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Abstract

Background To evaluate the prognostic value and staging

accuracy of the metastatic lymph node ratio (rN) staging

system for gastric cancer.

Methods A total of 1,075 patients with gastric cancer who

underwent curative surgery between 2000 and 2009 at our

institute were analyzed. Lymph node status was assigned

according to the American Joint Committee on Cancer

(AJCC) pN system and rN system. Patients with [15

(group 1, n = 691) and B15 lymph nodes (group 2, n =

384) retrieved were analyzed separately.

Results The rN staging system was generated using 0.2

and 0.5 as the cutoff values of lymph node ratio and then

compared with AJCC pN stages. A linear regression model

revealed that the number of retrieved lymph nodes was

related to the number of metastatic lymph nodes, but not

with rN. After a median follow-up of 47.66 months, the

5-year survival rates of N0, N1, N2, and N3 patients of

group 1 were significantly better than group 2, whereas the

differences were not obvious in the rN classification.

Conclusions The rN category is a better prognostic tool

than the AJCC pN category for gastric cancer patients after

curative surgery regardless of the number of lymph node

examined.
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Introduction

Gastric cancer is the fourth most common cancer in the

world. More than 70 % of new cases and deaths occur in

developing countries, and most cases occur in Eastern Asia

[1]. Nowadays, the TNM system has become the principal

method for assessing the prognosis of gastric cancer

patients. Lymph node metastasis is one of the most

important prognostic factors for gastric cancer, and accu-

rate categorization of lymph node metastasis is critical for

subsequent therapies after surgery. [2] In the 4th edition of

the AJCC pN classification system, pN is classified based

on the anatomic location of involved lymph nodes, whereas

in the 5th and 6th editions, pN is classified based on the

number of involved lymph nodes (LNs). Recently, AJCC

revised and published the 7th edition of the TNM classi-

fication for gastric cancer [3, 4] According to the 7th TNM

classification, the N stage was categorized to N0 (no

regional LNs metastasis), N1 (1–2 involved regional LNs),

N2 (3–6 involved regional LNs), N3a (7–15 involved

regional LNs), and N3b ([15 involved regional LNs). [4].

Up to now, the classification of N stage has still been

controversial. When utilizing the N staging system, [15

retrieved lymph nodes are required for optimal staging. In

fact, many population-based studies of gastric cancer have

found that surgeons and pathologists failed to accomplish

even basic lymph node staging [5–7]. Coburn et al.

reported that only 29 % of patients with gastric cancer had

16 lymph nodes examined after analyzing 10,807 cases of

resected gastric cancer in the Surveillance Epidemiology

and End Results database [8].

If the number of retrieved lymph nodes is insufficient,

stage migration will be observed in 10–15 % of cases

[9, 10]. The stage migration phenomenon, also called

Will Rogers phenomenon [11], is used to describe the
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phenomenon of understaging resulting from examining

insufficient lymph nodes. Many reporters believed that the

rN staging had significant superiority in minimizing stage

migration regardless of the type of lymphadenectomy or

the number of LNs retrieved.

The aim of our present study is to identify the best

classification of lymph node for improving the survival

prediction of gastric cancer patients following curative

resection in an Eastern high-volume gastric cancer center.

Patients and methods

A total of 1,337 patients underwent a potentially curative

operation for gastric cancer at the Department of General

Surgery, the Affiliated Hospital of Qingdao University

Medical College, from 2000 to 2009. The standard surgical

strategy includes D2 lymphadenectomy for advanced gas-

tric cancer and D1 ? beta or more lymphadenectomy for

early gastric cancer. Clinical and histopathological data

were classified according to the Japanese Classification of

Gastric Carcinoma (JCGC) [12].These dissected lymph

nodes were classified by surgeons based on the JCGC after

surgery. We excluded 21 patients for reasons of recurred or

remnant gastric cancer, 145 patients for residual tumor or

distant metastasis, 7 patients for synchronous malignancy,

10 patients for missing pathological data, and 4 patients

who died within 30 days after operation. Because intra-

mucosal malignancy is fundamentally devoid of metastasis,

the authors excluded 75 patients with intramucosal malig-

nancy for analysis. Following these exclusions, a total

of 1,075 patients were enrolled into this study. No patients

received neoadjuvant chemotherapy. The standard

protocols for adjuvant therapy after surgery are 5-FU plus

oxaliplatin-based chemotherapy regimens over 6 months.

The patients were reexamined every 3 months for

the first 2 years after operation, every 6 months for the

following 3 years, and once every year thereafter. The

reexamination included gastroscopy, abdominal computed

tomography, and detection of CEA, CA199, and CA724.

The patients were followed up by telephone, short mes-

sages, and outpatient visits, starting from the day they were

discharged. Deaths from postoperative complications,

recurrence, other disease, or accidents were regarded as

censored data.

