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Development and validation of a novel staging system
integrating the number and location of lymph nodes for
gastric adenocarcinoma
Ziyu Li1, Xiaolong Wu 1, Xiangyu Gao1, Fei Shan1, Xiangji Ying1, Yan Zhang1 and Jiafu Ji 1

BACKGROUND: Evidence suggests that the anatomic extent of metastatic lymph nodes (MLNs) affects prognosis, as proposed by
alternative staging systems. The aim of this study was to establish a new staging system based on the number of perigastric (PMLN)
and extra-perigastric (EMLN) MLNs.
METHODS: Data from a Chinese cohort of 1090 patients who had undergone curative gastrectomy with D2 or D2 plus
lymphadenectomy for gastric cancer were retrospectively analysed. A Japanese validation cohort (n= 826) was included. Based on
the Cox proportional hazards model, the regression coefficients of PMLN and EMLN were used to calculate modified MLN (MMLN).
Prognostic performance of the staging systems was evaluated.
RESULTS: PMLN and EMLN were independent prognostic factors in multivariate analysis (coefficients: 0.044, 0.115; all P < 0.001).
MMLN was calculated as follows: MMLN= PMLN+ 2.6 × EMLN. The MMLN staging system showed superior prognostic performance
(C-index: 0.751 in the Chinese cohort; 0.748 in the Japanese cohort) compared with the five published LN staging systems when
MMLN numbers were grouped as follows: MMLN0 (0), MMLN1 (1–4), MMLN2 (5–8), MMLN3 (9–20), and MMLN4 (>20).
DISCUSSION: The MMLN staging system is suitable for assessing overall survival among patients undergoing curative gastrectomy
with D2 or D2 plus lymphadenectomy.
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BACKGROUND
Comprehensive and appropriate therapeutics, including endo-
scopy, surgery, radiotherapy, chemotherapy, and immunotherapy,
have improved outcomes of gastric cancer patients.1–5 Surgery
remains vital in the treatment of resectable, non-metastatic gastric
cancer.6 Tumour invasion depth and lymph node (LN) status—
used in almost all gastric cancer staging systems—are essential
independent prognostic factors for overall survival (OS), following
a microscopically margin-negative (R0) resection.7–10

LN classification in the eighth edition of the tumour-node-
metastasis (TNM) staging system of the American Joint
Committee on Cancer/International Union Against Cancer
(AJCC/UICC) and the 15th edition of the Japanese Gastric Cancer
Association (JGCA) staging system, the world’s most commonly
used staging systems, is based on the number of metastatic LNs
(MLNs).10,11 However, before the fifth edition of TNM and 14th
edition of the JGCA staging systems, LN classification was based
on the anatomical location of MLNs.12,13 The numeric LN staging
system with multiple updates to the cut-off value showed high
accuracy in survival prediction; however, some suggested
limitations included lack of information on the anatomical extent
of MLNs and the total number of LNs (TLNs) retrieved during
surgery.14–17 Son et al.14 proposed inclusion of the anatomic

extent of MLNs in a staging system for more accurately
predicting gastric cancer prognosis. Choi et al.18 developed an
alternative LN staging system based on anatomical location,
which reclassified the LN stations into lesser-curvature (LC),
greater-curvature (GC), and extra-perigastric (EP) groups. Chen
et al.19 developed yet another LN staging system based on both
the number and anatomic location of metastatic LNs, considered
a more efficient prognostic indicator than the JGCA and TNM
staging systems. Other authors have proposed LN ratio (LNR), the
ratio of metastatic LNs relative to the total number of retrieved
LNs, and log odds of metastatic LNs (LODDS), defined as the log
of the ratio between the probability of being a positive LN and
the probability of being a negative LN, which might be better LN
staging systems, as they take into account the number of LNs
retrieved during surgery.20–23

The National Comprehensive Cancer Network (NCCN) guide-
lines recommend D2 gastrectomy, which includes systematic
lymphadenectomy of N1 and N2 group LNs, as the standard
treatment for advanced gastric cancer.24 In many high-volume
centres in the Eastern Asian countries, D2 gastrectomy is
performed routinely, and has been shown to improve survi-
val.25–27 Considering the impact of MLNs’ anatomic location on
survival, given D2 surgery outcomes, we hypothesised that the
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number of LNs in the perigastric (LN stations No. 1, 2, 3, 4, 5, 6) and
EP areas (LN stations No. 7, 8, 9, 10, 11, 12, etc.) might differently
influence the prognosis. In other words, the effect of each extra-
perigastric MLN (EMLN) on prognosis might be different from that
of each perigastric MLN (PMLN). Therefore, this study aimed to
define the different prognostic effects of PMLN and EMLN and
develop and validate a new staging system based on the number
of PMLN and EMLN. Comparisons were made with the eighth
edition AJCC LN, Choi’s,18 Chen’s,19 LNR, and LODDS staging
systems to confirm the prognostic value of the new staging
system.

METHODS
Patient selection
Patients who had undergone curative-intent resection for gastric
cancer at the Department of Gastrointestinal Tumor Center at
Peking University Cancer Hospital (PUCH) between January 1,
2007 and December 31, 2015 were selected. Inclusion criteria were
a histopathological diagnosis of gastric adenocarcinoma with no
combined malignant neoplasm or distant metastasis and treat-
ment with R0 gastrectomy and D2 or D2 plus lymphadenectomy.
Patients with remnant gastric cancer, preoperative chemotherapy,
incomplete clinicopathological or follow-up information, and less
than 1-month postoperative survival were excluded. According to
the JGCA guidelines,28 D2 lymphadenectomy cannot be per-
formed during proximal gastrectomy; hence, patients treated with
proximal gastrectomy were excluded. A total of 1090 eligible
patients were included (Fig. 1).
The validation cohort included 826 patients treated between

