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Abstract 

Background:  Currently, there is no formal consensus regarding a standard classification for gastric cancer (GC) 
patients with < 16 retrieved lymph nodes (rLNs). Here, this study aimed to validate a practical lymph node (LN) staging 
strategy to homogenize the nodal classification of GC cohorts comprising of both < 16 (Limited set) and ≥ 16 (Ade‑
quate set) rLNs.

Methods:  All patients in this study underwent R0 gastrectomy. The overall survival (OS) difference between the 
Limited and Adequate set from a large Chinese multicenter dataset was analyzed. Using the 8th American Joint 
Committee on Cancer (AJCC) pathological nodal classification (pN) for GC as base, a modified nodal classification (N’) 
resembling similar analogy as the 8th AJCC pN classification was developed. The performance of the proposed and 
8th AJCC GC subgroups was compared and validated using the Surveillance, Epidemiology, and End Results (SEER) 
dataset comprising of 10,208 multi-ethnic GC cases.

Results:  Significant difference in OS between the Limited and Adequate set (corresponding N0–N3a) using the 8th 
AJCC system was observed but the OS of N0limited vs. N1adequate, N1limited vs. N2adequate, N2limited vs. N3aadequate, and 
N3alimited vs. N3badequate subgroups was almost similar in the Chinese dataset. Therefore, we formulated an N’ clas‑
sification whereby only the nodal subgroups of the Limited set, except for pT1N0M0 cases as they underwent less 
extensive surgeries (D1 or D1 + gastrectomy), were re-classified to one higher nodal subgroup, while those of the 
Adequate set remained unchanged (N’0 = N0adequate + pT1N0M0limited, N’1 = N1adequate + N0limited (excluding pT1N0M0limited), 
N’2 = N2adequate + N1limited, N’3a = N3aadequate + N2limited, and N’3b = N3badequate + N3alimited). This N’ classification dem‑
onstrated less heterogeneity in OS between the Limited and Adequate subgroups. Further analyses demonstrated 
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Introduction
Gastric cancer (GC) is the third leading cause of can-
cer-related death worldwide [1, 2] and has a low 5-year 
relative survival of 32.4% [3]. Early lymph node (LN) 
metastasis is among the prime factors responsible for 
this dismal prognosis and its extent guides post-opera-
tive management. Therefore, proper LN classification is 
important for accurate survival prognostication as this 
would lead to better treatment selection and improved 
therapeutic outcomes.

The American Joint Commission on Cancer (AJCC) 
staging manual [4], National Comprehensive Cancer Net-
work (NCCN) GC guidelines [5], and the Chinese Soci-
ety of Clinical Oncology (CSCO) guidelines [6] for the 
diagnosis and treatment of GC recommend the retrieval 
of at least 15 LNs for proper staging of resectable GC. 
However, there have been some ongoing and unresolved 
debates regarding perigastric lymphadenectomies. First, 
one study, which was among the key references for the 
development of the 8th AJCC GC staging system, pro-
posed a new stage grouping based on the data of 25,411 
GC patients [mean and median number of retrieved 
lymph nodes (rLNs), 34.9 and 32.0, respectively] col-
lected from 59 institutions globally [7]. Although its data 
could be accurately reflecting the lymphadenectomies 
and gastrectomies performed at high-volume institu-
tions (high expertise for retrieving > 15 LNs), however, 
performing such high-quality surgeries are particularly 
challenging in the daily practice of lower-volume institu-
tions (lesser expertise and higher risk of retrieving < 15 
LNs) [8–10]; especially considering that the number of 
surgeries performed at these lower-volume institutions 
could agglomerate to a large proportion of GC surgeries 
performed globally. So, whether the 8th AJCC GC stag-
ing system is as optimal for institutions having consider-
able proportion of advanced GC cases with sub-optimal 
rLNs remains to be determined.

Second, studies have found that the survival of patients 
with < 15 rLNs is worse than those with > 15 rLNs [5-year 
overall survival (OS) of corresponding N0 to N3 of < 15 
rLNs vs. > 15 rLNs cohorts: 76.4–19.2% vs. 87.5–24.8%, 
respectively] [11–14]. It has been further reported 
that cases with < 10–15 rLNs were more likely to be 

under-staged [15] and the 5-year survival of patients 
with ≤ 6 rLNs would significantly improve for every 10 
extra rLNs [16]. Considering that in real-world practice 
almost all GC lymphadenectomy-performing hospitals 
have cases where < 15 LNs were surgically retrieved, one 
of the main differences between hospitals is the ratio of 
limited and adequately rLNs cases. Despite understand-
ing the survival differences between these two sets of 
patients, there are no standard criteria on how to merge 
these patients within the tumor-node-metastasis (TNM) 
subgroups in hospitals GC datasets. Clinically, both 
sets of patients are still classified within the same TNM 
subgroups and these datasets are used as reference, 
which can be misleading, when assessing new individual 
patient’s prognosis for treatment planification, and could 
therefore lead to inaccuracies in survival estimation and 
possible mismanagement of subgroups of GC patients.

Thus, the aims of this study were to formulate and vali-
date a modified nodal classification strategy to homo-
geneously classify GC patients with < 15 and ≥ 15 rLNs 
using a staging analogy as close as possible to that of the 
8th AJCC N stage for easy practical applicability but with 
lesser survival heterogeneity between corresponding sub-
groups of patients within these two nodal categories.

