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Abstract
Background Our aim was to establish a new pN staging system for gastric cancer based on the number and location of metastatic
lymph nodes (MLNs) and to compare it with other systems.
Methods We retrospectively analyzed the prognostic data of 521 gastric cancer patients who underwent curative resection.
Survival analyses were used to establish a pN staging system that considers both the number and location of MLNs and to
compare discriminatory ability and monotonicity of gradients (linear trend χ2 score), homogeneity ability (likelihood ratio test),
and prognostic stratification ability (Akaike information criterion) between Japanese Gastric Cancer Association (JGCA) and
Union for International Cancer Control (UICC) systems.
Results Cut-point survival analysis divided pN+ patients into two groups: Nxn1~6 and Nxn≥7. N0, N1, N2, and N3 (the previous
classifications) were replaced by N0, N1n1~6, N2n1~6, and N1n≥7 + N2n≥7 + N3n1~6 + N3n≥7, respectively. Compared with two
widely used staging systems, the new system had the highest likelihood ratio test [106.06 (new) vs 95.09 (JGCA) vs 94.33
(UICC)] and linear trend χ2 scores [102.30 (new) vs 89.12 (JGCA) vs 86.97(UICC)] and the lowest Akaike information criterion
(AIC) score [2,283.88 (new) vs 2,285.31 (JGCA) vs 2,299.88 (UICC)].
Conclusion A new pN staging system based on the number and location of MLNs is an efficient prognostic indicator of the
survival of patients with gastric cancer following radical surgery.
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Introduction

Although its incidence has steadily declined over the past few
decades, gastric carcinoma is still one of the most common

malignancies worldwide. An estimated 934,000 new cases are
diagnosed each year, with the highest incidence rate in North-
east Asia, intermediate incidence rates in Europe and South
America, and the lowest incidence rates in North America,
Africa, South Asia, and Oceania.1,2 In China, there are more
than 40,000 estimated new cases of stomach cancer per year,3

most of which are diagnosed at an advanced stage with lymph
node metastasis. The depth of tumor invasion and nodal
involvement is thought to be the most important prognostic
factors in gastric cancer in both the hemispheres.4,5 Since
variations in pN stage distribution significantly affect the
predicted outcome of gastric cancer patients, a greater reliabil-
ity of staging in gastric cancer is warranted.

There are twomain pN staging systems for gastric cancer in
the world: the TNM system of the Union for International
Cancer Control (UICC), which is based on the number of
metastatic lymph nodes (MLNs), and the former system of
the Japanese Gastric Cancer Association (JGCA) (13th edition
and earlier), which stresses the location (anatomic position of
MLNs and their distance from primary tumors) of MLNs.
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Both staging systems provide prognostic information for gas-
tric cancer patients with lymph nodemetastasis, and both have
great clinical value. pN staging based on the number ofMLNs
is simple, reliable, and reproducible but does not provide
information about the extent of lymph node metastasis. Con-
versely, pN staging based on the location ofMLNs is complex
and tedious but does provide information on the extent of
lymph node metastasis, as well as guidance and appraisal of
standard lymphadenectomies.

Our goal was to incorporate the advantages of the two
staging systems into a single staging system. Here, we pro-
pose a new pN classification system based on both the number
and location of MLNs. We evaluated its prognostic value in
terms of the survival of patients with gastric cancer following
radical and in comparison with the JGCA (13th edition) and
UICC (7th edition) staging systems.

Materials and Methods

Patients

From May 1998 to June 2008, 811 consecutive gastric cancer
patients underwent curative gastrectomy at the Division of
Gastrointestinal Surgery, the First Affiliated Hospital, Sun
Yat-sen University in China. All patients had routinely
received preoperative chest X-rays and abdominal com-
puter tomography scans to exclude liver and lung metas-
tasis. In some instances, they received bone or positron
emission topography scans to exclude bone or other dis-
tant metastases.

