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Abstract

Background: The eighth TNM classification for gastric cancer categorizes N3 as N3a and N3b in the final pathologic
stage. The cutoff for N3a/N3b is defined as 15 metastatic lymph nodes, but the rationale for this cutoff remains unclear.
This study aimed to determine the optimal N3a/N3b cutoff and evaluate its prognostic significance.

Methods: An international database was constructed by combining data from patients with N3 gastric cancer and
complete five-year follow-up data from the Surveillance, Epidemiology, and End Results program database (n = 1833)
and the Fujian Medical University Union Hospital database (n = 920) (total n = 2753). A log-rank test was performed to
determine the optimal N3a/N3b cutoff, and its prognostic significance was confirmed in a two-step multivariate
analysis and compared to that of the eighth TNM.

Results: A cut-point analysis performed at each metastatic lymph node number identified the greatest survival
difference between N3a and N3b at 13 metastatic lymph nodes (χ2 = 157.671, P = 3.65 × 10− 36). In patients with 14–15
metastatic lymph nodes, prognoses were significantly worse than those in patients with 7–13 metastatic lymph nodes
(P < 0.001) but similar to those in patients with > 15 metastatic lymph nodes (P = 0.078). Therefore, patients with 14–15
metastatic lymph nodes were incorporated into a modified N3b classification. In the two-step multivariate analysis, the
eighth N3 classification fell out of the model, while the modified N3 classification remained intact (HR 1.51, P < 0.001).
Further analyses demonstrated that the modified TNM classification had superior homogeneity, discriminatory ability,
and gradient monotonicity compared to the eighth TNM classification.

Conclusions: For improved prognostic stratification, we recommend adjusting the cutoff for subclassification of N3
gastric cancer to 13 metastatic lymph nodes.
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Background
Two major classification systems are used for gastric
cancer staging. These include the Japanese Classification
of Gastric Cancer (JCGC) and the Union for International
Cancer Control/American Joint Committee on Cancer
(UICC/AJCC) TNM classification system. In previous

decades, the ability to accurately stage gastric cancer has
continuously improved, and N3 staging has accordingly
undergone several revisions. According to the number of
metastatic lymph nodes (MLNs), the fifth UICC/AJCC
TNM classification defined N3 as > 15 MLNs [1].
However, the early JCGC defined N3 with metastases to
Group 3 lymph nodes (LNs) according to the location of
the MLNs relative to that of the primary tumor [2, 3]. In
2010, the 14th JCGC was unified with the seventh UICC/
AJCC classification system, in which the definition of N3
was modified to > 7 MLNs, and N3 was divided into N3a
(7–15 MLNs) and N3b (> 15 MLNs). However, the

* Correspondence: heqingliang89@sina.com; hcmlr2002@163.com
†Man-Qiang Lin and Jia-Bin Wang contributed equally to this work.
5Department of Gastrointestinal Surgery, the First Affiliated Hospital of Fujian
Medical University, No. 20 Chazhong Road, Fuzhou 350005, Fujian Province,
China
1Department of Gastric Surgery, Fujian Medical University Union Hospital, No.
29 Xinquan Road, Fuzhou 350001, Fujian Province, China
Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Lin et al. BMC Cancer           (2019) 19:21 
https://doi.org/10.1186/s12885-018-5187-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-018-5187-7&domain=pdf
http://orcid.org/0000-0002-0019-885X
mailto:heqingliang89@sina.com
mailto:hcmlr2002@163.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


definitions of the N3 subclasses (N3a and N3b) were not
different with regard for the final pathological stage [4, 5].
The seventh UICC/AJCC classification for LN

metastases has been described as reliable for predicting
prognoses in gastric cancer in many studies. However,
the N3 classification provided in this edition is contro-
versial [6, 7]. Sano et al. found that the prognoses of
patients with stage N3a and N3b from 15 different
countries were distinct [8]. Hence, the eighth TNM
classification detailed N3 as N3a and N3b in the final
pathological stage of the disease [9].
The cutoff used to distinguish N3a/N3b in the current