The database included (1) age at surgery, (2) gender, (3)

tumor location, (4) tumor size, (5) histological grade, (6)

type of gastrectomy, (7) depth of primary tumor invasion,

(8) number of lymph nodes involved, and (9) metastatic

lymph node ratio.

According to the number of examined lymph nodes, all

reviewed patients were divided into two groups. Group 1

consisted of 691 patients with more than 15 lymph nodes

examined, and group 2 consisted of 384 patients with 15

nodes or fewer examined.

Statistical analysis

The survival curves and 95 % confidence intervals were

generated from observed survival times using the Kaplan–

Meier method. The significance of the difference in the

survival rate was determined by the log-rank test. Factors

that were deemed of potential importance on univariate

analyses (P \ 0.05) were included in the multivariate

analyses. Multivariate analysis of disease-free survival was

performed by means of the Cox proportional hazards

model, using the forward logistics regression (LR) stepwise

procedure for variable selection.

Spearman’s correlation coefficient with the two-tailed

test was used to assess the correlation between the number

of LNs retrieved and metastatic lymph node ratio. A linear

regression analysis was performed to evaluate the rela-

tionship between the number of lymph nodes retrieved and

the number involved.

The accepted level of significance was P \ 0.05. SPSS

statistical software (version 16.0) was used to generate

these analyses.

Results

Clinicopathological parameters of patients

Clinical and pathological data of group 1 and group 2 with

the 5-year survival rates are summarized in Tables 1 and 2,

respectively. The median follow-up after surgery was

47.66 months (range, 0.87–121.36 months) for all patients

(n = 1,075). In group 1, the median follow-up was

47.25 months (range, 0.87–120.31 months) for all patients

(n = 691). In group 2, the median follow-up was

48.80 months (range, 4–121.36 months) for all patients

(n = 384).

Metastatic lymph nodes ratio classification

Figure 1 shows the observed 5-year survival rates with

95 % confidence intervals in relationship to the metastatic

lymph node ratio at intervals of 5 %. We separated the

population into four subgroups with remarkably different

survival rates. The best-fit cutoff values of the rN were set

at rN0 (0.00), rN1 (0.01–0.20), rN2 (0.21–0.50), and rN3

(C0.50). Other cutoff points were also evaluated. However,

significant differences in survival rates and the optimal

distribution of patients across the four groups were

observed only when the aforementioned cutoff points were

used.
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It was calculated that 161 patients (23.3 %) was re-

staged in group 1 and 56 patients (14.6 %) was restaged in

group 2 according to the metastatic lymph nodes ratio

classification.

Univariate and multivariate survival analysis

In group 1, with the univariate analysis, nine factors were

found to have statistically significant associations with

Table 1 Univariate analysis by

the Kaplan–Meier method of

factors affecting overall survival

of 691 patients with [15 lymph

nodes (LN) retrieved

Characteristic No. of patients 5-year survival rate (5-YSR) (%) P value

Age at surgery (years)

\40 44 70 0.009

40–60 301 67

[60 346 57

Gender

Male 490 59 0.023

Female 201 70

Location

Upper third 76 56 0.000

Middle third 108 63

Lower third 465 65

Two-thirds or whole 42 38

Tumor size (cm)

\2.0 85 94 0.000

2.1–4.0 202 71

4.1–6.0 205 53

6.1–8.0 131 46

[8.0 68 33

Histological grade (G)

G1 well differentiated 11 86 0.000

G2 moderately differentiated 117 72

G3 poorly differentiated 528 58

G4 undifferentiated 35 68

Type of resection

Distal gastrectomy 482 72 0.000

Proximal gastrectomy 35 61

Total gastrectomy 128 43

Combined organ resection 46 33

Depth of invasion

Submucosa 35 96 0.000

Muscularis propria 124 90

Subserosa 215 58

Serosa 307 50

Invasion to adjacent organ 10 10

Number of LNs involved

0 234 85 0.000

1–2 114 68

3–6 146 58

7–15 158 31

[16 39 15

Metastatic lymph node ratio

0 234 85 0.000

0.00–0.20 183 65

0.21–0.60 194 43

[0.60 80 21
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overall survival of gastric cancer patients after curative

surgery (Table 1): age at surgery, gender, tumor location,

tumor size, histological type, type of gastrectomy, depth of

invasion, number of metastatic lymphatic nodes, and

metastatic lymph node ratio. In group 2, seven factors were

found to have significant associations with overall survival

of gastric cancer patients after curative surgery (Table 2):

tumor location, tumor size, histological type, type of

Table 2 Univariate analysis by

Kaplan–Meier method of

factors affecting overall survival

of 384 patients with B15 lymph

nodes retrieved

Characteristic No. of patients 5-YSR (%) P value

Age at surgery (years)