2000 and 2007 at the Cancer Institute Ariake Hospital (CIAH),
Tokyo, Japan, that met the aforementioned inclusion and
exclusion criteria (Fig. 1). The data for the CIAH cohort contained
no unique personal identifiers and were extracted from a publicly
accessible database.29

Clinicopathological data
The clinicopathological dataset included patient demographics (age,
sex), pathological variables (location, size, histological type, differ-
entiation, invasion depth, LN status, Lauren type, vascular invasion),
follow-up duration, and survival status at last follow-up (April 2019).
LN status included the anatomic location of each MLN and

the number of TLNs. All patients in PUCH cohort were treated by
the same team of experienced surgeons. With reference to the
Japanese gastric cancer treatment guidelines, all the surgeons
have reached a consensus on the surgical procedures and extent
of lymphadenectomy to ensure the stability of the surgical
outcomes. After radical gastrectomy with D2 or D2-plus-
lymphadenectomy per the Japanese gastric cancer treatment
guidelines, the surgeons dissected the LNs from the gastrectomy
specimen. All LNs were placed in containers marked with numbers
corresponding to the numerical system for LN identification
described by the Japanese Research Society for Gastric Cancer
(JRSGC).30 Two or more trained pathologists used palpation to
examine the specimens, obtain as many LNs as possible,
regardless of the size of LNs, and reported the number of TLNs
and MLNs in each station. Then we counted the number of all
MLNs, TLNs, and divided the MLNs into PMLNs and EMLNs.
To facilitate comparisons with other LN staging systems, we

recorded the following data. PMLNs were divided into LC and GC
groups, as proposed by Choi et al., and patients were classified
into Choi’s new N1 (LC alone, GC alone, EP alone), Choi’s new N2
(LC+ GC, LC+ EP, GC+ EP), and Choi’s new N3 (LC+ GC+ EP)
groups. According to the LN groups described by JRSGC and cut-
off values of MLN in each group proposed by Chen et al., patients
were classified into Chen’s new N1 (number of N1 group MLNs
1–6), Chen’s new N2 (number of N2 group MLNs 1–6), and Chen’s
new N3 (number of N1 group MLNs ≥7 or N2 group MLNs ≥7 or
the presence of N3 group MLNs). LNR and LODDS were calculated
and grouped using the cut-off values proposed by Wang et al.31

and Sun et al.,21 respectively.

PUCH cohort
Gastrointestinal Cancer Center of Peking

University Cancer Hospital,
2007–2015, Gastric Cancer

Curative intent Gastrectomy, Single primary
1990 patients

PUCH cohort
1090 patients

CIAH cohort
826 patients

CIAH cohort
Gastric Cancer Database of JFCR 1946–2007

2000–2007, Gastric Cancer
Curative intent Gastrectomy, Single primary

2081 patients

n = 900

n = 26 n = 291

n = 42

n = 808

n = 35

n = 65

n = 11

n = 3

n = 31

n = 400

n = 391

n = 22

n = 2

n = 28

n = 1255Excluded

R1/R2 resection or unknown

Not received D2 or D2 plus surgery, or unknown

Neoadjuvant chemotherapy as initial treatment

Distant disease (M1)

Incomplete baseline information

Survival time less than one month or unknown

Mixed with neuroendocrine tumour, sarcoma or
squamous cell carcinoma

Fig. 1 Flow chart of patients selection. PUCH Peking University Cancer Hospital, CIAH Cancer Institute Ariake Hospital, JFCR The Japanese
Foundation for Cancer Research.
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Statistical analysis
The clinicopathological characteristics of the study cohorts were
presented as mean (standard deviation) for continuous variables and
counts and proportions for categorical variables. Univariate and
multivariate Cox proportional hazards regression models were used to
analyse the relationship between the clinicopathological variables and
OS. Variables statistically significant (P< 0.05) in the univariate analysis
were included in multivariate analysis (stepwise backward elimina-
tion). In the results of multivariate analysis, the regression coefficient
can reflect the influence of the variable on the prognosis, and the
regression coefficients of PMLNs and EMLNs were extracted from the
multivariate Cox model of the PUCH cohort. The ratio of the
regression coefficient of PMLNs and EMLNs can reflect their different
prognostic effects, and we used this ratio to adjust EMLNs. Then the
number of modified metastatic LNs (MMLNs) was calculated using the
following formula: MMLN ¼ PMLNþ βEMLN

βPMLN
´ EMLN, where βPMLN and

βEMLN were the regression coefficients or PMLNs and EMLNs in the
multivariate Cox model. MMLN was considered to be a continuous
variable. To group the MMLN, first, the number of MMLNs was
rounded to an integer; then four cut-off points were set to divide the
MMLNs into five groups consistent with those of the eighth edition
TNM LN categories. Further, we used the enumeration method for
different combinations of cut-off points in Cox regression models to
calculate Harrell’s concordance index (C-index), often used to evaluate
the discriminative ability of a model. A high C-index represents a
better discrimination ability of the model. We selected the cut-off
points of maximum C-index to construct our MMLN staging system.
The Kaplan−Meier method with the log-rank test was used to

explore differences in survival between the strata established by
the eighth edition AJCC LN, Choi’s, Chen’s, LNR, LODDS, and our
MMLN staging system. Comparisons of the predictive value of
each LN staging system were performed using the C-index, the
likelihood-ratio test, and Akaike’s Information Criterion (AIC). A
model with a low AIC, a high likelihood-ratio χ2 score, and a high
C-index had a better predictive value. All analyses were performed
using the R software (version 3.6.0; https://www.r-project.org/).
Statistical significance was set at a two-sided P value < 0.05.

