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Standardizing the classification of gastric G

cancer patients with limited and adequate
number of retrieved lymph nodes: an externally
validated approach using real-world data

Wei Wang'?!, Yu-Jie Yang'?, Ri-Hong Zhang'*", Jing-Yu Deng?, Zhe Sun*', Sharvesh Raj Seeruttun'?,
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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 RO 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 NO-N3a) using the 8th
AJCC system was observed but the OS of NOjieq VS N1ogequater N iimited VS N2adequater N2iimited VS- N38agequates aNd
N3ajmited VS N3D,gequate SUDGroups 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 pT1NOMO 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,O = Noadequate + pT1 NOMOIimited' N1 =N1 adequate+ No\imited (excluding pTTNOMOlimited)
N2=N2,5equate T NTjimitear N'38 =N3a,geq0ate T N2jimireq; aNd N'3D =N3b, yeqare + N3ajimieq). This N'classification dem-
onstrated less heterogeneity in OS between the Limited and Adequate subgroups. Further analyses demonstrated
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the SEER dataset.

and > 16 rLNs.

metastasis, Staging system, Overall survival

superior statistical performance of the pTN'M system over the 8th AJCC edition and was successfully validated using

Conclusion: The proposed nodal staging strategy was successfully validated in large multi-ethnic GC datasets and
represents a practical approach for homogenizing the classification of GC cohorts comprising of patients with< 16

Keywords: Lymph nodes, Limited, Adequate, Gastric cancer, American Joint Committee on Cancer, Tumor-node-

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 NO 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; RO 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., RO 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 y* test); monotonic-
ity, i.e., association between stages and OS (linear-trend
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x° test); and homogeneity, i.e., differences in OS among
patients within the same stage (likelihood-ratio y* test).
The Akaike information criterion (AIC) was used to
measure the optimal prognostic stratification of both sets
of patients. Higher log-rank y* and linear-trend y* scores
indicated better discriminatory ability and monotonicity,
higher likelihood-ratio x* 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 y? test, linear-trend y* test, likelihood-ratio x*
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 4+13) rLNs
per patient. For the Limited (n=2414, 30.5%) and Ade-
quate (n=5497, 69.5%) sets, the number of LN 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
NO 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
NOjimiteq t0 N3ayieq Was closer to that of N1 to
N3b,gequate Father than their corresponding NO to
N3a,4equater T€SPeCtively (P<0.001).

Based on these observations, we proposed a nodal
approach in which only the nodal subgroups NO, N1,

adequate

adequate
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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 pT1INOMO
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 pTINOMO 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 NO,gequate Put also included pTINOMO cases
of the Limited set), N'1 [consisting of both N1,4.quate
and NOy; . ieq (excluding pTINOMO cases of the Limited
set)], N2 (Nzadequate and Nllimited)’ N'3a (Ngaadequate and
N2jimitea)» and N’3b (N3b and N3ay;..q), respec-
tively (Fig. 1a, b).

adequate
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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)

Stage Limited rLN dataset Stage Adequate rLN dataset Pvalue Stage Combined rLN dataset
n (%) 5-year OS n (%) 5-year OS gﬁ:(;t: ;:it:s. n (%) 5-year OS (%)
(%) (%) rLN dataset)

pN (n=2414) pN (n=5497) pN (n=7911)
NO 1063 (44.0) 72.2 1807 (329) 84.0 <0.001 2870(36.3) 79.6
N1 8(215) 455 885(16.1) 655 <0.001 1403 (17.7) 576
N2 558(23.1) 320 989 (18.0) 512 <0.001 1547 (19.6) 44.0
N3a 275(114) 132 1132 (206) 303 <0.001 1407 (17.8) 269
N3b - - 684 (124) 149 - 684 (86) 149

"N’ (n=2164) "N’ (n=5747) PN (n=7911)
N'O - - 2057 (358)" 855 - 2057 (26.0) 855
N1 813 (376) 653 885(154) 655 0913 1698 (21.5) 653
N2 518(239) 455 989(17.2) 512 0018 1507 (19.0) 49.1
N'3a 558(258) 320 1132(19.7) 303 0437 1690 (21.4) 309
N'3b 275(127) 132 684 (119 149 0.582 959 (12.1) 144

pTNM (n=2414) pTNM (n=5497) PTNM (n=7911)
1A 250(104) 959 551(100) 969 0.466 801 (10.1) 966
1B 227 (94) 77.3 508(9.2) 878 <0.001 735(9.3) 844
1A 2349.7) 66.4 465(85) 802 <0.001 699 (8.8) 755
IIB 587 (243) 573 912 (166) 66.8 <0.001 1499 (18.9) 63.0
A 785(325) 342 1291 (23.5) 51.1 <0.001 2076 (26.2) 44.5
1B 294(122) 144 1046 (19.0)  30.0 <0.001 1340 (16.9) 264
e 37(1.5) 5.0 724(132) 140 0.066 761(96) 136