TNM classification was derived from a German retro-
spective study that was performed 20 years ago [10]. The
study sample was ethnically monotonous and small;
therefore, the rationale for adopting 15 MLNs as the
cutoff for the two groups remains unclear. Determining
an accurate and reasonable N stage is important when
planning a treatment strategy, determining a prognosis,
evaluating the results of treatment and exchanging infor-
mation [11]. This study was designed to determine the
optimal cutoff for distinguishing N3a/N3b and evaluate
its prognostic significance using a newly created com-
bined international dataset.

Methods
Patients
An international gastric cancer dataset including Eastern
and Western populations was established by combining
the Surveillance, Epidemiology, and End Results (SEER)
database (http://seer.cancer.gov/) with the Fujian
Medical University Union Hospital (FMUUH) database.
This study was a retrospective analysis of 1833 patients
(SEER) plus 920 patients (FMUUH) with N3 gastric
cancer who underwent a gastrectomy between January
1988 and December 2008 and between January 1995 and
December 2011, respectively.
The following inclusion criteria were applied [1]: the

primary tumor localization was the stomach (SEER:
C16.1-C16.9) [2]; the patient was ≥18 years old [3];
histology confirmed an adenocarcinoma (SEER: Type
ICD-O-3: 8140, 8142–8145, 8210, 8211, 8255, 8260–
8263, 8310, 8323, 8480, 8481, and 8490) [4]; the patient
underwent a gastrectomy (SEER: rx sum-surg prim site
(1998+): 30–80 and site-specific surgery (1973–1997):
20–78) [5]; > 15 LNs were retrieved [6]; the lesions were
staged pT1-4N3M0. The following exclusion criteria
were used to rule out patients [1]: histology identified a
tumor type other than adenocarcinoma [2], survival < 1
month [3], multiple primary tumors [4], remnant gastric
cancer [5], distant metastases were apparent (M1), and
[6] incomplete datasets. The stepwise process used to
extract data is shown in Additional file 1: Figure S1.

The clinicopathological features obtained for this study
included age, gender, ethnicity, histology, tumor size,
tumor-node-metastasis (TNM) stage, type of surgery,
the number of LNs examined, and the number of MLNs.
The patients were classified into age groups of < 65
and ≥ 65 years old based on the WHO definition of
“elderly” [12]. Ethnicity was classified as White, Asian,
Black, Hispanic and Native American. The tumors were
divided by size into tumors that were ≤ 60mm and > 60
mm in diameter. The type of surgery included proximal/
distal gastrectomy and total gastrectomy. Tumor staging
was determined based on the eighth edition of the
UICC/AJCC TNM classification [9].
Patients in FMUUH were followed up every three

months for two years following surgery and then every
six months for the next 3–5 years. The majority of pa-
tients routinely underwent laboratory tests, chest radiog-
raphy, abdominopelvic ultrasonography or computed
tomography, and annual gastroscopy. Overall survival
refers to the period from the day of the operation to the
date of death or last follow-up (SEER: December 2013
and FMUUH: December 2016). All survivors were
followed up for more than five years.