RESULTS
Clinicopathological characteristics
The clinicopathological characteristics of the PUCH (n= 1090) and
the CIAH (n= 826) cohort, with median follow-up duration of 49.2
(range 1–136) and 30.0 (1–95) months, respectively, are presented
in Table 1. The sex ratio was similar between the two cohorts (P=
0.751), but other variables showed significant differences. Patients

Table 1. Patient characteristics.

Variable PUCH cohort
(n= 1090)

CIAH cohort
(n= 826)

P value

Age (years) 62.3 (11.8) 61.1 (11.0) 0.019

Sex 0.751

Female 328 (30.1) 255 (30.9)

Male 762 (69.9) 571 (69.1)

Tumour size (cm) 4.5 ± 3.0 5.5 ± 4.1 <0.001

Tumour location <0.001

U 205 (18.8) 175 (21.2)

M 239 (21.9) 388 (47.0)

L 584 (53.6) 239 (28.9)

Overlapping lesion 62 (5.7) 24 (2.9)

Extent of gastrectomy <0.001

Distal 630 (57.8) 578 (70.0)

Total 460 (42.2) 248 (30.0)

Differentiation <0.001

Differentiated 520 (47.7) 310 (37.5)

Undifferentiated 570 (52.3) 516 (62.5)

Histological type <0.001

Adenocarcinoma 795 (72.9) 573 (69.4)

Signet ring cell carcinoma 234 (21.5) 232 (28.1)

Mucinous adenocarcinoma 61 (5.6) 21 (2.5)

AJCC 8th edition pT stage <0.001

T1 122 (11.2) 344 (41.6)

T2 195 (17.9) 124 (15.0)

T3 294 (27.0) 157 (19.0)

T4a 442 (40.6) 179 (21.7)

T4b 37 (3.4) 22 (2.7)

MLNs 5.7 (7.9) 2.1 (3.6) <0.001

PMLNs 4.9 (6.8) 1.7 (3.1) <0.001

EMLNs 0.8 (2.0) 0.4 (0.9) <0.001

TLNs 33.1 (11.7) 41.0 (15.6) <0.001

LODDS −0.97 (0.71) −1.47 (0.50) <0.001

LNR 0.17 (0.21) 0.05 (0.09) <0.001

AJCC 8th edition pN stage <0.001

N0 347 (31.8) 442 (53.5)

N1 211 (19.4) 167 (20.2)

N2 196 (18.0) 141 (17.1)

N3a 216 (19.8) 63 (7.6)

N3b 120 (11.0) 13 (1.6)

LODDS stage <0.001

≤−1.5 357 (32.8) 466 (56.4)

−1.5 to −1.0 184 (16.9) 194 (23.5)

−1.0 to −0.5 236 (21.7) 125 (15.1)

−0.5 to 0 210 (19.3) 39 (4.7)

>0 103 (9.4) 2 (0.2)

LNR stage <0.001

0 347 (31.8) 442 (53.5)

0–0.07 177 (16.2) 198 (24.0)

0.07–0.3 326 (29.9) 160 (19.4)

0.3–0.7 204 (18.7) 26 (3.1)

>0.7 36 (3.3) 0

Choi’s LN stage <0.001

N0 347 (31.8) 442 (53.5)

Table 1. continued

Variable PUCH cohort
(n= 1090)

CIAH cohort
(n= 826)

P value

N1 258 (23.7) 180 (21.8)

N2 254 (23.3) 144 (17.4)

N3 231 (21.2) 60 (7.3)

Chen’s LN stage <0.001

N0 347 (31.8) 442 (53.5)

N1 312 (28.6) 193 (23.4)

N2 135 (12.4) 129 (15.6)

N3 296 (27.2) 62 (7.5)

Data are presented as n (%) or mean (SD).
PUCH Peking University Cancer Hospital, CIAH Cancer Institute Ariake
Hospital, AJCC American Joint Committee on Cancer, MLNmetastatic lymph
node, PMLN perigastric metastatic lymph node, EMLN extra-perigastric
metastatic lymph node, TLN total number of lymph nodes retrieved, LODDS
log odds of metastatic lymph nodes, LNR lymph node ratio.
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in the CIAH cohort were significantly younger, with earlier-stage
gastric cancer, specifically, a higher proportion of cases at T1 stage
(41.6% vs. 11.2%, P < 0.001) and N0 stage (53.5% vs. 31.8%, P <
0.001), and a greater number of TLNs (41.0 ± 15.6 vs. 33.1 ± 11.7,
P < 0.001) than the corresponding values in the PUCH cohort.
There were differences between the PUCH and CIAH cohort in the
distribution of the LN staging systems (all P < 0.05). For example,
in the CIAH cohort, no patients fell under LNR > 0.7 and only two
patients were classified under LODDS > 0.

Prognostic factors in multivariate analysis and development of the
MMLN staging system
Univariate and multivariate analyses were performed on the PUCH
cohort (Table 2). In the univariate analysis, both PMLNs and EMLNs
significantly affected OS (all P < 0.05). In the multivariate analysis,
the extent of gastrectomy, pT stage, TLNs, PMLNs, and EMLNs
were independent prognostic factors. We extracted the regression
coefficients of PMLNs (βPMLN= 0.044) and EMLNs (βEMLN= 0.115)
in Table 2, and then calculated the ratio of βEMLN and βPMLN to
2.6, and established the formula for MMLNs as follows: MMLN=
PMLN+ 2.6 × EMLN.
The enumeration method was used to establish the optimal

stratification of MMLNs. Finally, an MMLN staging system with
MMLN0 (MMLNs= 0), MMLN1 (MMLNs= 1–4), MMLN2 (MMLNs=
5–8), MMLN3 (MMLNs= 9–20), and MMLN4 (MMLNs > 20), which
had the best discriminative ability (C-index= 0.747), was defined.
The top ten stratifications with the highest C-index values are
listed in Supplementary Table S1. The MMLN staging system was
further examined, and univariate analysis and multivariate analysis

confirmed that the MMLN staging system was an independent
prognostic factor in the validation cohort (P < 0.001, Supplemen-
tary Table S2).

