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Abstract

Objective: To date, there is no consensus to evaluate the most appropriate category of the nodal metastasis for precise
predication the prognosis of gastric cancer patients with positive node metastasis after curative surgery.

Methods: We retrospectively analyzed the clinicopathologic characteristics and overall survival (OS) of 299 gastric cancer
patients with positive node metastasis after curative surgery for evaluation the optimal category of the nodal metastasis.

Results: With the univariate and multivariate survival analyses, the depth of primary tumor invasion was identified as the
independent predicators with the OS of 299 gastric cancer patients with nodal metastasis postoperatively, as were the
number of positive lymph nodes (PLNs), the number of negative lymph nodes (NLNs), and the ratio between negative and
positive lymph nodes (RNPL). The RNPL was identified to be more suitable for predication the OS of gastric cancer patients
with positive node metastasis than the ratio between positive and dissected lymph nodes (RPDL) by using the stratum
procedure of survival analysis. Besides, we found both PLNs and NLNs were independently correlated with OS of gastric
cancer patients with nodal metastasis when RNPL, instead of RPDL, was controlled in the partial correlation model.

Conclusions: RNPL, a new category of the nodal metastasis, was suitable for predication the OS of gastric cancer patients
with nodal metastasis after curative resection, as were the PLNs, and NLNs.
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Introduction

Presence of lymph node metastasis from primary tumor is one of

most important indicator for predication the prognosis of gastric

cancer postoperatively, as is depth of tumor invasion [1,2].

However, it is not the consensus of the optimal category of the

nodal metastasis for predication the prognosis of gastric cancer

patients after surgery worldwide. The Japanese category of the

nodal metastasis (n stage) for evaluation the prognosis of gastric

cancer patients based on the anatomical location of positive nodes

was first proposed by the Japanese Gastric Cancer Association

(JGCA) in the 1960s [3]. However, the category of the nodal

metastasis based on the location of metastatic lymph nodes was

found to be inferior to the category of the nodal metastasis based

on the number of positive lymph nodes (PLNs) for predication the

prognosis of gastric cancer, and was considered to be preferable

for surgical instruction rather than prognostic predication [4,5]. At

present, the PLNs-based classification is considered an appropriate

category of nodal metastasis in accordance with the N stage

proposed by the International Union Contrele Cancer (UICC)

and American Joint Commission for Cancer (AJCC) in 1997 [6,7].

Whether or not the ratio between positive and dissected lymph

nodes (RPDL) is superior to PLNs for use in the precise prediction

of gastric cancer prognosis following radical surgery remains

controversial [8]. Nevertheless, several investigators have reported

that RPDL is the best category of the nodal metastasis for

evaluation the postoperative OS of gastric cancer patients [9–11].

Our published article showed that PLNs are more effective than

RPDL in determining the postoperative OS of gastric cancer

patients [12].

Recently, we have reported that number of negative lymph

nodes (NLNs) is an important predicator of the OS of gastric

cancer patients after curative surgery in addition to the extent of

lymph node metastasis, the PLNs, and the RPDL [13]. Further,

we demonstrated the NLNs had positive associations with the OS

of gastric cancer patients following the extended lymphadenecto-

my [14]. Consequently, we did take it for granted that NLNs
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Table 1. Clinicopathologic characteristics of 299 gastric cancer patients with positive node metastasis.

Gender

Male 208 (69.6%)

Female 91 (30.4%)

Age at surgery

Mean±SD: 54.85611.86 years Range: 22–78 years

,55 151 (50.5%)

$55 148 (49.5%)

Tumor location

Lower third 151 (50.5%)

Middle third 76 (25.4%)

Upper third 67 (22.4%)

More than 2/3 5 (1.7%)

Tumor size

Mean±SD: 6.1962.83 cm Range: 1.5–19.0 cm

#6.5 185 (61.9%)

.6.5 114 (38.1%)

Depth of primary tumor invasion (according to 7th UICC TNM Classification T stage)

T2 2 (0.7%)

T3 8 (2.7%)

T4a 241 (80.6%)

T4b 48 (16.1%)

Extent of lymph node metastasis

Perigastric 220 (73.6%)

Extragastric 79 (26.4%)

TLNs

Mean±SD: 21.9768.15 Range: 15–64

#22 206 (68.9%)

.22 93 (31.1%)

PLNs (according to 7th UICC TNM Classification N stage)

Mean±SD: 8.8068.00 Range: 1–53

N1 83 (27.8%)

N2 68 (22.7%)

N3 148 (49.5%)

NLNs

Mean±SD: 13.1868.59 Range: 0–61

#9 98 (32.8%)

.9 201 (67.2%)

RPDL

Mean±SD: 39.69%629.58% Range: 1.6%–100%

#10.0% 69 (23.1%)

10.1%–40.0% 97 (32.4%)

.40.0% 133 (44.5%)

RNPL

Mean±SD: 5.5768.00 Range: 0–61

#0.18 27 (9.0%)

0.19–1.70 121 (40.5%)

1.71–7.00 76 (25.4%)

.7.00 75 (25.1%)

Type of gastrectomy

Subtotal 223 (74.6%)

Total 76 (25.4%)

A Novel Category of Nodal Metastasis
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should be regarded as a new category of the nodal metastasis for

evaluation the postoperative prognosis of gastric cancer patients.