The inclusion criteria of our study were as follows: (1)
Patients were diagnosed with primary gastric adenocarcinoma
via a histopathologic examination, (2) patients underwent
radical gastrectomy with D2 lymphadenectomy or D2+ if
necessary, (3) at least 15 lymph nodes were dissected, and
(4) the death of the patient was cancer-associated. The exclu-
sion criteria were as follows: (1) a history of other primary
malignant tumors; (2) patients had a distant metastasis, such as
peritoneal, liver, bone, or extraregional lymph node metasta-
ses; (3) patients were diagnosed with gastric stump cancer
after gastric resection for benign disease; (4) patients received
neo-adjuvant chemotherapy; and (5) patients died during their
initial hospitalization.

Among the 811 patients who underwent surgery at our
hospital, 160 had an insufficient number of lymph nodes
harvested, 207 were diagnosed with a distant metastasis (130
patients had peritoneal metastasis, 36 had liver metastasis, and
47 had extraregional lymph nodemetastasis) and had received
palliative resection, and 34 were diagnosed with remnant
gastric cancer. Ultimately, 521 eligible patients were included
in our study.

Perioperative Treatment

The depth of tumor involvement, the state of lymph node
metastasis and distant metastasis, histological type, and degree
of differentiation were evaluated by expert pathologists. Cu-
rative operations were performed by surgeons trained by the
standardized radical operation program. En bloc resection of
the primary tumor and its lymphatic drainage area was rec-
ommended as the standard procedure. D2 lymphadenectomy
was performed according to the 14th edition of the JGCA
guidelines and was routinely based on tumor location. An
extension of lymphadenectomy (D2+ or D3) to further stations
was optional for patients suspected of having lymph node
metastases based on preoperative examinations and operative
exploration, such as the station nos. 12b, 12p, 13, and 16.
Extraregional lymph node included the station nos. 14a, 14v,
15, 17, 18, 19, 20, 110, 111, and 112. D2 lymphadenectomy in
the hepatoduodenal ligament and along the common hepatic
artery and D3 lymphadenectomy in no. 16a2 and no. 16b1
areas are shown in Fig. 1a, b. Depending on their pN classi-
fication (according to the staging system in the 5th edition of
the UICC),6 patients received postoperative chemotherapy
based on a 5-fluorouracil and calcium leucovorin regimen.

Lymph Node Evaluation

Nodal involvement was evaluated according to the pN classi-
fications of the 7th edition of the UICC guidelines7 and the 3rd
edition of the Japanese gastric cancer treatment guidelines.8

The number of MLNs was determined as according to the 7th
edition of the UICC guidelines, which define pN classes on
the basis of the number of regional MLNs as follows: N0, 0;
pN1, 1–2; pN2, 3–6; and pN3, >6. The anatomic location of
MLNs was determined according to the 3rd edition of the
Japanese gastric cancer treatment guidelines, and the extent of
lymph node involvement was based on the type of
gastrectomy.

Surveillance

The postoperative follow-up schedule was every 3 months for
the first 2 years, every 6 months for the next 3 years, and
annually thereafter until the patient died. During the follow-up
period, all patients received gastroscopic examinations, tumor
markers tests, chest X-rays, and computed tomography scans
or abdominal ultrasound examinations. The most recent
follow-up date was December 2013. The follow-up rate was
95.1 %.

Statistical Analysis

The postoperative cumulative survival rate was determined
according to the life-table method, and the log-rank test was
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used to assess statistical differences between groups. Survival
curves were constructed according to the Kaplan-Meier meth-
od. Parameters with statistical significance in a univariate
analysis were further analyzed by amultivariate analysis using
a Cox proportional hazard model. The most significant statis-
tical cutoff point for the number of MLNs was determined by
a cut-point survival analysis. Homogeneity was measured
using the likelihood ratio χ2 test, which is related to the Cox
regression model. Discriminatory ability and monotonicity of
gradients were measured using the linear trend χ2 test. The
Akaike information criterion (AIC) within the Cox propor-
tional hazard model was used to minimize potential bias in

comparing different prognostic systems. The AIC was defined
by a −2 log maximum likelihood +2 multiplied by the number
of parameters in the model. The accepted level of significance
was P<0.05. The statistical analysis package (SPSS 16.0,
SPSS Inc., Chicago, IL) was used for all statistical analyses.