Survival analysis based on the MMLN classification within the
other five LN classifications
The Kaplan−Meier survival curves for the PUCH cohort stratified
into the eighth edition AJCC LN system-based subgroups are
plotted in Fig. 2a–c. As pN0 is equivalent to MMLN0 and only two
patients of MMLN2 were included in the pN1 stage, the survival
curves of pN0 and pN1 stages are not shown. Within each pN
stage, significantly different survival rates are shown for each of
the MMLN categories (log-rank test: pN2, P= 0.008; pN3a, P=
0.003; pN3b, P= 0.003). Results of the survival analysis for the
MMLN classification-based strata within the AJCC LN, LNR, LODDS,
Choi’s, and Chen’s staging system are shown in Table 3. The
MMLN staging system was able to distinguish groups associated
with different OS within most of the subgroups distinguished by
each of these previously proposed staging systems. In contrast,
the previously proposed LN-based staging systems did not
distinguish differences in OS within the groups based on MMLN
staging system. The corresponding survival curves are shown in
Supplementary Fig. S1.

Comparisons of the prognostic performance of all LN-based stage
systems
Results from Cox regression modelling, C-index values, AIC values,
and likelihood-ratio χ2 scores were compared among the PUCH
and CIAH cohort. In the PUCH cohort, the MMLN staging system

Table 2. Univariate and multivariate analysis using Cox proportional hazard regression model in PUCH cohort.

Univariate Multivariate

Variable P value Coefficients HR 95% CI P value

Tumour size (cm)

≤5 (reference) <0.001

>5

Extent of gastrectomy

Distal (reference) <0.001 0.323 1.00 0.020

Total 1.35 1.05–1.74

Differentiation

Differentiated (reference) 0.010

Undifferentiated

Histological type

Adenocarcinoma (reference) 0.026

Signet ring cell carcinoma

Mucinous adenocarcinoma

AJCC pT stage

T1 (reference) <0.001 0.593 1.00 <0.001

T2 3.78 1.12–12.80

T3 8.70 2.72–27.87

T4a 12.92 4.08–40.86

T4b 28.59 8.50–96.15

TLNs

≤30 (reference) 0.005 −0.008 0.028

>30 0.74 0.56–0.97

PMLNs <0.001 0.044 1.04 1.03–1.06 <0.001

EMLNs <0.001 0.115 1.12 1.08–1.16 <0.001

AJCC American Joint Committee on Cancer, TLN total number of lymph nodes retrieved, PMLN perigastric metastatic lymph node, EMLN extra-perigastric
metastatic lymph node, CI confidence intervals.
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showed the best prognostic performance (C-statistic: 0.751; AIC:
1026.1.2; likelihood-ratio χ2 score: 288.8, Table 4). Both the LNR
and LODDS classification, based on MLNs and TLNs, were not
better than the eighth edition AJCC LN staging system. For Chen’s
and Choi’s LN staging systems based on status and anatomic
location of MLNs, Chen’s was not better than any other LN staging
system; the Choi’s was second only to the MMLN staging system.
The MMLN staging system had the best discriminative ability (C-

statistic= 0.748) and homogeneity (likelihood-ratio χ2 score=
68.5) in the CIAH validation cohort, but the LNR staging system
performed somewhat better in terms of the AIC value (LNR vs.
MMLN: AIC, 785.5 vs. 785.7). Survival curves for all six LN staging
systems in the CIAH cohort are plotted in Fig. 2d−i. Although the
MMLN staging system showed a difference in OS (P < 0.001), the
MMLN2, MMLN3, and MMLN4 classifications failed to prognos-
tically discriminate patients (log-rank test: MMLN2 vs. MMLN3, P=
0.361; MMLN3 vs. MMLN4, P= 0.320). Similarly, the last two or
three subgroups within each of the other five staging systems also
showed similar survival curves (all P > 0.05).

DISCUSSION
The prognostic values of PMLNs and EMLNs in patients treated with
curative resection with at least a D2 lymphadenectomy for gastric
cancer were studied. In multivariate analysis, both PMLNs and
EMLNs showed prognostic values independent of the extent of
gastrectomy, TLNs, and pT stage. We defined one EMLN as
equivalent to ~2.6 PMLNs in terms of the degree of influence on
prognosis. A modified numeric-based LN staging system, namely,
the MMLN staging system was established by combining the
prognostic weights of PMLNs and EMLNs. The new system provided
good discriminative ability and homogeneity for data collected
from two high-volume hospitals in the Eastern Asian countries.
LN status in gastric cancer is one of the most robust predictive

variables of OS after gastrectomy and research has focused on
defining an optimal LN-based staging system over the last
decade.23,32–36 Even with the widely used AJCC TNM staging
system, its recent editions have mainly optimised the LN staging
cut-off values and number of subgroups.37–40 To our knowledge,
the present study is the first to evaluate and demonstrate the
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Fig. 2 Kaplan–Meier survival curves showing overall survival probabilities (log-rank test). For PUCH cohort, MMLN staging system showed
good discriminative ability within a pN2 stage (P= 0.008), b pN3a stage (P= 0.003), c pN3b stage (P= 0.003) of the American Joint Committee
on Cancer (AJCC), 8th edition, staging system. For CIAH cohort, all d AJCC, e MMLN staging system, f log odds of positive lymph nodes
(LODDS) stage, g lymph node ratio (LNR) stage, h Choi’s LN stage, i Chen’s LN stage showed good prognostic performance (all P < 0.001).
However, the last two or three subgroups within each of the six staging systems showed similar survival curves, d pN2 vs. pN3a, P= 0.532;
pN3a vs. pN3b, P= 0.300; e MMLN2 vs. MMLN3, P= 0.361; MMLN3 vs. MMLN4, P= 0.320; f LODDS3 vs. LODDS4, P= 0.361; LODDS4 vs.
LODDS5, P= 0.539; g LNR2 vs. LNR3, P= 0.225; h Choi N2 vs. Choi N3, P= 0.299; i Chen N2 vs. Chen N3, P= 0.649.
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differences in prognostic power between PMLNs and EMLNs in
terms of their respective numbers. The MMLN staging system is
established based on accurate information on the number of
MLNs in each LN group, unlike the AJCC LN staging system, which
uses the total number of MLNs only.
We used multiple indices, including Harrell’s C-index, likelihood-