In view of aforementioned causalities, we designed this study to

address several issues which were associated with nodal metastasis

from gastric cancer. They are as follows: 1) to elucidate the suitable

categories of the nodal metastasis for predication the OS of gastric

cancer patients with positive node metastasis after curative resection;

and 2) to initially interpret the superiorities and reasons of the suitable

categories of the nodal metastasis for predication the OS of gastric

cancer patients with positive node metastasis after curative resection.

Methods

Patients
1748 patients who underwent potentially curative resection for

gastric cancer at the Gastric Cancer Surgery Division, Tianjin

Medical University Cancer Hospital from January 1997 through

December 2003 were eligible for this study. Eligibility criteria for

this study included: 1) histologically proven primary adenocarci-

noma of the stomach, 2) no history of gastrectomy or other

malignancy, 3) a lack of non-curative surgical factors except for

distant metastasis (such as liver, lung, brain, or bone-marrow

metastasis) and peritoneal dissemination, lymph node metastasis in

para-aortic lymph node metastasis, 4) lymphadenectomy per-

formed (limited, or extended), 5) no gastroesophageal junction

tumor or cardia tumor, 6) the number of dissected lymph nodes for

pathological examination was no less than 15, 7) positive node

metastasis identified by pathological examination postoperatively,

and 8) no patients died during the initial hospital stay or for 1

month after surgery. As a result, 1449 patients were excluded from

this study. Of these excluded patients, 31 had the history of

gastrectomy, 52 had other malignancy, 43 presented with hepatic

metastasis intra-operation, 63 had ovarian metastasis, 221

underwent palliative gastrectomy for para-aortic node metastasis,

106 had peritoneal dissemination, 34 died of serious complica-

tions, 742 had less than 15 dissected lymph nodes, and 157

identified pathologically to have no node metastasis. Ultimately,

299 patients were included in this study.

Surgical Treatment
All patients were operated on according to the potentially curative

gastrectomy plus lymphadenectomy method. Curative resection was

defined as a complete lack of grossly visible tumor tissue and

metastatic lymph nodes remaining after resection, with pathologi-

cally negative resection margins [15]. Primary tumors were resected

en bloc with limited or extended lymphadenectomy (D1 or D2–3

according to the Japanese Gastric Cancer Association [16]). The

choice of surgical procedure of gastrectomy (total gastrectomy or

subtotal gastrectomy) was made by the attending surgeon’s

preference, and based mainly on the gastric cancer treatment

guidelines in Japan [17]. Surgical specimens were evaluated as

recommended by 7th UICC TNM classification for gastric cancer.

Adjuvant Therapy
Most of patients received the adjuvant chemotherapy based on

fluorouracil and leucovorin calcium after curative gastrectomy.

Radiotherapy was not routinely administrated in patients routinely.

Evaluated Variables
To determine the most appropriate cut-off values for continuous

data variables, such as age at surgey, tumor size, RPDL, TLNs,

NLNs, and ratio between negative and positive lymph nodes

(RNPL), the cut-point survival analysis [12,18] was adopted. The

following clinicopathological variables were evaluated: (1) age at

surgery (,55, or $55 years); (2) gender (male or female); (3) tumor

location (lower third, middle third, upper third, or whole stomach);

(4) tumor size (#6.5, or .6.5c m); (5) extent of lymphadenectomy

(limited, or extended); (6) type of gastrectomy (subtotal, or total);

(7) Lauren’s classification of primary tumor (intestinal, diffuse, or

mixed); (8) depth of primary tumor invasion (according to 7th

UICC TNM Classification T stage) (T1, T2, T3, or T4); (9) extent

of lymph node metastasis (perigastric (n1 stage according JGCA),

or extragastric (n2, or n3 stage according to JGCA); (10) TLNs

(#22, or .22); (11) PLNs (according to 7th UICC TNM

Classification N stage) (N0, N1, N2, or N3); (12) NLNs (#9, or

.9); (13) RNPL (#0.18, 0.19–1.70, 1.71–7.00, or .7.00); (14)

RPDL (#10.0%, 10.1–40.0%, and .40.0%); and (15) the 7th

UICC TNM Classification (Ia, Ib, IIa, IIb, IIIa, IIIb, IIIc, and IV).

Ethics Statement
The study was approved by the Research Ethics Committee of

Tianjin Medical University Cancer Institute and Hospital, China.