Methods
Patients and eligibility criteria
A multicenter retrospective study. The data from a large 
Chinese multicenter dataset consisting of 10,526 patients 
who underwent gastrectomies at the Sun Yat-sen Univer-
sity Cancer Center (SYSUCC; Guangzhou, China), the 
First Hospital of China Medical University (CMU; Shen-
yang, China), and Tianjin Medical University Cancer 
Institute & Hospital (TJMU; Tianjin, China) from January 
1, 2000, to December 31, 2012, were analyzed. Patients 
satisfying the following criteria were included: patho-
logically confirmed primary gastric adenocarcinoma; no 
other synchronous malignancy; absence of residual GC; 
no preoperative chemotherapy and distant metastasis 
prior to surgery; gastrectomies and lymphadenectomies 
(limited or extended) performed according to the Japa-
nese Gastric Cancer Treatment Guidelines 2014, Version 
3; R0 resection (no residual macroscopic or microscopic 
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tumor); postoperative survival of at least 3 months; and 
no missing data for the proper TNM evaluation of the 
patients. A flow diagram of the selection process is pre-
sented in Additional file 1: Fig. S1. All patients provided 
informed consent for the use of their data for scientific 
purposes prior to surgery. The study protocol adhered to 
the regulations of the Declaration of Helsinki (as revised 
in Edinburgh 2000) and ethical approval was obtained 
from the Sun Yat-Sen University Cancer Center institu-
tional review board (B2022-161-01).

Retrieval of patients from the SEER database
We examined the SEER database for GC cases conform-
ing to similar inclusion criteria [i.e., R0 gastrectomy and 
lymphadenectomies (limited or extended), etc.] men-
tioned above from January 1998 to December 2012. Ini-
tially, 31,988 cases from 18 registries were retrieved. 
Those with incomplete information regarding age, tumor 
size, tumor location, Lauren type, depth of tumor inva-
sion, LNs, non-radical resection, and status of distant 
metastasis were excluded. This dataset was defined as the 
SEER validation dataset.

Patients’ stratification and study endpoints
In the Chinese and SEER datasets, patients with < 16 
and ≥ 16 pathologically rLNs were stratified as two cat-
egories, and defined as the Limited and Adequate sets, 
respectively. They were then restaged according to the 
8th AJCC staging system. The study endpoint was OS, 
defined as the time interval from the date of surgery to 
the last date of follow-up or death. We also aimed to find 
an easy but practical approach, using a staging analogy 
as close as possible to that of the 8th AJCC N stage, to 
classify patients from both sets within corresponding 
nodal subgroups where the OS of the Limited set would 
approximate that of the Adequate set.

LN analysis
The statistical differences in OS of each pathologi-
cal nodal subgroups between these two sets of patients 
were analyzed and based upon the differences observed, 
a modified nodal classification scheme (N’) was pro-
posed to reclassify the patients from the Limited set so 
that within each N’ subgroups, the OS of the Limited set 
approximated that of the Adequate set. For overall stage 
classification assessment, the pN of the 8th AJCC pTNM 
was then replaced by our proposed N’ classification and 
termed as the pTN’M classification.

The prognostic performances of these two nodal clas-
sifications and staging systems were assessed in terms 
of discriminatory ability, i.e., differences in OS among 
patients in different stages (log-rank χ2 test); monotonic-
ity, i.e., association between stages and OS (linear-trend 

χ2 test); and homogeneity, i.e., differences in OS among 
patients within the same stage (likelihood-ratio χ2 test). 
The Akaike information criterion (AIC) was used to 
measure the optimal prognostic stratification of both sets 
of patients. Higher log-rank χ2 and linear-trend χ2 scores 
indicated better discriminatory ability and monotonicity, 
higher likelihood-ratio χ2 score indicated greater homo-
geneity. Smaller AIC values represented more optimal 
prognostic stratification.

Statistical analysis
The Kaplan–Meier method was used for graphical repre-
sentation of the OS curves and the log-rank test was used 
to assess the differences between the survival curves. 
To identify risk factors associated with each nodal clas-
sification and staging system, univariate and multivari-
ate analyses were performed using the log-rank test. The 
log-rank χ2 test, linear-trend χ2 test, likelihood-ratio χ2 
test, and the AIC within the Cox regression model were 
utilized to compare the performance of the two staging 
systems. Hazard ratios (HR) and 95% confidence intervals 
(95%CI) were also generated. Statistical analyses were 
performed using the Statistical Package for the Social 
Sciences (SPSS) software (version 21.0, SPSS Inc., Chi-
cago, IL) and R statistical software (version 3.3.1, the R 
Foundation for Statistical Computing). A P value < 0.05 
(2-sided) was considered as statistically significant.

Results
Clinicopathological features of the Chinese and SEER 
datasets
The patients’ clinicopathological features of both data-
sets are listed in Additional file 2: Table S1. Of the 7911 
patients from the Chinese dataset, 89.9% of them had 
advanced GC. A total of 182,215 LNs were retrieved 
(range 1–118), with an overall number of (23 ± 13) rLNs 
per patient. For the Limited (n = 2414, 30.5%) and Ade-
quate (n = 5497, 69.5%) sets, the number of LNs retrieved 
were (10 ± 4) and (28 ± 12), respectively. Of the 10,208 
SEER cases analyzed, 83.2% had advanced disease and 
for a total number of 176,566 (range 1–90) LNs retrieved, 
the number of rLNs per patient for the Limited (n = 5429, 
53.2%) and Adequate (n = 4779, 46.8%) sets were (9 ± 4) 
and (27 ± 12), respectively. In both datasets, univariate 
analyses showed that the parameters age, tumor location, 
tumor size, Lauren type, pT classification, pN classifica-
tion, modified pN classification (N’ classification), the 
number of LNs retrieved, the 8th pTNM classification, 
and the modified pTNM classification (pTN’M classifica-
tion) were correlated with prognosis, except for sex in the 
Chinese dataset (P = 0.082; Additional file 2: Table S1).
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Proposal of a modified nodal classification and staging 
system using the Chinese dataset
Kaplan Meier analysis was performed to obtain the sta-
tistical associations in OS between the 8th AJCC N sub-
groups of patients from the Limited and Adequate set. 
A significant difference in OS within the corresponding 
N0 to N3a subgroups between the Limited and Adequate 
sets was observed (P < 0.001; Fig. 1a). Using the 8th AJCC 
TNM classification, similar observations between the 
two sets were also observed (Limited vs. Adequate set), 
except for stage IA (P = 0.466) and stage IIIC (P = 0.066) 
(Fig. 2a).