ratio χ2 score, and AIC to evaluate and compare the prognostic
value of each LN staging system. Although all LN staging systems
showed good predictive accuracy, the prognostic performance of
the MMLN staging system was the best. The superiority of the
MMLN staging system was demonstrated in survival analysis across
the subgroups of the other five LN classifications (Fig. 2a−c and
Table 3). The MMLN classification showed good discriminative
ability within most subgroups of the other five LN staging systems
and showed sufficient homogeneity within each MMLN-derived
group across the other five LN staging systems. Furthermore, the
results in the validation cohort strengthen our research. Both China

and Japan are countries with a high incidence of gastric cancer in
the world, but they have completely different epidemiological
characteristics.41 Our study cohort also showed significant
differences in clinicopathological characteristics, but the MMLN
staging system in the CIAH cohort still showed good predictive
power, indicating that our staging system has good universality.
Therefore, in high-volume centres that routinely perform high-
quality D2 lymphadenectomy, MMLN classification could be
recommended for inclusion in the prognostic evaluation system.
A D2 lymphadenectomy and assessment of the number of MLNs at
each group are prerequisites for applying the MMLN staging
system. Although the MMLN staging system requires knowledge of
cut-off values and calculation formula, we believe that MMLN
staging system is still simple and easy to use in clinical work.
Although the anatomic location of MLNs is no longer included

in the TNM and JGCA staging systems, we considered it essential
to improve the predictive accuracy of any LN staging system.

Table 3. Overall survival rates based on AJCC LN stage, LNR stage, LODDS stage, Choi’s LN stage, and Chen’s LN stage according to the MMLN
classification.

MMLN0 MMLN1 MMLN2 MMLN3 MMLN4 P value

No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%)

AJCC LN stage

N0 347 89.2 —

N1 209 73.2 2 — 0.472

N2 69 73.9 114 52.3 13 41.7 0.008

N3a 31 72.7 174 49.7 11 18.2 0.003

N3b 21 48.7 99 14.1 0.003

P value — 0.957 0.13 0.899 0.375

LNR stage

0 347 89.2 —

0–0.07 173 74.4 4 — 0.784

0.07–0.3 104 72.6 133 55.8 88 49.2 1 — 0.001

0.3–0.7 1 — 10 70 116 48.3 77 16 <0.001

>0.7 4 50 32 9.4 0.132

P value — 0.146 0.807 0.969 0.035

LODDS stage

≤−1.5 347 89.2 10 63 0.053

−1.5 to −1.0 177 82.2 6 33.3 1 — <0.001

−1.0 to −0.5 91 71.8 102 60.5 42 48.5 1 — 0.014

−0.5 to 0 39 50.9 138 49.8 33 22.6 0.001

>0 27 45.6 76 10.3 <0.001

P value — 0.805 0.521 0.193 0.06

Choi’s LN stage

N0 347 89.2 —

N1 216 75.7 29 65.5 13 69.2 0.231

N2 62 65.1 89 58.1 86 56 17 23.5 0.001

N3 29 42.6 109 40.5 93 12.5 <0.001

P value — 0.085 0.056 0.246 0.371

Chen’s LN stage

N0 347 89.2 —

N1 253 72.6 59 55.8 0.013

N2 25 80 57 50 52 40.8 1 — 0.003

N3 31 72.7 156 51.5 109 14.4 <0.001

P value — 0.562 0.134 0.171 0.451

5-yrs 5 years survival rate, AJCC American Joint Committee on Cancer, MMLN modified metastatic lymph node, LNR lymph node ratio, LODDS log odds of
metastatic lymph nodes.
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Choi’s and Chen’s new LN staging systems also include the
anatomic location of MLNs, but neither of them performed as well
as the MMLN classification, and both performed worse than did the
eighth edition AJCC LN staging system. Choi’s system divides the
area of MLNs into LC, GC, and EP and focuses only on the presence
of MLN in these three regions.18 This strategy ignores the
importance of the number of MLNs, thereby weakening homo-
geneity. In addition, Choi’s system assumes equivalent prognostic
effects of MLNs in these three areas. Further research should test if
the prognosis of EP alone (equivalent to skip MLN), as in Choi’s
N1 stage, is equivalent to that of LC and GC, and whether the
prognosis of LC+EP and GC+EP (equivalent to JRSGC’s N2
group+) is the same as that of LC+GC (equivalent to JRSGC’s
N1 group+) in Choi’s N2 stage. Such insights could improve the
accuracy of Choi’s system. However, at present, these proposals
remain controversial.42–45 Chen’s system is an LN staging system
that combines the number and anatomic location of MLNs, but
uses a cut-off value of overall MLNs to establish subgroups for the
N1, N2, and N3 groups.19 However, in the present study, this
system showed poor prognostic performance, suggesting using
such a cut-off value is not accurate enough.
Recently proposed LN staging systems, such as LODDS and LNR,

emphasise the importance of TLNs.15,22,36,46 However, in our study,
when the MMLN staging system was included in multivariate
analysis, TLN was excluded, suggesting that it is not an
independent prognostic factor. In addition, high-quality D2
lymphadenectomy means adequate LNs dissection. In contrast,
TLNs cannot be used to evaluate the extent of LNs dissection.
Therefore, both LODDS and LNR staging systems did not perform
better than did our MMLN staging system.
This study has several limitations. First, the extent of D2