Results

The mean age of the 521 patients in our cohort was 56.64±
12.34 years (range, 25–87). The cohort consisted of 359

Fig. 1 Survival curves and median survival time according to JGCA pN+ stage combined with cutoff of MLNs (n1~6 and n≥7). a A whole view of
subgroups, b JGCAN1 subgroups, c JGCAN2 subgroups, and d N1n≥7, N2n≥7, N3n1~6, and N3n≥7 subgroups. MsT median survival time
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(68.9 %) men and 162 (31.1 %) women. One hundred fifty-
nine patients (30.5 %) had adenocarcinoma of the proximal
stomach, and 362 (69.5 %) had adenocarcinoma of the distal
stomach. A total of 12,511 lymph nodes were retrieved from
the 521 patients (mean number of lymph nodes per patient,
24.01±0.59; range, 15–78). Three hundred and four patients
were lymph node-positive (N+), and 1,738 MLNs were pres-
ent in these patients (mean number of MLNs per N+ patient,
5.72; range, 1–55). The incidence of lymph node metastasis
was 58.3 % (304 of 521 patients).

Survival Analysis for Prognostic Factors

Statistically significant prognostic factors for the survival of
patients with gastric cancer were identified by a univariate
analysis using the Cox proportional hazard model and were as
follows: sex, tumor size, tumor location, histological type,
depth of invasion, number of MLNs, and location of MLNs
(based on the JGCA pN classification system). Using a Cox
proportional hazard model and a forward LR procedure, a
multivariate analysis of the results obtained in the univariate
analysis was performed. Of the factors identified in the uni-
variate analysis, both the number ofMLNs [hazard ratio (HR),
1.046; 95 % confidence interval (CI), 1.024–1.069; P<0.05]
and the location of MLNs (HR, 1.427; 95 % CI, 1.186–1.717;
P<0.05) were significant independent prognostic factors. Sex,
tumor size, and depth of invasion were also independent
prognostic factors.

Determination of the Most Appropriate Cut-point
of Metastatic Lymph Nodes

To determine the most suitable cut-point for the number of
MLNs, we compared the survival hazard between groups with
different numbers of MLNs using a Cox proportional hazard
model. The highest chi-square value was deemed the cut-
point. As indicated in Table 1, the threshold of the group with
seven MLNs had the highest chi-square value and therefore
was the cut-point used in our study (χ2 value, 34.126; HR,
19.734; 95 % CI, 7.255–53.676).

Establishment of a New pN Stage

According to the results of the cut-point analysis, N+ patients
could be divided into two groups: Nxn1~6 (number of MLNs
≤6) and Nxn≥7 (number of MLNs ≥7). As determined by the
log-rank test of the Kaplan-Meier method, N1n1~6 and N2n1~6
were significantly associatedwith higher overall postoperative
survival rates than were N1n≥7 and N2n≥7, respectively
(N1n1~6, 125.3 months and N1n≥7, 23.0 months; N2n1~6,
45.1 months and N2n≥7, 25.5 months; P<0.05) (Fig. 1b, c).
There were no statistically significant differences in survival

between N1n≥7, N2n≥7, N3n1~6, and N3n≥7 (23.0, 25.5, 22.5,
and 18.0 months, respectively; P>0.05). Each subgroup ex-
cept the ones shown in Fig. 1d had statistically significant
differences in survival with other subgroups. On the basis of
the survival results, the pN stages of patients with gastric
cancer were reclassified. The new designations were N0,
N1n1~6, N2n1~6, and N1n≥7 + N2n≥7 + N3n1~6 + N3n≥7, which
correspond to the previous classifications of N0, N1, N2, and
N3, respectively (Fig. 2).