Tables 1 and 2 show the detailed OS of the 8th AJCC 
pN stage. Upon stratifying it into its respective Limited 
and Adequate subgroups, we observed that the OS of 
N0limited to N3alimited was closer to that of N1adequate to 
N3badequate rather than their corresponding N0adequate to 
N3aadequate, respectively (P < 0.001).

Based on these observations, we proposed a nodal 
approach in which only the nodal subgroups N0, N1, 

N2 and N3a from the Limited set were re-classified to 
one higher nodal subgroup, equivalent to N1, N2 N3a 
and N3b, respectively, while those of the Adequate set 
remained unchanged. Of note, patients with pT1N0M0 
lesions from the Limited set were not reclassified in 
order to minimize data heterogeneity, as less extensive 
surgeries (i.e., D1 or D1 + gastrectomy) were performed 
in these patients, compared to the rest of the data-
set, and additionally, there was no significant differ-
ence in OS between the pT1N0M0 of the Limited and 
Adequate set (stage IA, P = 0.466; Tables 1 and 2). This 
new nodal classification (N’) was labeled as N’0 (con-
sisting of N0adequate but also included pT1N0M0 cases 
of the Limited set), N’1 [consisting of both N1adequate 
and N0limited (excluding pT1N0M0 cases of the Limited 
set)], N’2 (N2adequate and N1limited), N’3a (N3aadequate and 
N2limited), and N’3b (N3badequate and N3alimited), respec-
tively (Fig. 1a, b).

Fig. 1  Graphical illustration showing the statistical differences between the overall survival of the different subgroups of pN (a, c) and pN’ (b, d) for 
the Limited and Adequate sets of the Chinese (a, b) and SEER (c, d) datasets. pN pathological nodal classification, pN’ modified pathological nodal 
classification
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Fig. 2  Graphical illustration showing the statistical differences between the overall survival of the different substages of pTNM (a, c) and pTN’M (b, 
d) for the Limited and Adequate sets of the Chinese (a, b) and SEER (c, d) datasets. pTNM pathological tumor-node-metastasis classification, pTN’M 
pathological tumor-modified node-metastasis classification
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Significance of the N’ approach in the Chinese dataset
The resulting OS curves demonstrated a more favorable 
homogenization of survival rates between the newly clas-
sified two sets of patients, as illustrated by the alignment 
of their OS curves in Fig. 1b, except for the N’2 subgroup 
(P = 0.018). Further, less stage migration and considerable 
improvement in OS could be observed in the Combined 
rLN N’ dataset than the Combined 8th AJCC pN dataset 
(Tables 1, 2); i.e., the OS of N’0 to N’3a patients were less 
underestimated and that of N’3b were less overestimated.

Next, we replaced the pN classification of the 8th 
AJCC pTNM staging system with our N’ classification 

to form the pTN’M classification. Stratified analy-
ses demonstrated an improved statistical association 
between the Limited and Adequate set in which all P val-
ues between the two sets from the same sub-stage were 
greater than 0.05; representing an improved homogene-
ity of the proposed pTN’M classification (IIA’: P = 0.657; 
IIB’: P = 0.826; IIIA’: P = 0.753; IIIB’: P = 0.949; IIIC’: 
P = 0.706) (Fig. 2b). The detailed change in OS from the 
8th AJCC pTNM classification to the pTN’M classifica-
tion is shown in Tables 1, 2.

Furthermore, to avoid interference of collinear-
ity between the 8th AJCC pTNM and the pTN’M 

Table 1  Analysis of the 5-year overall survival rates of patients using the 8th AJCC pN classification stratified into limited (< 16 rLNs) 
and adequate (≥ 16 rLNs) rLN set (Chinese multicenter dataset)

* Contained patients with pT1N0M0 lesions (Chinese dataset, n = 250) from the Limited set who were not reclassified to 1 higher nodal stage to minimize data 
heterogeneity, as less extensive surgeries (i.e., D1 or D1 + gastrectomy) were performed in these patients, compared to the rest of the dataset, and additionally there 
was no significant difference in OS between the pT1N0M0 of the Limited and Adequate set (P = 0.466; data not shown).—no cases, rLNs retrieved lymph nodes, OS 
overall survival rate, AJCC American Joint Committee on Cancer, pN pathological nodal classification, pN’ modified pathological nodal classification, pTNM pathological 
tumor-node-metastasis classification, pTN’M pathological tumor-modified node-metastasis classification

Stage Limited rLN dataset Stage Adequate rLN dataset P value 
(Limited vs. 
Adequate 
rLN dataset)

Stage Combined rLN dataset

n (%) 5-year OS 
(%)

n (%) 5-year OS 
(%)

n (%) 5-year OS (%)

pN (n = 2414) pN (n = 5497) pN (n = 7911)

 N0 1063 (44.0) 72.2 1807 (32.9) 84.0  < 0.001 2870 (36.3) 79.6

 N1 518 (21.5) 45.5 885 (16.1) 65.5  < 0.001 1403 (17.7) 57.6

 N2 558 (23.1) 32.0 989 (18.0) 51.2  < 0.001 1547 (19.6) 44.0

 N3a 275 (11.4) 13.2 1132 (20.6) 30.3  < 0.001 1407 (17.8) 26.9

 N3b – – 684 (12.4) 14.9 – 684 (8.6) 14.9
*pN’ (n = 2164) *pN’ (n = 5747) pN’ (n = 7911)

 N’0 – – 2057 (35.8)* 85.5 – 2057 (26.0) 85.5

 N’1 813 (37.6) 65.3 885 (15.4) 65.5 0.913 1698 (21.5) 65.3

 N’2 518 (23.9) 45.5 989 (17.2) 51.2 0.018 1507 (19.0) 49.1

 N’3a 558 (25.8) 32.0 1132 (19.7) 30.3 0.437 1690 (21.4) 30.9

 N’3b 275 (12.7) 13.2 684 (11.9) 14.9 0.582 959 (12.1) 14.4

pTNM (n = 2414) pTNM (n = 5497) pTNM (n = 7911)