lymphadenectomy was changed from a more extensive to the less
extensive form between 2007 and 2015. To minimise the within-
study heterogeneity likely to result from this change, we also
included patients with D2 plus lymphadenectomy, according to
the latest edition of Japanese gastric cancer treatment guidelines.
Second, the MMLN staging is based on high-quality D2
lymphadenectomy along with the status of PMLNs and EMLNs.
As such, it might not be suitable for patients recommended D1
lymphadenectomy or with fewer than 16 LNs retrieved. Further
research is necessary to expand the applicability of the MMLN
staging system to patients treated with D1-plus-
lymphadenectomy. Third, although the MMLN staging system
performed well in both PUCH and CIAH cohorts, it failed to
discriminate some subgroups of patients within the CIAH cohort.
This finding can be explained by a high proportion of patients
with earlier-stage gastric cancer in the CIAH cohort. Although the
distinct clinicopathological characteristics of the Japanese cohort
strengthened the universality of MMLN staging system, the limited

late-stage cases (AJCC pN3a+ pN3b less than 10%) in the
Japanese cohort also weakened the advantages of MMLN staging
system in these stages. Using a larger cohort might help validate
the prognostic performance of the MMLN staging system. Finally,
this study included only Asian cohorts; future studies are required
to validate the applicability to Western cohorts.

CONCLUSION
To summarise, this study demonstrates the differences in
prognostic power between PMLNs and EMLNs in terms of their
respective numbers and establishes the MMLN staging system on
the basis of the number of PMLNs and EMLNs. Comparisons with
the eighth edition AJCC LN, LNR, LODDS, Choi’s, and Chen’s
staging systems suggest better prognostic performance of the
MMLN staging system. We recommend the MMLN staging system
in patients treated with curative gastrectomy with at least D2
lymphadenectomy for prognostication.

ACKNOWLEDGEMENTS
We gratefully thank the Cancer Institute Ariake Hospital, Tokyo, in Japan for their data
sharing.

AUTHOR CONTRIBUTIONS
All the authors contributed to writing of the report. Z.L. and J.J. designed the study.
X.W., F.S. and X.G. enrolled patients and collected the data. J.J., X.W., Z.L., X.G. and F.S.
performed quality control of data and algorithms. Z.L., X.G., Y.Z. and X.Y. analysed all
the data. X.W. and X.G. interpreted the results. All the authors read and approved the
final manuscript.

ADDITIONAL INFORMATION
Ethics approval and consent to participate This study was performed according to
the Helsinki Declaration of 1964 and later versions, and was approved by the
institutional review board (IRB) of Peking University Cancer Hospital (IRB number:
2019KT05). Patients of PUCH cohort provided written informed consent for the use of
patient specimens and clinical data for research purposes. The data for the CIAH
cohort contained no unique personal identifiers and were extracted from a publicly
accessible database. Hence, patient informed consent was not required.

Data availability Data of the PUCH cohort are not shared, owing to the privacy or
ethical restrictions. Data of the CIAH cohort are openly available through the Internet.

Competing interests The authors declare no competing interests.

Funding information This study is supported by the Peking University Clinical
Scientists Program (BMU2019LCKXJ011), supported by “the Fundamental Research
Funds for the Central Universities” to J.J.

Table 4. Prognostic performance of different lymph node staging system in PUCH and CIAH cohorts.

PUCH cohort CIAH cohort

C index Likelihood-ratio test AIC C index Likelihood-ratio test AIC

MMLN stage 0.751 288.8 1026.1 0.748 68.5 785.7

AJCC LN stage 0.739 268.2 1108.7 0.737 56.3 790

LNR stage 0.736 259.1 1122.6 0.741 58.7 785.5

LODDS stage 0.737 260.8 1112.4 0.725 52.3 794

Choi’s LN stage 0.742 271.2 1109.9 0.733 53.6 790.6

Chen’s LN stage 0.714 228.3 1152.4 0.721 50.7 793.5

AIC Akaike’s Information Criterion, MMLN modified metastatic lymph node, AJCC American Joint Committee on Cancer, LNR lymph node ratio, LODDS log odds
of metastatic lymph nodes.

Development and validation of a novel staging system integrating the. . .
Z Li et al.

948



Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-020-01190-z.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Ajani, J. A., Lee, J., Sano, T., Janjigian, Y. Y., Fan, D. & Song, S. Gastric adeno-

carcinoma. Nat. Rev. Dis. Prim. 3, 17036 (2017).
2. Bourke, M. J., Neuhaus, H. & Bergman, J. J. Endoscopic submucosal dissection:

indications and application in western endoscopy practice. Gastroenterology 154,
1887–1900.e5 (2018).

3. Salati, M., Orsi, G., Smyth, E., Beretta, G., De Vita, F., Di, Bartolomeo, M. et al. Gastric
cancer: translating novels concepts into clinical practice. Cancer Treat. Rev. 79,
101889 (2019).

4. Karimi, P., Islami, F., Anandasabapathy, S., Freedman, N. D. & Kamangar, F. Gastric
cancer: descriptive epidemiology, risk factors, screening, and prevention. Cancer
Epidemiol. Biomark. Prev. 23, 700–713 (2014).

5. Biagioni, A., Skalamera, I., Peri, S., Schiavone, N., Cianchi, F., Giommoni, E. et al.
Update on gastric cancer treatments and gene therapies. Cancer Metastasis Rev.
38, 537–548 (2019).

6. Katai, H., Ishikawa, T., Akazawa, K., Isobe, Y., Miyashiro, I., Oda, I. et al. Five-year
survival analysis of surgically resected gastric cancer cases in Japan: a retro-
spective analysis of more than 100,000 patients from the nationwide registry of
the Japanese Gastric Cancer Association (2001–2007). Gastric Cancer 21, 144–154
(2018).