Comparison of Three Staging Systems

1. Performance The performance of the pN staging systems
was assessed by the likelihood ratio test
(which assesses homogeneity) and the linear
trend test (which assesses discriminatory
ability and monotonicity of gradients). In
the linear trend test, the χ2 scores for the
new system, the JGCA system, and the
UICC system were 102.30, 89.12, and
86.97, respectively. The likelihood ratio χ2

scores showed a similar trend: Scores for the
new pN system, the JGCA system, and the
UICC system were 106.06, 95.09, and
94.33, respectively. Therefore, the new sys-
tem had the best discriminatory ability and
monotonicity of gradients and the best ho-
mogeneity of the three systems.

2. Prognostic
Ability

Postoperative cumulative survival rates and
comparisons between each subgroup of
each pN stage were determined by the life
table and the Kaplan-Meier methods. As
shown in Fig. 3a–c, the new, JGCA, and
UICC pN staging systems were able to ac-
cess differences in survival among each sub-
group (P<0.05).

The results of a univariate analysis
showed that the new pN staging system was
a statistically significant prognostic factor. As
shown in Fig. 3, the three pN staging systems
predicted survival differences among each
pN category and thus were highly correlated.
Three separate multivariate tests were ap-
plied to the three systems to avoid problems
resulting from multicollinearity (Table 2).
The multivariate results showed that the
new pN staging system had the lowest AIC
value (2,283.88), followed by the UICC sys-
tem (2,285.31), and the JGCA system
(2,299.88). This indicates that the new pN
staging system provides the most accurate
prognostic stratification of the three systems.
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Discussion

Themost important characteristic of a cancer staging system is
accuracy for prognostic stratification,9 especially for gastric
cancer. At present, the pN classification system for gastric

cancer is under extensive evaluation and investigation. The
current Japanese classification system for pN stage is no
longer based on the anatomical location of MLNs10; it has
been revised to match the more widely used UICC
classification7 and other systems based on the number of
MLNs (Table 3). In the revised Japanese classification system,
there are four pN stages based on the number of MLNs, but
not the extent of lymph node metastasis. However, basing pN
classification on the number ofMLNs, regardless of the extent
of MLNs, remains controversial.

The latest pN classifications in the 7th edition of the UICC
guidelines and the 14th edition of the JGCA guidelines are
based on the number of MLNs and are simple, objective,
reproducible, and easily compared worldwide and have better
prognostic ability than other node-staging systems.12–17

Kunisaki et al.11 retrospectively analyzed 1,244 gastric cancer
patients and found that the UICC pN classification systemwas
more rational and homogenous and a more accurate predictor
of prognosis than was the former JGCA classification system.