 IA 250 (10.4) 95.9 551 (10.0) 96.9 0.466 801 (10.1) 96.6

 IB 227 (9.4) 77.3 508 (9.2) 87.8  < 0.001 735 (9.3) 84.4

 IIA 234 (9.7) 66.4 465 (8.5) 80.2  < 0.001 699 (8.8) 75.5

 IIB 587 (24.3) 57.3 912 (16.6) 66.8  < 0.001 1499 (18.9) 63.0

 IIIA 785 (32.5) 34.2 1291 (23.5) 51.1  < 0.001 2076 (26.2) 44.5

 IIIB 294 (12.2) 14.4 1046 (19.0) 30.0  < 0.001 1340 (16.9) 26.4

 IIIC 37 (1.5) 5.0 724 (13.2) 14.0 0.066 761 (9.6) 13.6
*pTN’M (n = 2164) *pTN’M (n = 5747) pTN’M (n = 7911)

 IA’ – – 801 (13.9)* 96.6 – 801 (10.1) 96.6

 IB’ – – 508 (8.8) 87.8 – 508 (6.4) 87.8

 IIA’ 227 (10.5) 77.3 465 (8.1) 80.2 0.657 692 (8.7) 79.2

 IIB’ 234 (10.8) 66.4 912 (15.9) 66.8 0.826 1146 (14.5) 66.7

 IIIA’ 890 (41.1) 51.0 1291 (22.5) 51.1 0.753 2181 (27.6) 51.1

 IIIB’ 515 (23.8) 30.7 1046 (18.2) 30.0 0.949 1561 (19.7) 30.2

 IIIC’ 298 (13.8) 11.7 724 (12.6) 14.0 0.706 1022 (12.9) 13.3
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classification, two separate multivariate analyses were 
performed. The clinicopathological factors found to 
be independently correlated with OS were age, tumor 
location, tumor size, Lauren type, pT, pN and N’ clas-
sification. Importantly, the number of LNs retrieved 
(Limited vs. Adequate) was only found to be an inde-
pendent factor for the 8th AJCC pTNM classification 
(P < 0.001), whereas it was not found to be independ-
ent for our proposed pTN’M classification (P = 0.940; 
Table 3).

Validation of the modified nodal classification and staging 
system in the SEER dataset
When the same analyses were performed using the 
SEER dataset, similar findings as to that of the Chi-
nese dataset were observed. Briefly, significant differ-
ences between the OS of patients in the Limited and 
Adequate set were observed when staged according to 
the AJCC pN classification (N0–N3a, P < 0.001; Fig. 1c) 
and the 8th AJCC pTNM staging system (IA–IIIB, 

Table 2  Analysis of the 5-year overall survival rates of patients using the 8th AJCC pN classification stratified into limited (< 16 rLNs) 
and adequate (≥ 16 rLNs) rLN set (SEER multiethnicity dataset)

* Contained patients with pT1N0M0 lesions (SEER dataset, n = 1104) from the Limited set who were not reclassified to 1 higher nodal stage to minimize data 
heterogeneity, as less extensive surgeries (i.e., D1 or D1 + gastrectomy) were performed in these patients, compared to the rest of the dataset, and additionally there 
was no significant difference in OS between the pT1N0M0 of the Limited and Adequate set (P = 0.466; data not shown).—no cases, rLNs retrieved lymph nodes, OS 
overall survival rate, AJCC American Joint Committee on Cancer, pN pathological nodal classification, pN’ modified pathological nodal classification, pTNM pathological 
tumor-node-metastasis classification, pTN’M pathological tumor-modified node-metastasis classification

Stage Limited rLN dataset Stage Adequate rLN dataset P value 
(Limited vs. 
Adequate 
rLN dataset)

Stage Combined rLN dataset

n (%) 5-year OS 
(%)

n (%) 5-year OS 
(%)

n (%) 5-year OS (%)

pN (n = 5429) pN (n = 4779) pN (n = 10,208)

 N0 2516 (46.3) 57.3 1499 (31.4) 71.5  < 0.001 4015 (39.3) 62.2

 N1 1258 (23.2) 32.1 810 (16.9) 54.7  < 0.001 2068 (20.3) 40.3

 N2 1037 (19.1) 24.3 813 (17.0) 37.3  < 0.001 1850 (18.1) 29.9

 N3a 618 (11.4) 10.8 1036 (21.7) 22.0  < 0.001 1654 (16.2) 17.8

 N3b – – 621 (13.0) 9.0 – 621 (6.1) 9.0
*pN’ (n = 4325) *pN’ (n = 5883) pN’ (n = 10,208)

 N’0 – – 2603 (44.2)* 71.8 – 2603 (25.5) 71.8

 N’1 1412 (32.6) 46.4 810 (13.8) 54.7 0.011 2222 (21.8) 49.1

 N’2 1258 (29.1) 32.1 813 (13.8) 37.3 0.001 2071 (20.3) 34.1

 N’3a 1037 (24.0) 24.3 1036 (17.6) 22.0 0.854 2073 (20.3) 23.2

 N’3b 618 (14.3) 10.8 621 (10.6) 9.0 0.548 1239 (12.1) 9.9

pTNM (n = 5429) pTNM (n = 4779) pTNM (n = 10,208)

 IA 1104 (20.3) 614 (12.8) 85.2  < 0.001 1718 (16.8) 76.6

 IB 652 (12.0) 56.4 396 (8.3) 74.2  < 0.001 1048 (10.3) 62.6

 IIA 876 (16.1) 44.1 631 (13.2) 62.7  < 0.001 1507 (14.8) 51.3

 IIB 878 (16.2) 32.9 629 (13.2) 46.9  < 0.001 1507 (14.8) 38.2

 IIIA 1164 (21.4) 22.0 848 (17.7) 38.9  < 0.001 2012 (19.7) 28.9

 IIIB 672 (12.4) 12.4 971 (20.3) 22.1  < 0.001 1643 (16.1) 18.1

 IIIC 83 (1.5) 1.9 690 (14.4) 8.7 0.093 773 (7.6) 7.8
*pTN’M (n = 4325) *pTN’M (n = 5883) pTN’M (n = 10,208)