Statistical analysis
SPSS 18.0 (SPSS Inc., Chicago, IL) and STATA12.0
statistical software were used to analyze the data. To
compare the clinicopathological characteristics between
patients in the SEER and FMUUH databases, the χ2 test
was performed to analyze categorical variables, while
unpaired continuous variables were analyzed using the
Mann-Whitney U test. To determine the best cutoff for
distinguishing N3a/N3b, we evaluated the ability of
prognostic stratification at each MLN count value using
the magnitude of the log-rank test χ2 statistic [13]. The
cutoff that appeared to provide the greatest actuarial
survival difference between the resulting subgroups was
verified by X-tile software [14]. Survival curves were
constructed according to the Kaplan-Meier method, and
a log-rank test was used to determine whether signifi-
cant differences were present among survival curves. We
used a two-step multivariate analysis to evaluate the
validity of the modified N3 classification (mN3) [15]. In
the first step, the prognostic factors identified in the uni-
variate analysis were incorporated into the multivariate
analysis with the eighth N3 staging criteria but excluding
the mN3 criteria; in the second step, the eighth N3 and
mN3 staging criteria were simultaneously included in
the multivariate analysis. Finally, to compare the prog-
nostic performance of the eighth TNM and mTNM sys-
tems, we performed a likelihood ratio χ2 test to evaluate
homogeneity within the two TNM classifications [16].
The discriminatory ability and gradient monotonicity of
the two classifications were estimated using a linear
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trend χ2 test [16]. Additionally, the discriminatory ability
of the two TNM classifications was assessed using the
Akaike information criteria (AIC) test (e.g., a smaller
AIC score demonstrates a model that is more appropri-
ate for evaluating prognosis) [16]. In all analyses, differ-
ences with P values < 0.05 were considered statistically
significant.

Results
Comparison of characteristics of patients in the SEER and
FMUUH databases
In the SEER database, 1833 patients met the screening
criteria. Data from the FMUUH gastric cancer database
were obtained using the same methods, which yielded
920 patients (Additional file 1: Figure S1). In all, the two
databases included 2753 N3 patients. The median
follow-up period for all patients was 19months (range
1–304 months). The median follow-up periods in
patients in the SEER and FMUUH databases were 16
months (range 1–304 months) and 25 months (range 1–
177 months), respectively.
The relevant patient and tumor characteristics

obtained from the two databases in addition to the
combined dataset are presented in Table 1. Significant
differences were identified in mean age, gender fre-
quency, the proportions of each ethnicity, tumor
histology, median tumor size, pT and overall staging,
the type of gastrectomy performed and the median
number of LNs retrieved. There was no significant
difference in pT-stage-T2, N3 stage, pIIIa and pIIIb
stage tumors or in the median number of MLNs. The
median number of MLNs in all of the patients was
14 (range 7–90). There was no significant difference
in the median number of MLNs between patients in
the SEER and FMUUH databases (P = 0.469). The
median number of LNs examined in all patients was
26 (range, 16–90). In patients in the SEER and
FMUUH databases, the median number of LNs exam-
ined was 24 (range 16–90) and 30 (range 16–80),
respectively (P < 0.001).

Cut-off point survival analysis of N3a/N3b gastric cancer
As shown in Fig. 1, we examined the ability of each
cutoff value (according to the number of MLNs) to
detect survival differences and found that a cutoff
value of 13 MLNs most significantly stratified the
prognoses of N3 patients into N3a and N3b groups
(7–13 MLNs vs > 13 MLNs, five-year survival rate:
31% vs 15%; χ2 = 157.671, P = 3.65 × 10− 36) (Table 2).
In addition, X-tile was used to verify that 13 MLNs was
the optimal MLN count-based cutoff value to use in N3a/
N3b gastric cancer (Additional file 2: Figure S2).

Overall survival in patients with 14–15 MLNs
Figure 2 shows the survival curves of patients with 7–13,
14–15 and > 15 MLNs. The five-year survival of patients
with 14–15 MLNs was significantly worse than that
observed in patients with 7–13 MLNs (16% vs 31%,
respectively; P < 0.001) but similar to that observed in
patients with > 15 MLNs (16% vs 14%, respectively;
P = 0.078).
Based on these results, we proposed a modified N3

classification (mN3a: 7–13 MLNs, mN3b: > 13 MLNs) in
which patients with 14–15 MLNs were incorporated into
the mN3b group.