Table 1 The cut-point survival analysis of each metastatic lymph nodes

Threshold MsT χ2 value Hazard ratio 95 % CI P value

1 138.000 5.048 1.816 1.079–3.057 0.025

2 75.259 9.510 2.238 1.341–3.733 0.002

3 109.491 10.274 2.422 1.410–4.161 <0.001

4 38.306 31.792 4.475 2.658–7.535 <0.001

5 46.954 12.914 3.079 1.667–5.684 <0.001

6 49.753 9.619 3.276 1.548–6.936 0.002

7 15.000 34.852 8.623 4.217–17.631 <0.001

8 29.000 8.661 3.994 1.588–10.045 <0.001

9 40.800 11.488 4.936 1.961–12.426 <0.001

10 22.500 12.490 6.314 2.272–17.545 <0.001

11 37.714 8.400 3.917 1.556–9.861 0.004

12 28.500 13.428 5.620 2.232–14.148 <0.001

13 27.000 11.873 5.062 2.012–12.733 <0.001

14 16.000 18.136 9.219 3.317–25.626 <0.001

15 18.000 12.082 7.931 2.467–25.493 0.001

16 30.000 8.166 5.498 1.708–17.698 0.001

17 18.000 22.023 30.965 7.383–129.873

18 9.000 18.928 93.358 12.094–720.638 <0.001

19 24.000 13.014 13.700 3.305–56.793 <0.001

20 10.500 7.221 6.978 1.692–28.782 0.007

21 6.000 33.016 71.581 16.677–307.241 <0.001

22 15.000 9.126 21.704 2.947–159.839 <0.001

23 15.000 10.178 25.926 3.509–191.548 <0.001

24 10.500 11.828 34.516 4.587–259.719 <0.001

37 36.000 0.002 0 0 0.964

55 9.000 – – – –

MsT median survival time, 95 % CI 95 % confidence interval

Fig. 2 New pN classifications based on the number (n1~6 and n≥7) and
anatomical location (JGCAN1, N2, and N3) of metastatic lymph nodes
according to the survival analysis and cut-point results
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Many researchers agree with this assessment.14–17 A major
concern was that the number of harvested lymph nodes and
the extent of lymphadenectomy skew the outcomes predicted
by the UICC system. Since the extent of lymphadenectomy
varies greatly among different gastric cancer centers, and
especially between western and eastern countries, the number
of lymph nodes retrieved also varies. In institutions in western
countries, extended lymphadenectomy is not a standard
procedure,18,19 and the number of dissected lymph nodes
may be lower in these institutions than in Japanese and Chi-
nese institutions, where extended lymphadenectomy is rou-
tinely performed. This disparity was the reason for decreasing

the number of involved lymph nodes that contribute to stage
migration.20 Moreover, the UICC pN staging system does not
provide information about the location of MLNs, which is an
important prognostic factor for patients with gastric cancer,
even those with the same number of MLNs. As shown in our
study, there were significant differences in the survival in
patients classified as N1 and N2 by the former JGCA system
when the number of MLNs was less than 7.

The former JGCA pN classification system (13th edition
and earlier) was based on the anatomical location of MLNs
because Japanese surgeons believed that node metastases
progressed through the lymph node stations in a stepwise

Fig. 3 a Survival curves according to the stages based on the number of
metastatic lymph nodes (7th edition of UICC/AJCC system). b Survival
curves according to the stages based on the anatomical location of
metastatic lymph nodes referred to the 3rd JGCA treatment guideline. c

Survival curves according to the new pN stages. The differences between
each group in the three different staging systems were statistically signif-
icant (P<0.05)
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manner.21 It also considered tumor spread and operative strat-
egies. Although less popular than the UICC system, the for-
mer JGCA system was superior to the UICC system in terms
of the prognostic stratification of stages III and IV gastric
cancer patients.22,23 However, it was criticized because its
sophisticated and meticulous mapping procedure for dissect-
ing lymph nodes was difficult, tedious, and a burden to
surgeons and pathologists.

Our study was conducted at a gastric cancer center where
D2 lymphadenectomy is considered the standard procedure.
Our results using the Cox proportional hazard model showed
that both the number and anatomical location of MLNs were
important independent prognostic factors, indispensable for
pN staging. It was therefore necessary to establish a new pN
classification system inwhich both parameters were taken into
consideration.

Although the guidelines for pN classification in the 7th
edition of the UICC are widely accepted, some researchers
argue that they do not provide an appropriate cut-point for the
number of MLNs.24–26 Using the Cox proportional hazard
model, we defined the cut-point as the threshold of the sub-
group with seven MLNs, and we used this value in a survival
analysis of each subgroup. On the basis of the results of this
analysis, the pN stages of patients with gastric cancer were

reclassified, and there were significant survival differences
among the four new pN stages, which were designated N0,
N1n1~6, N2n1~6, and N1n≥7 + N2n≥7 + N3n1~6 + N3n≥7.