 IA’ 1718 (29.2)* 76.6 1718 (16.8) 76.6

 IB’ 396 (6.7) 74.2 396 (3.9) 74.2

 IIA’ 652 (15.1) 56.4 631 (10.7) 62.7 0.066 1283 (12.6) 59.3

 IIB’ 876 (20.3) 44.1 629 (10.7) 46.9 0.356 1505 (14.7) 45.1

 IIIA’ 1116 (25.8) 30.4 848 (14.4) 38.9  < 0.001 1964 (19.2) 33.9

 IIIB’ 1009 (23.3) 21.5 971 (16.5) 22.1 0.071 1980 (19.4) 21.8

 IIIC’ 672 (15.5) 10.7 690 (11.7) 8.7 0.704 1362 (13.3) 9.7
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P < 0.001), except for stage IIIC patients’ (P = 0.093) 
(Fig.  2c). Applying this modified nodal system to the 
SEER dataset also demonstrated better homogeneity 
between the OS of these two sets of patients, either 
in terms of statistical difference or shorter separa-
tion between the Limited and Adequate set survival 
curves (Limited vs. Adequate set, N’1, P = 0.011; N’2, 
P = 0.001; N’3a, P = 0.854; N’3b, P = 0.548; Fig. 1d; IIA’, 
P = 0.066; IIB’, P = 0.356; IIIA’, P < 0.001; IIIB’, P = 0.071; 
IIIC’, P = 0.704; Fig. 2d). Further, the detailed ameliora-
tion in OS from the 8th AJCC pN classification to the 

N’ classification and the 8th AJCC pTNM staging sys-
tem to the pTN’M system can be observed in Tables 1 
and 2.

Performance of the modified nodal classification 
and staging system
The clinical reliability for differentiating between each 
subgroup within the nodal classification and TNM stages 
when patients from both the Adequate and Limited sets 
were analyzed as a single dataset was measured in terms 
of the log-rank χ2, linear trend χ2 and likelihood ratio χ2. 

Table 3  Multivariate analysis of clinicopathological characteristics for the Chinese dataset

* Multivariate analysis Model 1: Clinicopathological factors including the 8th AJCC N classification. †Multivariate analysis Model 2: Clinicopathological factors including 
our proposed N’ classification. HR hazard ratio, CI confidence interval, Ref the corresponding variable subgroup which was used as reference when performing the 
multivariate analysis, T tumor size, LN lymph node, pT or pN pathological tumor or nodal classification, N’ modified nodal classification, NS non-significant, AJCC 
American Joint Commission on Cancer

Model 1* Model 2†

Characteristics HR 95% CI P value Characteristics HR 95% CI P value

Age (years)

 ≤ 60 Ref Ref

 > 60 1.344 1.254–1.440  < 0.001 1.342 1.252–1.437  < 0.001

Tumor size (cm)

 ≤ 4.5 Ref Ref

 > 4.5 1.252 1.164–1.347  < 0.001 1.254 1.166–1.348  < 0.001

Tumor location

 Lower 1/3 Ref Ref

 Middle 1/3 1.216 1.106–1.336  < 0.001 1.214 1.105–1.335  < 0.001

 Upper 1/3 1.132 1.039–1.234 0.005 1.126 1.034–1.227 0.006

 Entire stomach 1.575 1.404–1.767  < 0.001 1.561 1.392–1.750  < 0.001

Lauren type

 Intestinal Ref Ref

 Diffuse 1.162 1.081–1.249  < 0.001 1.160 1.079–1.247  < 0.001

Total LNs retrieval

 ≥ 16 Ref Ref

 < 16 1.583 1.463–1.712  < 0.001 0.997 0.924–1.075 0.940

pT

 T1 Ref Ref

 T2 4.329 3.225–5.810  < 0.001 3.785 2.807–5.104  < 0.001

 T3 4.943 3.676–6.645  < 0.001 4.337 3.210–5.860  < 0.001

 T4a 6.096 4.568–8.136  < 0.001 5.345 3.985–7.171  < 0.001

 T4b 8.144 5.994–11.066  < 0.001 7.143 5.234–9.749  < 0.001

pN N’

 N0 Ref  N0 Ref

 N1 1.853 1.645–2.087  < 0.001  N1 1.738 1.493–2.024  < 0.001

 N2 2.530 2.264–2.827  < 0.001  N2 2.752 2.383–3.183  < 0.001

 N3a 4.325 3.865–4.839  < 0.001  N3a 4.264 3.706–4.907  < 0.001

 N3b 6.376 5.586–7.278  < 0.001  N3b 6.573 5.673–7.616  < 0.001
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Their overall prognostic abilities were analyzed by calcu-
lating their AIC value. As shown in Table 4, the perfor-
mance of the pTN’M staging system for both the Chinese 
and SEER datasets was found to be superior to the 8th 
AJCC pTNM staging system; demonstrating promising 
applicability of the N’ classification in datasets of GC 
patients comprising of both Limited and Adequate num-
ber of rLNs, irrespective of patient ethnicity and possible 
differences in treatment strategies between the Chinese 
and non-Chinese datasets.

Discussion
Adequate perioperative LN retrieval is critical for proper 
pathological staging, the most accurate diagnosis for the 
patients, as it guides the necessity for adjuvant therapy, 
the use of single or double regimen, or requirement of 
combination therapy (i.e., chemoradiotherapy); which 
directly affects patients’ outcomes. It is relevant for other 
GI cancers as well such as colorectal cancer (recom-
mended rLN = 12) which also emphasizes the removal 
of adequate LNs for proper post-operative staging. How-
ever, LN harvesting is laborious and time-consuming. In 
both gastric and colorectal cancers, numerous researches 
have been performed in an attempt to resolve the unmet 
clinical need of adequate LN retrieval and proper clas-
sification of those with limited rLNs. Operatively, differ-
ent types of dyes [17, 18] and techniques [19, 20] have 
been proposed, and post-operatively, complicated cal-
culations such as extranodal extension (ENE), log odds 
of positive lymph nodes (LODDS), lymph node ratio 
(LNR), and more have been proposed, however, the rate 
of wide clinical application of these techniques have been 
low. This could be due to the requirement of additional 
perioperative labor by the surgeons and pathologists, or 
complicated calculations which deviate extensively from 
the conventionally used AJCC staging system. Thus, in 
this study, we propose and validate a novel nodal stag-
ing system using the AJCC N classification as base, to 
confront the major challenge regarding stage migration 

existing between patients having Limited and Adequate 
rLNs when they are staged within the same TNM staging 
system.