"PTN'M (n=2164) pIN'M (n=5747) pIN'M (n=7911)
IA - - 801 (13.9) 96,6 - 801 (10.1) 96.6
1B - - 508(8.8) 878 - 508 (64) 8738
A 227 (105) 773 465(8.1) 802 0.657 692 (87) 792
1B’ 234(108) 664 912(159) 66.8 0.826 1146 (14.5) 66.7
A’ 890 (41.1) 510 1291 (22.5) 511 0.753 2181 (276) 51.1
1IB’ 515(23.8) 307 1046 (18.2) 300 0.949 1561 (19.7) 302
nc 298 (138) 117 724 (126) 140 0.706 1022 (129) 133

" Contained patients with pT1NOMO 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 pT1NOMO 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

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 pIN'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 pINM and the pTN'M
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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)

Stage Limited rLN dataset Stage Adequate rLN dataset P value Stage Combined rLN dataset
n (%) 5-year OS n (%) 5-year OS E\L(',?ét: ;:lt:s. n (%) 5-year OS (%)
(%) (%) rLN dataset)

pN (n=5429) pN (n=4779) pN (n= 10,208)
NO 2516 (46.3) 573 1499 (314) 715 <0.001 5(393) 622
N1 1258(23.2) 32.1 810(16.9) 547 <0.001 2068 (20.3) 40.3
N2 1037 (19.1) 243 813(17.00 373 <0.001 1850(18.1) 299
N3a 618 (114) 108 1036 (21.7) 220 <0.001 1654 (16.2) 17.8
N3b - - 621(13.00 90 - 21 (6.1) 9.0

PN’ (n=4325) PN’ (n=15883) pN'(n= wo,zog)
N0 - - 2603 (44.2)° 718 - 2603 (25.5) 71.8
N1 1412 (32.6) 464 810(13.8) 547 0.011 2222 (21.8) 49.1
N2 1258 (29.1) 321 813(13.8) 373 0.001 2071 (20.3) 341
N'3a 1037 (24.0) 243 1036 (17.6) 220 0.854 2073 (20.3) 232
N'3b 618(143) 108 621(106) 90 0.548 239(12.1) 99

BTNM (n=5429) BTNM (n=4779) PTNM (n=1 o,zos)
IA 1104 (20.3) 614(12.8) 852 <0.001 1718 (16.8) 76.6
1B 652 (120) 564 396 (8.3) 74.2 <0.001 1048 (10.3) 626
1A 876 (16.1)  44.1 631(13.2) 627 <0.001 1507 (14.8) 513
1B 878(16.2) 329 629 (13.2) 469 <0.001 1507 (14.8) 382
A 1164 (214) 220 848 (17.7) 389 <0.001 2012 (19.7) 289
1B 672 (124) 124 971(203) 221 <0.001 1643 (16.1) 18.1
e 83(1.5) 1.9 690 (144) 87 0.093 773(7.6) 7.8

"OTN'M (n =4325) "DTN'M (n =5883) PTN'M (n=10,208)
IA 1718(29.2)" 766 1718 (16.8) 76.6
1B 396 (6.7) 74.2 396 (39) 742
A 652 (15.1) 564 631(10.7) 62.7 0.066 1283 (12.6) 593
1B’ 876(20.3) 441 629(10.7) 469 0356 1505 (14.7) 451
A 1116 (25.8) 304 848 (144) 389 <0.001 1964 (19.2) 339
1118’ 1009 (23.3) 215 971 (16.5) 221 0.071 1980 (194) 218
nc 672 (155) 107 690 (11.7) 87 0.704 1362 (133) 9.7

" Contained patients with pT1NOMO 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 pT1NOMO 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

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 (NO-N3a, P<0.001; Fig. 1c)
and the 8th AJCC pTNM staging system (IA-IIIB,
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Table 3 Multivariate analysis of clinicopathological characteristics for the Chinese dataset
Model 1" Model 21
Characteristics HR 95% Cl Pvalue Characteristics HR 95% Cl Pvalue
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)

<45 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 1216 1.106-1.336 <0.001 1214 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 1463-1.712 <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 4943 3.676-6.645 <0.001 4337 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’

NO Ref NO 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

" 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, C/ 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

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; 1IB, 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 y?, linear trend x* and likelihood ratio *.
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Table 4 Performance of the 8th AJCC TNM classification to the proposed pTN'M classification in the Chinese and SEER datasets

Statistical parameters Chinese dataset

8th AJCC pTNM
classification

Proposed pTN'M
classification

SEER dataset
8th AJCC pTNM Proposed
classification pTN'M

classification

AIC 55324
Log-rank x> 2139
Linear trend x> 1531
Likelihood ratio x* 2135

55,207
2298
1630
2252

84,730 84,568
1926 2122
1649 1798
1863 2025

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

Cancer

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
PITNM: 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 (NO 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
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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.
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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.
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