According to Ueno et al.,27 the performance of a prognostic
system is assessed by the following criteria: (1) homogeneity
(the survival differences of patients at the same stage are small
within the system), (2) discriminatory ability (the survival
differences of patients between different stages were small
within the system), and (3) monotonicity of gradients (an
earlier stage was associated with a better survival time than
an advanced stage in the system). We used the linear trend test
(for discriminatory ability and monotonicity of gradients) and
likelihood ratio test (for homogeneity) to compare the perfor-
mances of the new, former JGCA, and UICC classification
systems. As described above, the new pN staging system had
the highest linear trend χ2 score and likelihood ratio χ2 score
of the three systems and therefore the best homogeneity and
discriminatory ability and monotonicity of gradients.

All three pN staging systems were independent prognostic
factors as determined by a multivariate analysis. The AIC
value was used to minimize the bias and complexity of the
model and to improve the accuracy of correlations between
the staging system and the survival data. As described above,
the new pN staging system had the lowest AIC value of the

Table 2 Multivariate survival analysis results

χ2 value Hazard ratio 95 % CI P value

6th UICC/AJCC pN staging system

Gender 6.400 .0662 0.480–0.911 0.011

Tumor size 13.514 1.103 1.047–1.163 <0.001

Depth of invasion 18.335 1.628 1.302–2.034 <0.001

6th UICC pN staging 54.748 1.916 1.613–2.277 <0.001

13th JGCA pN staging system

Tumor size 14.088 1.103 1.048–1.161 <0.001

Depth of invasion 18.318 1.617 1.298–2.016 <0.001

13th JGCA pN staging 36.998 1.669 1.415–1.968 <0.001

New pN staging system

Gender 4.540 0.708 0.516–0.973 0.033

Tumor size 14.416 1.107 1.050–1.166 <0.001

Depth of invasion 14.251 1.540 1.231–1.927 <0.001

New pN staging 52.067 1.618 1.420–1.844 <0.001

95 % CI 95 % confidence interval, JGCA Japanese Gastric Cancer Association, UICC Union for International Cancer Control, AJCC American Joint
Committee on Cancer

Table 3 Different pN classifica-
tions according to the numbers of
metastatic lymph nodes

Author Number of patients Operation Category 5 years (%)

Li24 83 Curative resection 0,1–2, 3–6,7–9, ≥10 –

Deng25 456 Curative resection 0,1–2, 3–6,7–8, ≥9 87.3, 71.1, 44.1, 10.0, 3.9

Deng26 308 Curative resection 0, 1–4, 5–8,≥9 85.7, 62.3, 34.3, 0
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three systems and therefore the best prognostic ability with
minimal bias and complexity in this model.

We emphasize that number-based lymph node staging is
suitable only when harvested lymph nodes are meticulously
examined. Fifteen or more lymph nodes are needed for an
accurate number-based staging of lymph node metastasis.
Operative curability in respect to the extent of lymph node
dissection cannot be assessed by number-based staging sys-
tems. The extent of lymph node metastasis must be deter-
mined by the anatomical distribution of the involved lymph
nodes, and the completeness of lymph node dissection should
be evaluated at the anatomical location of the removed lymph
nodes.28 Hence, the ideal pN staging system should consider
both the location of MLNs and extent of lymph node metas-
tasis, as does the new pN classification system.

On the basis of the results of our study, we recommend the
new pN classification system because of its easy performance
and excellent prognostic ability. In the new system, classifi-
cation of lymph nodes into different complicated stations is no
longer necessary nor is subdivision of biopsy tissues accord-
ing to the regions of lymphadenectomy such as D1, D2, or D3.
The new system therefore overcomes previous disadvantages
and inconveniences and increases reproducibility.

In conclusion, both the number and anatomical location of
MLNs are important and indispensable for pN staging, as
shown not only in our study but also in other retrospective
studies. The new pN classification system had greater prog-
nostic stratification strength than did two routinely used node-
staging systems. We believe that the new pN classification
system, which includes both the number and location of
MLNs, will serve as an appropriate and comprehensive stag-
ing system for gastric cancer.
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