Our proposed classification approach markedly mini-
mized the survival difference between patients of the 
Limited and Adequate sets and demonstrated bet-
ter prognostic ability (AIC of the pTN’M vs. 8th AJCC 
pTNM: Chinese dataset, 55,207 vs. 55,324, and SEER 
dataset, 84,568 vs. 84,730) than the 8th AJCC pTNM 
staging system, in both a Chinese multicenter and SEER 
multi-ethnicity datasets.

There were some notable exceptions observed 
despite implementing the N’ classification in certain 
nodal subgroups of the Chinese and SEER datasets. 
For instance, significant statistical differences were 
observed between the Limited and Adequate set for N’2 
(P = 0.018; Fig. 1b) in the Chinese dataset, and N’1 and 
N’2 (P = 0.011 and P = 0.001; Fig. 1d) in the SEER data-
set. This could be a multifactorial issue related to the 
number of patients in these subgroups, total number of 
rLNs, ratio of metastatic LNs between the Limited and 
Adequate set, etc. Additional analysis of the datasets 
to further address this issue was performed by assess-
ing the independent clinicopathological factors associ-
ated with OS in both datasets (data not shown). For the 
Chinese dataset, we suggest that this could be due to 
the large number of T4a patients in the N1 subgroup 
of the Limited set (N0 vs. N1 vs. N2 vs. N3a: 40.9% vs. 
58.7% vs. 61.1% vs. 62.9%), which was almost similar to 
that of the N2 and N3a subgroups, thereby leading to 
a significantly lower than expected OS in this patients’ 
subgroup. For the SEER dataset, we hypothesized that 
this could be associated with the relatively high num-
ber of T3 patients in the N’1 subgroup and relatively 
low number of rLNs in the N’2 subgroup. However, its 
impact on the TNM classification was not as significant 
(Fig.  2), except for the SEER dataset stage IIIA’. Addi-
tionally, compared to the 8th AJCC pN subgroups for 
which all P value were initially less than 0.001 and upon 

Table 4  Performance of the 8th AJCC TNM classification to the proposed pTN’M classification in the Chinese and SEER datasets

AIC Akaike information criterion, pTNM pathological tumor-node-metastasis classification, N’ modified nodal classification, AJCC American Joint Commission on 
Cancer

Statistical parameters Chinese dataset SEER dataset

8th AJCC pTNM 
classification

Proposed pTN’M 
classification

8th AJCC pTNM 
classification

Proposed 
pTN’M 
classification

AIC 55,324 55,207 84,730 84,568

Log-rank χ2 2139 2298 1926 2122

Linear trend χ2 1531 1630 1649 1798

Likelihood ratio χ2 2135 2252 1863 2025
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reclassification using the modified nodal groupings, 
narrower survival gaps between these corresponding 
Limited and Adequate nodal subgroups were observed, 
thereby proving that the proposed classification strat-
egy could bring more homogeneity in terms of OS 
between patients of the Limited and Adequate set of 
the same subgroups.

Previously, the LNR and LODDS were among the com-
mon attempts to tackle this stage migration effect [21–24]. 
Comparatively, the proposed N’ classification includes the 
following advantages: first, the N’ classification has con-
siderable resemblance to the 8th AJCC LN classification 
methodology, with the exception that patients with < 16 
LNs were promoted to one higher nodal class, and would 
be easier to implement. Second, the N’ classification does 
not require mind-straining mathematical calculations, 
unlike the LNR or LODD. Third, N’ classification is more 
stable to use as the cut-off values of the LNR and LODDs 
tend to vary between different institutions and even dif-
ferent patient datasets of the same institution; making 
them less reliable as a standardized approach.

The strengths of the N’ classification are as follows. First, 
it was developed based on the data of 358,781 surgically 
retrieved LNs derived from a large cohort of high-volume 
Chinese GC institutions and validated in a larger Western 
population. This demonstrates that although there exist 
differences in patient characteristics, treatment strategies, 
and survival outcomes between the Chinese and SEER 
datasets, however, the proposed classification could still be 
applied in different populations of GC and was superior to 
the 8th AJCC classification in both populations (Additional 
file  2: Table  S1); indicating reliable clinical applicability. 
Second, it homogenized the classification of the Limited 
set of patients by classifying them in sub-groups corre-
sponding closer to their actuarial OS; thereby decreasing 
the effect of stage migration (Figs. 1, 2, and Tables 1 and 
2). Consequently, this led to a more homogeneous distri-
bution of patients with < 16 and ≥ 16 rLNs between each 
subgroup (N’0–N’3b) of the N’ classification, as com-
pared to the 8th AJCC pN classification, and rendered LNs 
retrieved for the multivariate Model 2 a non-independent 
factor for OS (P = 0.940, as NS in Table  4). Lastly, as N’ 
classification has a close resemblance to the nodal classi-
fication methodology of the 8th AJCC N classification, it 
could be clinically more efficiently and widely applied, i.e., 
in institutions where high-quality gastrectomies are dif-
ficult to be performed (i.e., leading to a high number of 
gastrectomies with < 16 rLNs) or in under-resourced coun-
tries where important prognostic factors usually utilized 
in predictive models such as nomograms [25, 26] might be 
unavailable (i.e., CA-724, HER-2, genetic data) to provide 
more accurate individualized OS predictions.