Informed consent was obtained from all patients before partici-

pating in the study.

Extent of lymphadenectomy

Limited 105 (35.1%)

Extended 194 (64.9%)

Lauren’s classification of primary tumor

Intestinal 145 (48.5%)

Mixed 126 (42.1%)

Diffuse 28 (9.4%)

TNM Classification (the 7th edition)

IIa 1 (0.3%)

IIb 3 (1.0%)

IIIa 79 (26.4%)

IIIb 61 (20.4%)

IIIc 155 (51.8%)

SD, standard deviation.
doi:10.1371/journal.pone.0043925.t001

Table 1. Cont.

A Novel Category of Nodal Metastasis
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Statistical Analysis
Categorical variables were statistically compared a x2 or

Fisher’s exact test. Continuous data were shown as mean (s.d.)

and were statistically compared using the Mann–Whitney test.

The median OS was determined by using the Kaplan-Meier

method, and log-rank test was used to determine significance.

Factors that were deemed of potential importance on univariate

analyses (P,0.05) were included in the multivariate analyses.

Multivariate analysis of OS was performed by means of the Cox

proportional hazards model, using the forward: Logistic regression

(LR) procedure for variable selection, respectively. Hazard ratios

(HR) and 95% CI were generated. Akaike Information Criterion

(AIC) and Bayesian Information Criterion (BIC) were performed

for evaluation the best clinicopathological variable for predication

the prognosis of gastric cancer. The smaller are AIC value and

BIC value, the better is clinicopathological variable for predication

the prognosis. Bivariate correlation analysis performed by means

of the bivariate correlation model for validation the correlation

between the given variable associated with lymph node metastasis

and the OS of patients. Partial correlation analysis among

variables associated with lymph nodes metastasis was performed

by means of the partial correlation model for validation whether

the given variable had any impact on the correlation between the

OS of patients and the other variable. In all statistical analyses,

significance was defined as P,0.05 and the statistical significance

was two sided. The OS analysis of all patients was initially

completed in April 2009. All statistical analyses were performed

with statistical analysis program package (SPSS 16.0, SPSS Inc.

Chicago, IL).

Follow-up
After curative surgery, all patients were followed every 6 months

for 2 year, then every year or until death. The median follow-up

for the entire cohort was 54 months (range: 3–127). The follow-up

of all patients who were included in this study was completed in

February 2009. B ultrasonography, CT scans, chest X-ray, and

endoscopy were obtained with every visit.

Results

Clinicopathological Outcomes
The clinicopathological characteristics of 299 gastric cancer

patients with positive nodes after curative resection are shown in

Table 1. The 5 year survival rate (5-YSR) of all enrolled patients

Table 2. Univariate survival analysis of 299 gastric cancer
patients with positive node metastasis.

Variables
Median
OS (mo)

Chi-square
value P value

Gender

Male 25 0.448 0.503

Female 33

Age at surgery (years)

,55 36 10.467 0.001

$55 25

Tumor location

Lower third 35 11.592 0.009

Middle third 16

Upper third 26

More than 2/3 36

Tumor size (cm)

#6.5 35 12.998 ,0.001

.6.5 22

Type of gastrectomy

Subtotal 34 21.117 ,0.001

Total 14

Extent of lymphadenectomy

Limited 27 0.013 0.911

Extended 28

Lauren’s classification of primary tumor

Intestinal 35 9.275 0.010

Mixed 36

Diffuse 24

Depth of primary tumor invasion*

T2 75 25.011 ,0.001

T3 24

T4a 33

T4b 15

Extent of lymph node metastasis

Perigastric 36 27.561 ,0.001

Extragastric 15

TLNs

#22 26 0.045 0.831

.22 29

PLNs *

N1 84 159.381 ,0.001

N2 48

N3 14

NLNs

#9 12 119.545 ,0.001

.9 54

RPDL (%)

#10.0 86 164.430 ,0.001

10.1–40 47

.40 13

RNPL

#0.18 8 168.730 ,0.001

Table 2. Cont.

Variables
Median
OS (mo)

Chi-square
value P value

0.19–1.70 17

1.71–7.00 47

.7.00 81

TNM Classification*

IIa 75 159.207 ,0.001

IIb 21

IIIa 89

IIIb 48

IIIc 14

*According to the 7th UICC TNM Classification of Gastric Cancer.
doi:10.1371/journal.pone.0043925.t002

A Novel Category of Nodal Metastasis
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Figure 1. Survival curve for 299 gastric cancer patients with positive lymph nodes following curative resection according to stage
subgroup N stage (the 7th UICC TNM Classification of Gastric Cancer).
doi:10.1371/journal.pone.0043925.g001

Figure 2. Survival curve for 299 gastric cancer patients with positive lymph nodes following curative resection according to stage
subgroup number of negative lymph nodes (#9, or .9).
doi:10.1371/journal.pone.0043925.g002
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was 32.1%, and 84 patients were alive when the follow-up was

completed. The median OS of all patients after surgery was 27.0

months.

