Distal 0.632

Overlapping/NOS 0.060

Differentiation

Well differentiated

Moderately 
differentiated

0.880

Poorly differentiated 0.871

Undifferentiated 0.872

Unknown 0.873

Histological type

Diffuse

Intestinal 0.248

Other 0.208

Table S1 (continued)
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Table S1 (continued)

Factors

Univariate 
analysis

Multivariate  
analysis‡

Multivariate  
analysis§

Multivariate  
analysis¶ 

P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Tumor size

<1 cm Reference Reference Reference

1-2 cm 0.248 0.875 (0.172-4.458) 0.872 1.095 (0.221-5.436) 0.911 1.088 (0.219-5.397) 0.918

2-3 cm 0.112 0.518 (0.102-2.621) 0.427 0.616 (0.126-3.023) 0.551 0.620 (0.126-3.036) 0.555

3-4 cm 0.012* 0.534 (0.108-2.641) 0.442 0.621 (0.129-2.975) 0.551 0.625 (0.131-2.992) 0.556

4-5 cm 0.004* 0.627 (0.125-3.138) 0.570 0.702 (0.144-3.414) 0.661 0.692 (0.142-3.368) 0.648

≥5 cm 0.001* 0.958 (0.203-4.518) 0.956 1.117 (0.245-5.099) 0.887 1.113 (0.244-5.082) 0.890

NOS 0.004* 0.822 (0.171-3.960) 0.807 0.929 (0.198-4.360) 0.926 0.931 (0.199-4.363) 0.928

T stage

T1 Reference Reference Reference

T2 <0.001* 15.734 (4.902-50.505) <0.001* 17.395 (5.502-55.002) <0.001* 17.369 (5.500-54.851) <0.001*

T3 <0.001* 21.727 (6.506-72.561) <0.001* 25.425 (7.735-83.569) <0.001* 24.938 (7.588-81.953) <0.001*

T4 <0.001* 29.855 (9.074-98.231) <0.001* 35.322 (10.919-114.263) <0.001* 34.710 (10.731-112.273)<0.001*

TX <0.001* 56.596 (8.666-369.611) 0.001* 64.547 (9.979-417.502) <0.001* 62.456 (9.639-404.673) <0.001*

AJCC N factor

N0 Reference Not applicable Not applicable

N1-3 <0.001* 1.690 (1.115-2.562) 0.013*

LNR Not applicable Not applicable

L-LNR Reference

H-LNR <0.001* 1.424 (1.019-1.990) 0.038*

LODDS Not applicable Not applicable

L-LODDS Reference

H-LODDS <0.001* 1.397 (1.002-1.949) 0.049*

M stage

M0 Reference Reference Reference

M1 <0.001* 2.936 (2.082-4.141) <0.001* 2.832 (1.987-4.036) <0.001* 2.894 (2.039-4.108) <0.001*

Chemotherapy

Yes Reference Reference Reference

No/unknown 0.002* 1.989 (1.350-2.929) 0.001* 1.940 (1.315-2.863) 0.001* 1.908 (1.294-2.814) 0.001*

Radiotherapy

Yes

No/unknown 0.977

LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes; NOS, not otherwise specified; HR, hazard ratio; CI, confidence 
interval; LN, lymph nodes. *indicate significant P values. † Others, American Indian/AK Native, Asian/Pacific Islander. ‡ Adjustment for 
the following variables: race, tumor subsites, tumor size, T stage, N stage, M stage, and chemotherapy. § Adjustment for the following  
variables: race, tumor subsites, tumor size, T stage, LNR, M stage, and chemotherapy. ¶ Adjustment for the following variables: race,  
tumor subsites, tumor size, T stage, LODDS, M stage, and chemotherapy.