Despite the potential clinical significance of this study, 
there were certain shortcomings worth mentioning. First, 
due to the retrospective nature of this multicenter study, 
there may have been a lack of standardized methods in 
the handling of pathological specimens for which some 
differences between the number of LNs resected surgi-
cally compared to those manually retrieved post-opera-
tively for pathological investigation may exist between 
the two populations. The former reflects the surgical 
quality of gastrectomies, while the latter affects the stag-
ing quality and subsequent prognostic classification of 
patients. Second, due to the notable exceptions observed 
in certain nodal subgroups, despite implementing the N’ 
classification strategy, larger studies in other populations 
are still required to further validate these findings.

Conclusion
In conclusion, this study proposes a simple and practi-
cal method for a more standardized approach to homog-
enously classify cohorts of GC patients having Limited 
and Adequate number of retrieved LNs. The proposed 
nodal classification analogy imposes minor modification 
to the routinely used AJCC nodal classification and has 
demonstrated compelling results upon external valida-
tion in a large cohort of Western population; thus, sug-
gesting possible wide clinical applicability in different GC 
populations.

Abbreviations
AIC: Akaike information criterion; AJCC: American Joint Committee on Cancer; 
CI: Confidence intervals; GC: Gastric cancer; HR: Hazard ratios; LN: Lymph node; 
LNR: Lymph node ratio; LODDS: Log odds of metastatic lymph nodes; rLNs: 
Retrieved lymph nodes; N’: Modified nodal classification; N0adequate: Patients 
with adequate number of surgically retrieved lymph nodes (≥ 16) staged as 
N0; N0limited: Patients with limited number of surgically retrieved lymph nodes 
(< 16) staged as N0; NCCN: National Comprehensive Cancer Network; OS: 
Overall survival; pN: Pathological nodal classification; pN’: Modified pathologi‑
cal nodal classification; pTNM: Pathological tumor-node-metastasis classifica‑
tion; pTN’M: Pathological tumor-modified node-metastasis classification; R0: 
Tumor resection with no residual macroscopic or microscopic cancer lesion; 
SEER: Surveillance, epidemiology, and end results; SPSS: Statistical Package for 
the Social Sciences; SD: Standard deviation; TNM: Tumor-node-metastasis.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40779-​022-​00375-2.

Additional file 1: Fig. S1. Flow chart illustrating the case selection pro‑
cess of the Chinese dataset.

Additional file 2: Table S1. Univariate analysis of the clinicopathological 
characteristics for patients from the Chinese dataset and SEER dataset.

Acknowledgements
None.

https://doi.org/10.1186/s40779-022-00375-2
https://doi.org/10.1186/s40779-022-00375-2


Page 11 of 11Wang et al. Military Medical Research            (2022) 9:15 	

Authors’ contributions
WW, ZNW, HMX, HL, and ZWZ were responsible for this study conception and 
design. Data collection and assembly were performed by WW, YJY, RHZ, JYD, 
ZS, and SRS. All authors participated in the data analysis and interpretation, 
and manuscript writing. All authors read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (81802451), the China Postdoctoral Science Foundation (2017M622879), 
the Natural Science Foundation of Guangdong Province (2114050002182, 
2018A030313827 and 2021A1515011327), and the Young Teacher Training 
Program of Sun Yat-sen University (19ykpy172).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request. The SEER datasets used in 
this study can be freely available at the following address: https://​seer.​cancer.​
gov/.

Declarations

Ethics approval and consent to participate
The study protocol adhered to the regulations of the Declaration of Helsinki 
(as revised in Edinburgh 2000) and was approved by the Sun Yat-Sen Univer‑
sity Cancer Center institutional review board (B2022-161-01). The institutional 
review board of the other participation institutions approved consent waivers 
because of the anonymous and purely observational nature of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Gastric Surgery, Sun Yat-Sen University Cancer Center, Guang‑
zhou 510060, China. 2 State Key Laboratory of Oncology in South China, Col‑
laborative Innovation Center for Cancer Medicine, Guangzhou 510060, China. 
3 Department of Gastric Cancer Surgery, Tianjin Medical University Cancer 
Institute and Hospital, Tianjin 300000, China. 4 Department of Surgical Oncol‑
ogy, the First Hospital of China Medical University, Shenyang 110000, China. 

Received: 12 July 2021   Accepted: 22 March 2022

References
	1.	 Hirasawa T, Fujisaki J, Fukunaga T, Yamamoto Y, Yamaguchi T, Katori M, 

et al. Lymph node metastasis from undifferentiated-type mucosal gastric 
cancer satisfying the expanded criteria for endoscopic resection based 
on routine histological examination. Gastric Cancer. 2010;13(4):267–70.

	2.	 Paulino F, Roselli A. Early gastric cancer: report of twenty-five cases. 
Surgery. 1979;85(2):171–6.

	3.	 Li T, Yang M. Electrochemical sensor utilizing ferrocene loaded porous 
polyelectrolyte nanoparticles as label for the detection of protein bio‑
marker IL-6. Sens Actuator B Chem. 2011;158(1):361–5.

	4.	 Mou L, Dong R, Hu B, Li Z, Zhang J, Jian X. Hierarchically structured micro‑
chip for point-of-care immunoassays with dynamic detection ranges. Lab 
Chip. 2019;19(16):2750–7.

	5.	 Russell C, Ward AC, Vezza V, Hoskisson P, Alcorn D, Steenson DP, et al. 
Development of a needle shaped microelectrode for electrochemical 
detection of the sepsis biomarker interleukin-6 (IL-6) in real time. Biosens 
Bioelectron. 2019;126:806–14.

	6.	 Wang FH, Zhang XT, Li YF, Tang L, Qu XJ, Ying JE, et al. The Chinese 
Society of Clinical Oncology (CSCO): Clinical guidelines for the diag‑
nosis and treatment of gastric cancer, 2021. Cancer Commun (Lond). 
2021;41(8):747–95.

	7.	 Sano T, Coit DG, Kim HH, Roviello F, Kassab P, Wittekind C, et al. Proposal 
of a new stage grouping of gastric cancer for TNM classification: 

International Gastric Cancer Association staging project. Gastric Cancer. 
2017;20(2):217–25.