Univariate Survival Analysis
With univariate analysis (Kaplan-Meier method), we found

twelve clinicopathological variables had significant associations

with the OS of gastric cancer patients with positive node metastasis

after curative resection. They are as follows: age at surgery, tumor

location, tumor size, type of gastrectomy, Lauren’s classification of

primary tumor, depth of primary tumor invasion, extent of lymph

node metastasis, PLNs, NLNs, RPDL, RNPL, and the 7th UICC

TNM Classification of gastric cancer (Table 2).

Multivariate Survival Analysis
All of the twelve variables above were included in a multivariate

Cox proportional hazards model (forward stepwise procedure) to

adjust the effects of covariates. In the model, eight block

procedures were systematically analyzed to obtain the most

intensively independent predicators of the OS of all enrolled

patients after curative surgery in accordance with the forward

stepwise procedure (likelihood ratio). In the first block analysis, age

at surgery, tumor location, tumor size, type of gastrectomy, and

Lauren’s classification of primary tumor were included in the

procedure. Age at surgery (HR = 1.576; 95%CI 1.201–2.068;

P = 0.001), and type of gastrectomy (HR = 0.506; 95%CI 0.378–

0.679; P,0.001) were identified as the significantly independent

predicators of the OS of enrolled patients after curative surgery,

based on the results of the first procedure. Subsequently, the extent

of lymph node metastasis (HR = 1.867; 95%CI 1.387–2.513;

P,0.001) was demonstrated to have a significant association with

the OS of enrolled patients after curative surgery in the second

block analysis.

When the PLNs (according to the 7th UICC TNM Classifica-

tion N stage) were included in the third block procedure, all three

clinicopathological variables lost the statistical significances in the

predication of the OS of enrolled patients after surgery. The PLNs

(HR = 2.525; 95%CI 1.947–3.276;P,0.001) and the NLNs

(HR = 0.642; 95%CI 0.458–0.899; P = 0.010) were identified as

the independent predicators of the postoperatively OS of all

patients when the fourth procedure of multivariate analysis

procedure was accomplished. After the fifth and the sixth block

procedures were executed, another independent predicator of OS,

which was shown to have significant association with the

postoperatively OS of gastric cancer patients with positive node

metastasis, was identified as RNPL (HR = 0.635; 95%CI 0.458–

0.880; P = 0.006) instead of RPDL (P = 0.285).

After the last two block analyses of the Cox proportional

hazards model, the depth of primary tumor invasion (HR = 1.552;

95%CI 1.138–2.116; P = 0.006) was also identified as an

independent predicator of the OS of enrolled patients following

the curative surgery. Conversely, the 7th UICC TNM classifica-

tion of gastric cancer was validated to have no association with the

OS of enrolled patients (P = 0.713). Ultimately, the depth of the

primary tumor invasion was identified as an independent

postoperative predicator with the OS of gastric cancer patients,

as were the PLNs(HR = 1.715; 95%CI 1.176–2.500; P = 0.005),

the NLNs (HR = 0.689; 95%CI 0.481–0.987; P = 0.042), and the

RNPL (HR = 0.653; 95%CI 0.470–0.970; P = 0.011) (Figures 1, 2,

and 3 and Table 3).

Figure 3. Survival curve for 299 gastric cancer patients with positive lymph nodes following curative resection according to stage
subgroup RNPL (#0.18, 0.19–1.70, 1.71–7.00, or .7.00).
doi:10.1371/journal.pone.0043925.g003
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AIC and BIC Values Performance
AIC and BIC values were executed by using Logistic regression

according to the survival status of patients when the follow-up was

over. We demonstrated that both AIC value and BIC value of the

RNPL were the smallest (AIC value = 79.807, and BIC val-

ue = 94.609) in the aforementioned four independently prognostic

predicators of gastric cancer which were validated by the

multivariate survival analysis (Table 4).

Bivariate Correlation Analysis
The special correlation between the given category of the nodal

metastasis and the postoperative OS of the gastric cancer patients

with positive node metastasis needs to be elucidated. Thus, we

adopted the bivariate correlation method for the further statistical

analysis. Through this method, we demonstrated the significant

association of the four categories of nodal metastases with the

postoperative OS of gastric cancer patients with positive node

metastasis. They are as follows: 1) the PLNs (Pearson correlation

value = 20.515, P,0.001), 2) the NLNs (Pearson correlation

value = 0.448, P,0.001), 3) the RNPL (Pearson correlation

value = 0.494, P,0.001), and 4) the RPDL (Pearson correlation

value = 20.596, P,0.001). In addition, the TLNs were not proven

to have statistical associations with the postoperative OS of gastric

cancer patients with positive node metastasis (Pearson correlation

value = 20.033, P = 0.570; Table 5).