Two-step multivariate analysis of overall survival in N3
patients
A univariate analysis and a two-step multivariate analysis
of the included N3 patients were performed to further
evaluate the validity of the mN3 classification (Table 3).
In the univariate analysis, age, ethnicity, tumor size, pT
classification, and the eighth N3 and mN3 classifications
were significantly correlated with survival. In the first
step of the multivariate analysis, age, ethnicity, tumor
size, pT and the eighth N3 classification were demon-
strated to be independent prognostic factors. However,
when both the eighth N3 and the mN3 classifications
were incorporated into the second step of the multivari-
ate analysis, only the mN3 classification remained
significant (HR 1.51, P < 0.001), while the eighth N3 clas-
sification disappeared (HR 1.13, P = 0.083).

Comparisons between the eighth TNM and mTNM
classification systems
Using mN3 staging, we modified the eighth TNM
system. Based on the eighth TNM system, there were 46,
84, 1313 and 1310 patients with stage IIB, IIIA, IIIB and
IIIC gastric cancer, respectively, and the five-year
survival rates in these patients were 50, 45, 27 and 15%,
respectively. Based on the mTNM classification, there
were 42,72,1094 and 1545 patients with stage mIIB,
mIIIA, mIIIB and mIIIC disease, respectively, and the
five-year survival rates in these patients were 55, 46, 29
and 15%, respectively. Figure 3 shows the overall survival
curves of the included patients with N3 gastric cancer
categorized according to the eighth TNM and mTNM
classifications.
The performance of the eighth TNM and the mTNM

systems was evaluated using the linear trend χ2, likeli-
hood ratio χ2, and the AIC tests, as presented in Table 4.
Homogeneity was better in the mTNM system than in
the eighth TNM system (likelihood ratio χ2 score,
102.796 vs 76.671) as were discriminatory ability and the
monotonicity of the gradients (linear trend χ2 score,
97.225 vs 74.252). Furthermore, the mTNM classifica-
tion had a smaller AIC score (32,195.19 vs 32,351.28),
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indicating optimum prognostic stratification (a smaller
AIC score demonstrates a model that is more appropri-
ate for evaluating prognosis).

Discussion
Since the first TNM classification system for gastric can-
cer was applied in 1968 [17], the definition of N3 gastric
cancer has been updated and revised several times. The
third edition of the UICC/AJCC TNM system defined
N3 as para-aortic or hepatoduodenal node metastasis
[18]. The criterion was based on intraoperative clinical

observations, which were associated with a high level of
subjectivity; therefore, the fourth TNM classification
dropped the N3 category and reclassified these patients
as M1 [19]. Investigators later found that the number of
MLNs is a good indicator of the extent of LN metastases
[20, 21]. Thus, based on the number of MLNs, the fifth
and sixth TNM classification defined N3 as > 15 MLNs
[1, 22]. In addition to the UICC/AJCC TNM system, the
JCGC classification is another internationally authorita-
tive classification for gastric cancer. The 13th JCGC sys-
tem divided regional LN stations into three tiers based

Table 1 Demographics of the patient population

Characteristic SEER FMUUH P value Overall

Mean age, y (%) 64.2 ± 13.7 58.9 ± 12.0 < 0.001 62.4 ± 13.4

Gender, n (%)

Male 1024 (55.9) 674 (73.3) < 0.001 1698 (61.7)

Female 809 (44.1) 246 (26.7) 1055 (38.3)

Ethnicity, n (%)

White 662 (36.1) 0 < 0.001 662 (24.0)

Asian 555 (30.3) 920 (100) < 0.001 1475 (53.6)

Black 251 (13.7) 0 < 0.001 251 (9.1)

Hispanic 346 (18.9) 0 < 0.001 346 (12.6)

Native American 19 (1.0) 0 < 0.001 19 (0.7)

Histology, n (%)

G1/G2 263 (14.3) 184 (20.0) < 0.001 447 (16.2)

G3/G4 1570 (85.7) 736 (80.0) 2306 (83.8)

Median tumor size, mm 60 (2–220) 70 (10–200) 0.005 60 (2–220)

T-category, n (%)

T1 48 (2.6) 9 (1.0) 0.004 57 (2.1)

T2 83 (4.5) 32 (3.5) 0.194 115 (4.2)