7. Kattan, M. W., Karpeh, M. S., Mazumdar, M. & Brennan, M. F. Postoperative
nomogram for disease-specific survival after an R0 resection for gastric carci-
noma. J. Clin. Oncol. 21, 3647–3650 (2003).

8. Li, Z., Wu, X., Gao, X., Shan, F., Ying, X., Zhang, Y. et al. Development and vali-
dation of an artificial neural network prognostic model after gastrectomy for
gastric carcinoma: an international multicenter cohort study. Cancer Med. 9,
6205–6215 (2020).

9. Han, D.-S., Suh, Y.-S., Kong, S.-H., Lee, H.-J., Choi, Y., Aikou, S. et al. Nomogram
predicting long-term survival after D2 gastrectomy for gastric cancer. J. Clin.
Oncol. 30, 3834–3840 (2012).

10. Ajani, J. A., In, H., Sano, T., Gaspar, L. E., Erasmus, J. J., Tang L. H. et al. in AJCC
Cancer Staging Manual 8th edn (eds Amin, M. B., Edge, S. B., Greene, F. L. et al.)
203−220 (Springer, New York, NY, 2017).

11. Japanese Gastric Cancer Association. Japanese classification of gastric carcinoma:
3rd English edition. Gastric Cancer 14, 101–112 (2011).

12. Hermanek, P. & Sobin, L. H. UICC TNM Classification of Malignant Tumors 4th edn
(Springer, Berlin, 1987).

13. Japanese Gastric Cancer Association. Japanese classification of gastric carcinoma
—2nd English edition. Gastric Cancer 1, 10–24 (1998).

14. Son, T., Hyung, W. J., Kim, J. W., Kim, H. I., An, J. Y., Cheong, J. H. et al. Anatomic
extent of metastatic lymph nodes: still important for gastric cancer prognosis.
Ann. Surg. Oncol. 21, 899–907 (2014).

15. Lu, J., Wang, W., Zheng, C.-H., Fang, C., Li, P., Xie, J.-W. et al. Influence of total
lymph node count on staging and survival after gastrectomy for gastric cancer:
an analysis from a two-institution database in China. Ann. Surg. Oncol. 24,
486–493 (2017).

16. Pan, S., Wang, P., Xing, Y., Li, K., Wang, Z., Xu, H. et al. Retrieved lymph nodes from
different anatomic groups in gastric cancer: a proposed optimal number, com-
parison with other nodal classification strategies and its impact on prognosis.
Cancer Commun. 39, 1–12 (2019).

17. Ye, J., Ren, Y., Dai, W., Chen, J., Cai, S., Tan, M. et al. Does lymphadenectomy with
at least 15 perigastric lymph nodes retrieval promise an improved survival for
gastric cancer: a retrospective cohort study in Southern China. J. Cancer 10,
1444–1452 (2019).

18. Choi, Y. Y., An, J. Y., Katai, H., Seto, Y., Fukagawa, T., Okumura, Y. et al. A lymph
node staging system for gastric cancer: a hybrid type based on topographic and
numeric systems. PLoS ONE 11, 1–14 (2016).

19. Chen, J., Chen, C., He, Y., Wu, K., Hui, W. & Cai, S. A new pN staging system based
on both the number and anatomic location of metastatic lymph nodes in gastric
cancer. J. Gastrointest. Surg. 18, 2080–2088 (2014).

20. Aurello, P., Petrucciani, N., Nigri, G. R., La Torre, M., Magistri, P., Tierno, S. et al. Log
odds of positive lymph nodes (LODDS): what are their role in the prognostic
assessment of gastric adenocarcinoma? J. Gastrointest. Surg. 18, 1254–1260
(2014).

21. Sun, Z., Xu, Y., Li, D. M., Wang, Z. N., Zhu, G. L., Huang, B. J. et al. Log odds of
positive lymph nodes: a novel prognostic indicator superior to the number-based
and the ratio-based n category for gastric cancer patients with R0 resection.
Cancer 116, 2571–2580 (2010).

22. Marchet, A., Mocellin, S., Ambrosi, A., Morgagni, P., Garcea, D., Marrelli, D. et al.
The ratio between metastatic and examined lymph nodes (N ratio) is an inde-
pendent prognostic factor in gastric cancer regardless of the type of lympha-
denectomy: results from an Italian multicentric study in 1853 patients. Ann. Surg.
245, 543–552 (2007).

23. Wang, X., Appleby, D. H., Zhang, X., Gan, L., Wang, J. J. & Wan, F. Comparison of
three lymph node staging schemes for predicting outcome in patients with
gastric cancer. Br. J. Surg. 100, 505–514 (2013).

24. Ajani, J. A., D’Amico, T. A., Almhanna, K., Bentrem, D. J., Chao, J., Das, P. et al.
Gastric cancer, version 3.2016, NCCN clinical practice guidelines in oncology. J.
Natl Compr. Cancer Netw. 14, 1286–1312 (2016).

25. Spolverato, G., Ejaz, A., Kim, Y., Squires, M. H., Poultsides, G., Fields, R. C. et al.
Prognostic performance of different lymph node staging systems after curative
intent resection for gastric adenocarcinoma. Ann. Surg. 262, 991–998 (2015).

26. Chen, Q. Y., Zhong, Q., Liu, Z. Y., Xie, J. W., Bin, WangJ., Lin, J. X. et al. Does non-
compliance in lymph node dissection affect oncological efficacy in gastric cancer
patients undergoing radical gastrectomy? Ann. Surg. Oncol. 26, 1759–1771 (2019).