	8.	 Mullaney PJ, Wadley MS, Hyde C, Wyatt J, Lawrence G, Hallissey MT, et al. 
Appraisal of compliance with the UICC/AJCC staging system in the stag‑
ing of gastric cancer. Union Internacional Contra la Cancrum/American 
Joint Committee on Cancer. Br J Surg. 2002;89(11):1405–8.

	9.	 Reid-Lombardo KM, Gay G, Patel-Parekh L, Ajani JA, Donohue JH, Gastric 
Patient Care Evaluation Group from the Commission on C. Treatment of 
gastric adenocarcinoma may differ among hospital types in the United 
States, a report from theNational Cancer Data Base. J Gastrointest Surg. 
2007;11(4):410–9 (discussion 9–20).

	10.	 Wang J, Dang P, Raut CP, Pandalai PK, Maduekwe UN, Rattner DW, et al. 
Comparison of a lymph node ratio-based staging system with the 7th 
AJCC system for gastric cancer: analysis of 18,043 patients from the SEER 
database. Ann Surg. 2012;255(3):478–85.

	11.	 Makino M, Moriwaki S, Yonekawa M, Oota M, Kimura O, Kaibara N. Prog‑
nostic significance of the number of metastatic lymph nodes in patients 
with gastric cancer. J Surg Oncol. 1991;47(1):12–6.

	12.	 Seeruttun SR, Xu L, Wang F, Yi X, Fang C, Liu Z, et al. A homogenized 
approach to classify advanced gastric cancer patients with limited and 
adequate number of pathologically examined lymph nodes. Cancer 
Commun (Lond). 2019;39(1):32.

	13.	 Roder JD, Bottcher K, Busch R, Wittekind C, Hermanek P, Siewert JR. 
Classification of regional lymph node metastasis from gastric carcinoma. 
German Gastric Cancer Study Group. Cancer. 1998;82(4):621–31.

	14.	 Smith DD, Schwarz RR, Schwarz RE. Impact of total lymph node count 
on staging and survival after gastrectomy for gastric cancer: data from a 
large US-population database. J Clin Oncol. 2005;23(28):7114–24.

	15.	 Schwarz RE, Smith DD. Clinical impact of lymphadenectomy extent 
in resectable gastric cancer of advanced stage. Ann Surg Oncol. 
2007;14(2):317–28.

	16.	 Smith DL, Elting LS, Learn PA, Raut CP, Mansfield PF. Factors influencing 
the volume-outcome relationship in gastrectomies: a population-based 
study. Ann Surg Oncol. 2007;14(6):1846–52.

	17.	 Silva CO, Pinho JO, Lopes JM, Almeida AJ, Gaspar MM, Reis C. Current 
trends in cancer nanotheranostics: metallic, polymeric, and lipid-based 
systems. Pharmaceutics. 2019;11(1):22.

	18.	 van Manen L, Handgraaf HJM, Diana M, Dijkstra J, Ishizawa T, Vahrmei‑
jer AL, et al. A practical guide for the use of indocyanine green and 
methylene blue in fluorescence-guided abdominal surgery. J Surg Oncol. 
2018;118(2):283–300.

	19.	 Lindboe CF. Lymph node harvest in colorectal adenocarcinoma speci‑
mens: the impact of improved fixation and examination procedures. 
APMIS Acta Pathol Microbiol Immunol Scand. 2011;119(6):347–55.

	20.	 Yeh CC, Pan CF, Liu HW, Lin JC, Fang LH, Lee HS, et al. Using the fat-
clearing technique to improve lymph node retrieval in colorectal cancer. 
Int J Surg Pathol. 2021;29(4):385–91.

	21.	 Liu H, Deng J, Zhang R, Hao X, Jiao X, Liang H. The RML of lymph node 
metastasis was superior to the LODDS for evaluating the prognosis of 
gastric cancer. Int J Surg. 2013;11(5):419–24.

	22.	 Sun Z, Zhu GL, Lu C, Guo PT, Huang BJ, Li K, et al. The impact of N-ratio 
in minimizing stage migration phenomenon in gastric cancer patients 
with insufficient number or level of lymph node retrieved: results 
from a Chinese mono-institutional study in 2159 patients. Ann Oncol. 
2009;20(5):897–905.

	23.	 Wang W, Li YF, Sun XW, Chen YB, Li W, Xu DZ, et al. Prognosis of 980 
patients with gastric cancer after surgical resection. Chin J Cancer. 
2010;29(11):923–30.

	24.	 Wang W, Xu DZ, Li YF, Guan YX, Sun XW, Chen YB, et al. Tumor-ratio-
metastasis staging system as an alternative to the 7th edition UICC TNM 
system in gastric cancer after D2 resection—results of a single-institution 
study of 1343 Chinese patients. Ann Oncol. 2011;22(9):2049–56.

	25.	 Han DS, Suh YS, Kong SH, Lee HJ, Choi Y, Aikou S, et al. Nomogram pre‑
dicting long-term survival after d2 gastrectomy for gastric cancer. J Clin 
Oncol. 2012;30(31):3834–40.

	26.	 Hirabayashi S, Kosugi S, Isobe Y, Nashimoto A, Oda I, Hayashi K, et al. 
Development and external validation of a nomogram for overall survival 
after curative resection in serosa-negative, locally advanced gastric 
cancer. Ann Oncol. 2014;25(6):1179–84.

https://seer.cancer.gov/
https://seer.cancer.gov/

	Standardizing the classification of gastric cancer patients with limited and adequate number of retrieved lymph nodes: an externally validated approach using real-world data
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Patients and eligibility criteria
	Retrieval of patients from the SEER database
	Patients’ stratification and study endpoints

	LN analysis
	Statistical analysis

	Results
	Clinicopathological features of the Chinese and SEER datasets
	Proposal of a modified nodal classification and staging system using the Chinese dataset
	Significance of the N’ approach in the Chinese dataset
	Validation of the modified nodal classification and staging system in the SEER dataset
	Performance of the modified nodal classification and staging system

	Discussion
	Conclusion
	Acknowledgements
	References