T3 616 (33.6) 115 (12.5) < 0.001 731 (26.6)

T4a 834 (45.5) 549 (59.7) < 0.001 1383 (50.2)

T4b 252 (13.7) 215 (23.4) < 0.001 467 (17.0)

N-category, n (%)

N3a 1093 (59.6) 554 (60.2) 0.766 1647 (59.8)

N3b 740 (40.4) 366 (39.8) 1106 (40.2)

Stage, n (%)

IIB 39 (2.1) 7 (0.8) 0.008 46 (1.7)

IIIA 59 (3.2) 25 (2.7) 0.471 84 (3.1)

IIIB 892 (48.7) 421 (45.8) 0.150 1313 (47.7)

IIIC 843 (46.0) 467 (50.8) 0.018 1310 (47.6)

Type of surgery, n (%)

Proximal/distal gastrectomy 1274 (69.5) 350 (38.0) < 0.001 1624

Total gastrectomy 559 (30.5) 570 (62.0) 1129

LNs examined, median 24 (16–90) 30 (16–80) < 0.001 26 (16–90)

MLNs, median 14 (7–90) 14 (7–69) 0.469 14 (7–90)

SEER, Surveillance, Epidemiology, and End Results database; FMUUH, Fujian Medical University Union Hospital;MLNs, metastatic lymph nodes; LNs, lymph nodes
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Fig. 1 χ2 values in the cut-point survival analysis of patients with N3a/N3b gastric cancer

Table 2 Cut-point analysis to determine which cutoff value provided the most statistically significant difference in survival among
patients with N3 gastric cancer

Cutoff value Number of patients 5-year overall survival (%) χ2b P valueb

≤ 7 vs > 7 215 vs 2538 35.8 vs 21.2 28.902 7.61 × 10−8

≤ 8 vs > 8 436 vs 2317 35.3 vs 19.9 63.197 1.87 × 10−15

≤ 9 vs > 9 646 vs 2107 34.0 vs 18.8 86.210 1.62 × 10−20

≤ 10 vs > 10 846 vs 1907 34.1 vs 17.1 127.873 1.20 × 10−29

≤ 11 vs > 11 1011 vs 1742 32.4 vs 16.5 128.609 8.26 × 10−30

≤ 12 vs > 12 1172 vs 1581 31.0 vs 16.0 138.384 6.01 × 10−32

≤ 13 vs > 13 1333 vs 1420 30.7 vs 14.5 157.671a 3.65 × 10−36

≤ 14 vs > 14 1501 vs 1252 29.2 vs 14.1 148.822 3.13 × 10−34

≤ 15 vs > 15 1647 vs 1106 28.3 vs 13.5 143.757 4.02 × 10−33

≤ 16 vs > 16 1797 vs 956 27.2 vs 13.2 124.495 6.57 × 10−29

≤ 17 vs > 17 1898 vs 855 26.3 vs 13.5 111.424 4.78 × 10−26

≤ 18 vs > 18 1996 vs 757 25.9 vs 12.8 109.305 1.39 × 10−25

≤ 19 vs > 19 2083 vs 670 25.6 vs 12.2 103.929 2.10 × 10−24

≤ 20 vs > 20 2165 vs 588 25.0 vs 12.5 83.056 7.97 × 10−20

aCorresponds to the cut point with the largest χ2 statistic
bLog rank test
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on the location of the MLNs relative to the primary
tumor and classified N3 as metastases in Group 3 LNs
[3]. Numerous studies have confirmed that basing N
classification on the number of MLNs is superior to
using anatomical N staging in terms of objectivity, feasi-
bility, reproducibility and prognostic accuracy [23, 24].
Hence, in the 14th JCGC, the anatomical-based N stage
was altered to the numeric N stage used in the seventh
UICC/AJCC classification [4]. In the seventh TNM sys-
tem, N3 was defined as ≥7 MLNs and split into N3a and
N3b based on the cutoff value used for N2/N3 in the
fifth/sixth TNM system [5]. During the formulation of
the seventh TNM classification, there were no convin-
cing data showing that classifying cases as N3a and N3b
had a significant impact on survival in Western patients.
Accordingly, the N3 subgroup failed to be an individual
determinant of the final TNM stage in this edition [8].
In all staging systems used in gastric cancer, N3 gastric