Partial Correlation Analysis
All of the four nodal metastasis categories above were included

in a partial correlation method for evaluation the covariate

interaction between the OS of patients with positive node

metastasis and the given category of the nodal metastasis. We

found several novel results as follows (Table 6): 1) NLNs had no

significant impact on the correlation between PLNs and the

postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 20.369, P,0.001); 2) PLNs had no

significant impact on the correlation between NLNs and the

postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 0.247, P,0.001); 3) RPDL had a

significant impact on the correlation between PLNs and the

postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 20.015, P = 0.801); 4) RPDL had a

significant impact on the correlation between NLNs and the

Table 3. Multivariate survival analysis of 299 gastric cancer
patients with positive node metastasis (according to the Cox
proportional hazards model (forward stepwise procedure)).

Block Variables in the equation HR P value

1 Age at surgery 1.576 0.001

1 Type of gastrectomy 0.506 ,0.001

2 Age at surgery 1.538 0.002

2 Type of gastrectomy 0.572 ,0.001

2 Extent of lymph node metastasis 1.867 ,0.001

3 Age at surgery 1.115 0.443

3 Type of gastrectomy 0.763 0.081

3 Extent of lymph node metastasis 0.983 0.912

3 PLNs 3.006 ,0.001

4 Age at surgery 1.147 0.333

4 Type of gastrectomy 0.779 0.109

4 Extent of lymph node metastasis 1.025 0.877

4 PLNs 2.525 ,0.001

4 NLNs 0.642 0.010

5 and 6 Age at surgery 1.188 0.226

5 and 6 Type of gastrectomy 0.785 0.121

5 and 6 Extent of lymph node metastasis 1.050 0.759

5 and 6 PLNs 1.735 0.004

5 and 6 NLNs 0.743 0.101

5 and 6 RNPL 0.635 0.006

7 and 8 Age at surgery 1.135 0.376

7 and 8 Type of gastrectomy 0.767 0.091

7 and 8 Extent of lymph node metastasis 0.988 0.941

7 and 8 PLNs 1.715 0.005

7 and 8 NLNs 0.689 0.042

7 and 8 RNPL 0.653 0.011

7 and 8 Depth of primary tumor invasion 1.552 0.006

doi:10.1371/journal.pone.0043925.t003

Table 5. Bivariate correlation analysis of the special
correlationship between the clinicopathological variables
associated with nodal metastasis and the postoperative OS of
gastric cancer patients with positive nodal metastasis.

Special variables
Pearson correlation
value P Value

PLNs 20.515 ,0.001

NLNs 0.448 ,0.001

RPDL 20.596 ,0.001

RNPL 0.494 ,0.001

TLNs 20.033 0.570

doi:10.1371/journal.pone.0043925.t005

Table 4. AIC and BIC values performance for evaluation the best prognostic predicator of the 299 gastric cancer patients with
positive node metastasis.

Clinicopathological variables AIC value BIC value -2log likelihood value

Depth of primary tumor invasion 80.963 95.765 72.963

PLNs 87.047 101.849 79.047

NLNs 83.002 97.804 75.002

RNPL 79.807 94.609 71.807

doi:10.1371/journal.pone.0043925.t004

A Novel Category of Nodal Metastasis
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postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 20.015, P = 0.792); 5) RNPL had no

significant impact on the correlation between the PLNs and the

postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 20.330, P,0.001); and 6) RNPL had

no significant impact on the correlation between NLNs and the

postoperative OS of gastric cancer patients with positive nodes

(Partial correlation value = 0.147, P = 0.011).

Discussion

Nodal involvement is one of the most crucial indicators of

prognosis of patients with resectable gastric cancer following the

curative surgery. Hitherto many categories of lymph node

metastasis have been adopted for evaluation the postoperative

OS of gastric cancer patients. In brief, three categories of the nodal

metastasis have been proposed as the conventional classifications

of lymph node metastasis from gastric cancer for predication the

prognosis after surgery. They are as follows: the extent of lymph

node metastasis, the PLNs, and RPDL.

Generally, the extent of lymph node metastasis cannot be

validated as an unfavorable predicator the OS of gastric cancer

patients due to the disunion of the criteria of the lymphadenec-

tomy intra-operation worldwide [19–22]. It has achieved the

consensus that the PLNs should be an intensively prognostic

indicator of gastric cancer after curative resection 7. However, the

Will Rogers phenomenon cannot be avoided if the TLNs are too

small to obtain the precise information of nodal metastasis [23,24].