27. Wohnrath, D. R. & Araujo, R. L. C. D2 lymphadenectomy for gastric cancer as an
independent prognostic factor of 10-year overall survival. Eur. J. Surg. Oncol. 45,
446–453 (2019).

28. Kodera, Y. & Sano, T. Japanese gastric cancer treatment guidelines 2014 (ver. 4).
Gastric Cancer 20, 1–19 (2017).

29. Nakajima, T. & Yamaguchi, T. Data Analysis and Dynamic Database of Gastric
Cancer at Cancer Institute: 1946−2007 (KAHEHARA Co., Ltd, Tokyo, 2012).

30. Sano, T. & Aiko, T. New Japanese classifications and treatment guidelines for
gastric cancer: revision concepts and major revised points. Gastric Cancer 14,
97–100 (2011).

31. Wang, J., Dang, P., Raut, C. P., Pandalai, P. K., Maduekwe, U. N., Rattner, D. W. 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. 255, 478–485 (2012).

32. Smith, D. D., Nelson, R. A. & Schwarz, R. E. A comparison of five competing lymph
node staging schemes in a cohort of resectable gastric cancer patients. Ann. Surg.
Oncol. 21, 875–882 (2014).

33. Deng, J., Liang, H., Sun, D., Wang, D. & Pan, Y. Suitability of 7th UICC N stage for
predicting the overall survival of gastric cancer patients after curative resection in
china. Ann. Surg. Oncol. 17, 1259–1266 (2010).

34. Zhang, J., Zou, S., Luo, R., Zhu, Z., Xu, H. & Huang, B. Proposal of a novel stage
grouping of the Eighth Edition of American Joint Committee on Cancer TNM
Staging System for Gastric Cancer: results from a retrospective study of 30 years
clinical data from a single institute in China. Expert Rev. Gastroenterol. Hepatol. 14,
55–64 (2020).

35. Sano, T., Coit, D. G., Kim, H. H., 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 20, 217–225 (2017).

36. Calero, A., Escrig-Sos, J., Mingol, F., Arroyo, A., Martinez-Ramos, D., de Juan, M.
et al. Usefulness of the log odds of positive lymph nodes to predict and dis-
criminate prognosis in gastric carcinomas. J. Gastrointest. Surg. 19, 813–820
(2015).

37. Chae, S., Lee, A. & Lee, J. H. The effectiveness of the new (7th) UICC N classifi-
cation in the prognosis evaluation of gastric cancer patients: a comparative study
between the 5th/6th and 7th UICC N classification. Gastric Cancer 14, 166–171
(2011).

38. Ji, X., Bu, Z. D. E., Yan, Y., Li, Z. Y., Wu, A. W., Zhang, L. H. et al. The 8th edition of
the American Joint Committee on Cancer tumor-node-metastasis staging system
for gastric cancer is superior to the 7th edition: results from a Chinese mono-
institutional study of 1663 patients. Gastric Cancer 21, 643–652 (2018).

39. Marano, L., Boccardi, V., Braccio, B., Esposito, G., Grassia, M., Petrillo, M. et al.
Comparison of the 6th and 7th editions of the AJCC/UICC TNM staging system for
gastric cancer focusing on the ‘N’ parameterrelated survival: the monoinstitu-
tional NodUs Italian study. World J. Surg. Oncol. 13, 1–7 (2015).

40. De Manzoni, G., Verlato, G., Guglielmi, A., Laterza, E., Tomezzoli, A., Pelosi, G. et al.
Classification of lymph node metastases from carcinoma of the stomach: com-
parison of the old (1987) and new (1997) TNM systems.World J. Surg. 23, 664–669
(1999).

41. Li, Z.-X. & Kaminishi, M. A comparison of gastric cancer between Japan and China.
Gastric Cancer 12, 52–53 (2009).

42. Huang, B., Wang, Z., Sun, Z., Zhao, B. & Xu, H. A novel insight of sentinel lymph
node concept based on 1-3 positive nodes in patients with pT1-2 gastric cancer.
BMC Cancer 11, 18 (2011).

Development and validation of a novel staging system integrating the. . .
Z Li et al.

949

https://doi.org/10.1038/s41416-020-01190-z
https://doi.org/10.1038/s41416-020-01190-z


43. Kim, D. H., Choi, M. G., Noh, J. H., Sohn, T. S., Bae, J. M. & Kim, S. Clinical sig-
nificance of skip lymph node metastasis in gastric cancer patients. Eur. J. Surg.
Oncol. 41, 339–345 (2015).

44. Choi, Y. Y., An, J. Y., Guner, A., Kang, D. R., Cho, I., Kwon, I. G. et al. Skip lymph node
metastasis in gastric cancer: is it skipping or skipped? Gastric Cancer 19, 206–215
(2016).

45. Saito, H., Tsujitani, S. & Ikeguchi, M. Clinical significance of skip metastasis in
patients with gastric cancer. Gastric Cancer 10, 87–91 (2007).

46. Sura, K., Ye, H., Vu, C. C., Robertson, J. M. & Kabolizadeh, P. How many lymph
nodes are enough?—defining the extent of lymph node dissection in stage I–III
gastric cancer using the National Cancer Database. J. Gastrointest. Oncol. 9,
1168–1175 (2018).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as 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 images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s
CreativeCommons licenseandyour intendeduse isnotpermittedby statutory regulationor
exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Development and validation of a novel staging system integrating the. . .
Z Li et al.

950

http://creativecommons.org/licenses/by/4.0/

	Development and validation of a novel staging system integrating the number and location of lymph nodes for gastric�adenocarcinoma
	Background
	Methods
	Patient selection
	Clinicopathological data
	Statistical analysis

	Results
	Clinicopathological characteristics
	Prognostic factors in multivariate analysis and development of the MMLN staging system
	Survival analysis based on the MMLN classification within the other five LN classifications
	Comparisons of the prognostic performance of all LN-based stage systems

	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