cancer is recognized as an advanced gastric cancer with
nodal metastases. Patients with N3 gastric cancer
account for a large proportion of patients in China and
the United States [25]. Having an accurate stratification

for N3 patients would be conducive to making individu-
alized treatment strategies in patients with different ill-
ness statuses and improve the prognoses of these
patients. Although the seventh TNM classification is
widely acknowledged and used, the validity of regarding
N3 as a single category during stage grouping remains
controversial [6, 26]. Many researchers have suggested
that N3b tumors are associated with worse outcomes
than N3a tumors and that a N3 subclassification should
therefore be used for final staging [27, 28]. In addition,
Komatsu et al. found that a positive LN ratio was useful
for stratifying prognoses and evaluating the extent of
local tumor clearance in patients with N3 gastric cancer
[29]. However, one of the drawbacks of using the LN
ratio is that there are no standardized categories for this
metric in the literature, and this impedes the spread and
application of the LN ratio. Considering usability and
reproducibility, the eighth TNM system still uses a
numeric N staging system [9]. Moreover, based on a
survival analysis of 25,411 patients with gastric cancer,
the International Gastric Cancer Association separated
N3 into N3a and N3b in their final pathologic staging

Fig. 2 Overall survival curves in patients with 7–13, 14–15 and > 15 metastatic lymph nodes (MLNs)
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analysis [8]. Our data also indicate that N3a and N3b
may represent diseases with differing severity, as the two
groups show significant prognostic differences. However,
the overall survival rates of N3a and N3b patients in the
current study are distinct from that in previous investi-
gations. This may be due to differences in ethnic
composition, the period of patient enrollment or the
treatment outcomes of the two datasets.
Currently, the presence of 15 MLNs is defined as the

cutoff for N3a/N3b gastric cancer. This system was

based on a retrospective study of 477 patients performed
by the German Gastric Cancer Study Group [10]. This
study, which was performed 20 years ago, has some
limitations, including the fact that it was ethnically
homogenous and contained a small sample of patients
with > 7 MLNs (219 patients). It is therefore unclear
whether a cutoff of 15 MLNs is appropriate for both
Western and Eastern patients with N3 gastric cancer.
Although many studies have examined the cutoff for LN
staging in gastric cancer, few scholars have discussed the

Table 3 Univariate and multivariate analyses were performed using Cox’s proportional hazard model in patients with N3 gastric cancer

Characteristic Univariate analysis Multivariate analysis 1 Multivariate analysis 2