Tokunaga et al [25] demonstrated that D2 plus para-aortic lymph

node dissection (D3 lymphadenectomy according to JGCA) was

beneficial to the prognosis of gastric cancer patients with positive

para-aortic lymph node metastasis, because of nodes for patho-

logical examination are acquired. Sianesi et al [26] retrospectively

reviewed 282 patients who underwent curative resection for gastric

cancer at Parma University Hospital between 2000 and 2007.

Using the pearson correlation test, they eventually showed that the

TLNs were significantly associated with the PLNs (p,0.0001) but

not with RPDL. It is so important that the TLNs should be

required to achieve the base-line, not less than 15 according to the

UICC/AJCC TNM classification for gastric cancer, for acquisi-

tion reliable nodal metastatic stage [27].

In addition, many investigators demonstrated the RPDL was

the most intensive category of the nodal metastasis for predication

the postoperative OS of gastric cancer patients, owing to its

inhibition of the stage migration regardless of the number and the

extent of lymph node dissection [28–30]. Nevertheless, the

prognostic superiority of the RPDL has been still controversial

for many years [8]. Our previous study demonstrated the RPDL

was inferior to the PLNs for predication the OS of gastric cancer

patients with 15 or more TLNs after curative resection by

analyzing with the control-case match method [12]. Bilici et al

[31] reported both the RPDL and the 5th UICC/AJCC pN stage

of gastric cancer were detected as independent prognostic factor

by multivariate analysis. Unfortunately, no significant prognostic

superiorities of the RPDL were shown in that investigation,

comparing to the 5th UICC/AJCC pN stage. Although it might

help to stratify patients in terms of prognosis when the TLNs are

limited, Kulig et al [32] demonstrated that the RPDL couldn’t be

regarded as a standard category of lymph node metastasis

alternative to other categories after curative gastrectomy plus the

extended lymphadenectomy.

The UICC/AJCC TNM classification for gastric cancer is a

kind of manual containing the periodical promotion and

modification. The 7th UICC/AJCC pN stage of gastric cancer

is the latest edition for evaluation the positive node metastasis from

gastric cancer, which has been validated to be more accurate than

the previous edition of the pN stage for predication the OS of

patients after surgery [33–35]. Actually, comparatively elaborate

pN stage of the 7th UICC/AJCC TNM classification for gastric

cancer can significantly improve the prognostic precision of

patients following the curative resection. In our previous study, we

demonstrated the 7th UICC/AJCC pN stage of gastric cancer was

superior to the 5th/6th UICC/AJCC pN stage or the RPDL for

predication the OS of gastric cancer patients with 15 or more

TLNs after curative resection [36].

Theoretically, NLNs may be associated with two important

conditions to affect the prognosis of gastric cancer patients after

curative resection as follows: 1) immune condition against the

malignant disease; and 2) micro-metastasis from the primary

tumor. In the previous investigation, we found that the NLNs

could enhance the postoperatively prognostic predication of the

RPDL to gastric cancer patients [13]. Through an elaborately

subgroup analysis of the clinicopathological data of patients, we

demonstrated that the subgroups of gastric cancer patients in

accordance with the same RPDL may have significantly different

postoperative OS owing to the nonconformity of NLNs [13].

Huang et al [37] reviewed the clinicopathological data 634 gastric

cancer patients who underwent a curative resection (R0) of lymph

nodes with distal gastrectomy from 1995 to 2004. They confirmed

that increasing the negative lymph node count could reduce the

RPDL and improve the survival rate of gastric cancer patients.

Similarly, we previously demonstrated that the harvest of enough

negative lymph nodes was the most important factors to improve

the OS of gastric cancer patients with perigastric node metastasis

after curative gastrectomy plus D2 lymphadenectomy [14].

The TLNs are composed of positive nodes and negative nodes

simultaneously. The sum of the number of positive nodes and the

Table 6. Partial correlation analysis for evaluation the interaction of covariates on the correlation between the OS of patients with
positive nodal metastasis and the special variable associated with nodal metastasis.

Control variables Correlationship Correlation value P value

NLNs Between the PLNs and the postoperative OS of enrolled patients 20.369 ,0.001

PLNs Between the NLNs and the postoperative OS of enrolled patients 0.247 ,0.001

RPDL Between the PLNs and the postoperative OS of enrolled patients 20.015 0.801

RPDL Between the NLNs and the postoperative OS of enrolled patients 20.015 0.792

RNPL Between the PLNs and the postoperative OS of enrolled patients 20.330 ,0.001

RNPL Between the NLNs and the postoperative OS of enrolled patients 0.147 0.011

doi:10.1371/journal.pone.0043925.t006
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number of negative nodes can not be sure to have a close

association with the OS of patients, which induces some adverse

effects of the RPDL for predication the OS of gastric cancer

patients after surgery, compared with the RNPL which is straight

ratio between negative and positive lymph nodes. Whether or not

the RPDL is the most authentic category of the lymph node

metastasis for predication the OS of gastric cancer patients

remains controversial. Unfortunately, the detailed defects of the

RPDL for predication the OS of gastric cancer have not been

clarified. In this study, we demonstrated that the RNPL is more

suitable for predication the prognosis of gastric cancer patients

with nodal metastasis than other factors. We believe that,

compared with RPDL, the RNPL could yield more accurate

statistical results by providing direct and comprehensive informa-

tion on nodal metastasis, micro-metastasis, and immune condi-

tions against the malignant disease of patients. Although our

present study is only a retrospectively small-scale investigation, we

obtained information that could be beneficial for selection a more

suitable category of nodal metastasis than RPDL for predication

the OS of gastric cancer patients after curative resection.