5-year OS (%) χ2 P HR (95% CI) P HR (95% CI) P

Age at diagnosis, y 79.168 < 0.001

< 65 27.9 1 1

≥ 65 16.3 1.47 (1.35–1.60) < 0.001 1.47 (1.35–1.60) < 0.001

Gender 0.617 0.432

Male 22.2

Female 22.6

Ethnicity 80.923 < 0.001

White 14.4 1 1

Asian 27.4 0.66 (0.59–0.73) < 0.001 0.66 (0.60–0.73) < 0.001

Black 15.8 1.02 (0.88–1.19) 0.781 1.03 (.88–1.20) 0.748

Hispanic 21.4 0.85 (0.74–0.98) 0.028 0.84 (0.72–0.97) 0.014

Native American 15.8 0.86 (0.52–1.42) 0.563 0.83 (0.50–1.36) 0.454

Histology 0.223 0.637

G1/G2 22.7

G3/G4 22.3

Tumor size, mm 17.131 < 0.001

≤ 60 24.6 1 1

> 60 20.0 1.02 (0.94–1.12) 0.581 1.01 (0.93–1.10) 0.864

T-category 46.870 < 0.001

T1 45.5 1 1

T2 39.1 1.18 (0.79–1.75) 0.431 1.12 (0.75–1.67) 0.579

T3 24.4 1.66 (1.18–2.34) 0.004 1.60 (1.14–2.26) 0.007

T4a 20.3 1.86 (1.32–2.61) < 0.001 1.77 (1.26–2.48) 0.001

T4b 18.0 2.18 (1.54–3.10) < 0.001 2.06 (1.45–2.93) < 0.001

Type of surgery 1.255 0.263

Proximal/distal gastrectomy 22.8

Total gastrectomy 21.7

N-category 143.8 < 0.001

N3a 28.3 1 1

N3b 13.5 1.56 (1.43–1.70) < 0.001 1.13 (0.99–1.29) 0.083

Modified N-category 157.67 < 0.001

Modified N3a 30.7 1

Modified N3b 14.5 1.51 (1.32–1.73) < 0.001
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rationality of the existing N3a/N3b cutoff [30]. For the
first time, we have specifically analyzed and deter-
mined the optimal subclassification of patients with
N3a/N3b gastric cancer. We developed an inter-
national dataset consisting of 2753 Western and
Eastern patients with N3 gastric cancer and used the
log-rank test to demonstrate that 13 MLNs is the op-
timal MLN cutoff value for distinguishing N3a/N3b
gastric cancer. Accordingly, we proposed a modified
N3 classification system and performed a two-step
multivariate analysis to verify that the prognostic sig-
nificance of this mN3 classification was superior to
that of the eighth N3 classification system. Import-
antly, we show that homogeneity, discriminatory
ability, and the monotonicity of gradients is better in
the mTNM system than the eighth edition system.
We suggest that the superior results of prognostic
assessments obtained using the mTNM system are
attributable to its improved N3 staging accuracy.
An ideal staging system should also be universally ap-

plicable. Gastric cancers exhibit differences in biological
behavior in addition to the extent of surgery required for
treatment and the pathological diagnosis of examined
LNs; therefore, there are remarkable differences in

stage-specific outcomes between Eastern and Western
patients [8, 31]. The success of the current study lies in
the statistical power provided by the merger of large
databases from two different countries. In this study, we
found that there were significant differences between the
SEER and FMUUH datasets in age, gender, ethnicity,
histology, tumor size, T and overall staging, the type of
surgery and the number of LNs examined. Thus, estab-
lishing an international database not only increases the
numbers available for analysis but also significantly en-
hances the representativeness of the mN3 staging system
proposed in the present study [32]. In addition, only
patients in whom > 15 LNs were retrieved and complete
five-year follow-up data were available were included,
and this ensures the accuracy of the results obtained in
this study.
Some shortcomings of this study should be noted.

Because incomplete information was available regarding
adjuvant therapy in the SEER database, the effects of
adjuvant treatment were not evaluated. In addition, the
study group cases were accessioned for 20 years, during
which time diagnostic methods and treatment strategies
have changed, and this also limits the strength of our
observations.

Fig. 3 Overall survival curves for patients with N3 gastric cancer categorized according to a the 8th TNM and b modified TNM (mTNM) systems

Table 4 Comparison of the performance of the eighth edition TNM staging system and the modified TNM staging system

Linear trend χ2 (P value) Likelihood ratio χ2 (P value) AIC

The eighth TNM system 76.671 (< 0.001) 74.252 (< 0.001) 32,351.28

The modified TNM system 102.796 (< 0.001) 97.225 (< 0.001) 32,195.19

AIC Akaike information criteria
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Conclusions
In summary, we first specifically analyzed and deter-
mined the MLN count cutoff value that most accurately
distinguished N3a/N3b gastric cancer. To perform this
analysis, we used a large sample of Eastern and Western
patients, and we subsequently confirmed its prognostic
significance. To obtain better prognostic stratification,
we suggest adjusting the cutoff for subclassification of
N3 gastric cancer to 13 MLNs.
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