Author Contributions

Conceived and designed the experiments: JD HL XH. Performed the

experiments: JD. Analyzed the data: DS DW. Contributed reagents/

materials/analysis tools: LZ YP RZ. Wrote the paper: JD. Critical revision

of the manuscript: HL.

References

1. Hohenberger P, Gretschel S (2003) Gastric cancer. Lancet 362: 305–315.

2. Sasako M, Saka M, Fukagawa T, Katai H, Sano T (2007) Surgical treatment of

advanced gastric cancer: Japanese perspective. Dig Surg 24: 101–107.

3. Japanese Gastric Cancer Association (1998) Japanese Classification of Gastric

Carcinoma. 2nd English edition. Gastric Cancer 1: 10.

4. Kunisaki C, Shimada H, Nomura M, Matsuda G, Otsuka Y, et al. (2004)

Comparative evaluation of gastric carcinoma staging: Japanese classification

versus new american joint committee on cancer/international union against

cancer classification. Ann Surg Oncol 11: 203–206.

5. Ichikura T, Tomimatsu S, Uefuji K, Kimura M, Uchida T, et al. (1999)

Evaluation of the New American Joint Committee on Cancer/International

Union against cancer classification of lymph node metastasis from gastric

carcinoma in comparison with the Japanese classification. Cancer 86: 553–558.

6. Katai H, Yoshimura K, Maruyama K, Sasako M, Sano T (2000) Evaluation of

the New International Union Against Cancer TNM staging for gastric

carcinoma. Cancer 88: 1796–1800.

7. Aurello P, D’Angelo F, Rossi S, Bellagamba R, Cicchini C, et al. (2007)

Classification of lymph node metastases from gastric cancer: comparison

between N-site and N-number systems. Our experience and review of the

literature. Am Surg 73: 359–366.

8. Bilici A, Ustaalioglu BB, Gumus M, Seker M, Yilmaz B, et al. (2010) Is

metastatic lymph node ratio superior to the number of metastatic lymph nodes

to assess outcome and survival of gastric cancer? Onkologie 33: 101–105.

9. Marchet A, Mocellin S, Ambrosi A, Morgagni P, Garcea D, et al. (2007) The

ratio between metastatic and examined lymph nodes (N ratio) is an independent

prognostic factor in gastric cancer regardless of the type of lymphadenectomy:

results from an Italian multicentric study in 1853 patients. Ann Surg 245: 543–

552.

10. Huang CM, Lin BJ, Lu HS, Zhang XF, Li P, et al. (2008) Prognostic impact of

metastatic lymph node ratio inadvanced gastric cancer from cardia and fundus.

World J Gastroenterol 14: 4383–4388.

11. Maduekwe UN, Lauwers GY, Fernandez-Del-Castillo C, Berger DL, Ferguson

CM, et al. (2010) New metastatic lymph node ratio system reduces stage

migration in patients undergoing D1 lymphadenectomy for gastric adenocar-

cinoma. Ann Surg Oncol 17: 1267–1277.

12. Deng JY, Liang H, Sun D, Zhan HJ, Wang XN (2008) The appropriate cutoffs

of positive lymph nodes to evaluate the prognosis of gastric cancer patients.

J Surg Oncol 98: 343–348.

13. Deng JY, Liang H, Wang DC, Sun D, Ding X, et al. (2010) Enhancement the

prediction of postoperative survival in gastric cancer by combining the negative

lymph node count with ratio between positive and examined lymph nodes. Ann

Surg Oncol 17: 1043–1051.

14. Deng JY, Liang H, Sun D, Pan Y, Liu Y, et al. (2011) Extended

lymphadenectomy improvement of overall survival of gastric cancer patients

with perigastric node metastasis. Langenbeck Arch Surg 396: 615–623.

15. Hermanek P, Wittekind C (1994) Residual tumor (R) classification and

prognosis. Semin Surg Oncol 10: 12–20.

16. Jaehne J, Meyer HJ, Maschek H, Geerlings H, Bruns E, et al. (1992)

Lymphadenectomy in gastric adenocarcinoma: a prospective and prognostic

study. Arch Surg 127: 290–294.

17. Nakajima T (2002) Gastric cancer treatment guidelines in Japan. Gastric Cancer

5 :1–5.

18. Smith DD, Schwarz RR, Schwartz RE (2005) Impact of total lymph node count

on staging and survival after gastrectomy for gastric cancer: data from a large

US-Population Database. JCO 23: 7114–7124.

19. Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJH (1999) Extended

lymph-node dissection for gastric cancer. N Engl J Med 340: 908–914.

20. Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven J, et al. (1999) Patient

survival after D1 and D2 resections for gastric cancer: long-term results of the
MRC randomized surgical trial. Br J Cancer 79: 1522–1530.

21. Wu CW, Hsiung CA, Lo SS, Hsieh MC, Shia LT, et al. (2004) Randomized

clinical trial of morbidity after D1 and D3 surgery for gastric cancer. Br J Surg
91: 283–287.

22. Bunt AMG, Hermans J, Smit VTHBM, van de Velde CJH, Fleuren GJ, et al.
(1995) Surgical/pathologic-stage migration confounds comparisons of gastric

cancer survival rates between Japan and Western countries. J Clin Oncol 13: 19–

25.
23. Bouvier AM, Haas O, Piard F, Roignot P, Bonithon-Kopp C, et al. (2002) How

many nodes must be examined to accurately stage gastric adenocarcinomas?
Results from a population based study. Cancer 94: 2862–2866.

24. Feinstein AR, Sosin DM, Wells CK (1985) The Will Rogers phenomenon: stage
migration and new diagnostic techniques as a source of misleading statistics for

survival in cancer. N Engl J Med 312: 1604–1608.

25. Tokunaga M, Ohyama S, Hiki N, Fukunaga T, Aikou S, et al. (2010) Can
superextended lymph node dissection be justified for gastric cancer with

pathologically positive para-aortic lymph nodes? Ann Surg Oncol 17: 2031–
2036.

26. Sianesi M, Bezer L, Del Rio P, Dell’Abate P, Iapichino G, et al. (2010) The node

ratio as prognostic factor after curative resection for gastric cancer. J Gastrointest
Surg 14: 614–619.

27. Sobin LH, Wittekind CH (1997) International Union Against Cancer (UICC):
TNM Classification of Malignant Tumors, 5th ed. New York: John Wiley &

Sons.
28. Marchet A, Mocellin S, Ambrosi A, de Manzoni G, Di Leo A, et al. (2008) The

prognostic value of N-ratio in patients with gastric cancer: validation in a large,

multicenter series. Eur J Surg Oncol 34: 159–165.
29. Lee SY, Hwang I, Park YS, Gardner J, Ro JY (2010) Metastatic lymph node

ratio in advanced gastric carcinoma: a better prognostic factor than number of
metastatic lymph nodes? Int J Oncol 36: 1461–1467.

30. Fukuda N, Sugiyama Y, Midorikawa A, Mushiake H (2009) Prognostic

Significance of the Metastatic Lymph Node Ratio in Gastric Cancer Patients.
World J Surg 33: 2378–2382.

31. Bilici A, Seker M, Ustaalioglu BB, Yilmaz B, Doventas A, et al. (2010)
Determining of metastatic lymph node ratio in patients who underwent D2

dissection for gastric cancer. Med Oncol 27: 975–984.

32. Kulig J, Sierzega M, Kolodziejczyk P, Popiela T; Polish Gastric Cancer Study
Group (2009) Ratio of metastatic to resected lymph nodes for prediction of

survival in patients with inadequately staged gastric cancer. Br J Surg 96: 910–
918.

33. Funada T, Kochi M, Yamazaki S, Fujii M, Takayama T (2011) Prognostic
significance of a new system for categorization of the number of lymph node

metastases in gastric cancer. Hepatogastroenterology 58: 642–646.

34. Wang W, Sun XW, Li CF, Lv L, Li YF, et al. (2011) Comparison of the 6th and
7th editions of the UICC TNM staging system for gastric cancer: results of a

Chinese single-institution study of 1,503 patients. Ann Surg Oncol 18: 1060–
1067.

35. Ahn HS, Lee HJ, Hahn S, Kim WH, Lee KU, et al. (2010) Evaluation of the

seventh American Joint Committee on Cancer/International Union Against
Cancer Classification of gastric adenocarcinoma in comparison with the sixth

classification. Cancer 116: 5592–5598.
36. Deng J, Liang H, Sun D, Wang D, Pan Y (2010) 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.

37. Huang CM, Lin JX, Zheng CH, Li P, Xie JW, et al. (2010) Prognostic impact of

metastatic lymph node ratio on gastric cancer after curative distal gastrectomy.
World J Gastroenterol 16: 2055–2060.

A Novel Category of Nodal Metastasis

PLOS ONE | www.plosone.org 9 August 2012 | Volume 7 | Issue 8 | e43925