\40 23 61 0.133

40–60 145 61

[60 216 51

Gender

Male 284 53 0.488

Female 100 59

Location

Upper third 50 46 0.000

Middle third 62 44

Lower third 249 61

Two-thirds or whole 23 17

Tumor size (cm)

\2.0 70 88 0.000

2.1–4.0 117 63

4.1–6.0 100 41

6.1–8.0 63 46

[8.0 34 24

Histological grade (G)

G1 well differentiated 14 93 0.010

G2 moderated differentiated 82 64

G3 poorly differentiated 279 51

G4 undifferentiated 9 44

Type of resection

Distal gastrectomy 255 63 0.000

Proximal gastrectomy 33 54

Total gastrectomy 61 42

Combined organ resection 35 24

Depth of invasion

Submucosa 24 93 0.000

Muscularis propria 88 81

Subserosa 129 46

Serosa 138 42

Invasion to adjacent organ 5 0

Number of LNs involved

0 175 75 0.000

1–2 73 52

3–6 93 38

7–15 43 14

[16 0 0

Metastatic lymph node ratio

0 175 75 0.000

0.00–0.20 51 55

0.20–0.60 111 36

[0.60 47 23
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gastrectomy, depth of invasion, number of metastatic

lymphatic nodes, and metastatic lymph node ratio. Multi-

variate analysis was performed to determine the indepen-

dent prognostic factors among those that were found by

univariate analysis to be significantly associated with sur-

vival. When multivariate analysis was performed including

the pN and rN staging systems, the best prognostic deter-

minant was rN, and depth of invasion followed by the type

of gastrectomy both in group 1 and in group 2.

Correlation analysis between lymph nodes

retrieved and rN classification

Of 59 patients classified as T1 category, only 6 patients had

lymph node metastasis. Thus, we chose more advanced

T2/T3 and T4a patients for the analysis. For T2/T3 and

T4a patients (n = 1,001), Spearman correlation analysis

showed that the number of retrieved lymph nodes was

correlated well with the number of positive lymph nodes

(P \ 0.001), but there was no correlation with metastatic

lymph node ratio (P = 0.221 and 0.980, respectively).

With all the patients included, the linear regression analysis

showed that the number of metastatic lymph nodes

increased with the number of retrieved lymph nodes (slope

coefficient = -0.263, P \ 0.001) (Fig. 2a). However, the

pattern of the rN stage scatter graph according to the

number of retrieved lymph nodes uncovered the nonlinear

relationship between the number of retrieved lymph nodes

and rN. The distribution of rN classification was relatively

constant (slope coefficient = 0.069, P = 0.039) (Fig. 2b).

Nevertheless, R2 (goodness-of-fit) indicators of both

Fig. 2a and Fig. 2b were fairly low.

Prognosis analysis according to number-based

and ratio-based lymph node classification

Because the N0 classification is identical in the AJCC pN

and proposed rN stage system, we selected the lymph node-

positive patients for prognostic evaluation using the two

staging systems. In survival analysis of T2/T3 patients

according to the pN system, the survival rates of group 1

were significantly different from those of group 2 in sub-

group N1 (76.0 % vs. 59.0 %, P = 0.035), N2 (69 % vs.

43 %, P = 0.06), and N3 classification (29 % vs. 17 %,

P = 0.01). However, the rN system could discriminate

subsets of patients with similar prognosis. The differences

between group 1 and group 2 in rN1, rN2, and rN 3 classi-

fications were not significant (P = 0.182, 0.494, and 0.235,

respectively). The phenomenon could also be observed in

T4a patients, except for rN2 in T4a patients (P = 0.045)

(Table 3). The AJCC published the 7th edition TNM clas-

sification for gastric cancer last year, but there has still been

controversy about the cutoff value of the pN staging [13,

14]. Thus, we included both the 6th and 7th edition pN

classifications for the analysis. Figure 3 shows the observed

5-year survival rates with 95 % confidence intervals for

patients in AJCC pN categories in comparison with those of

the rN classification; overlapping was observed in the pN

categories (both 6th and 7th editions). In contrast, no over-

lapping could be observed in the rN category.

Fig. 1 Observed 5-year

survival rates depending on the

metastatic lymph node ratio.

Error bar shows 95 %

confidence intervals
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Discussion

Accurate staging of gastric cancer is of great importance in

clinical practice, especially when adjuvant treatment is

considered. With an insufficient number of lymph nodes

retrieved, the prognosis of the patient will be underesti-

mated because of inappropriate staging in the AJCC N

staging system. It was estimated that 23.3 % and 14.6 %

would be restaged in group 1 and group 2, respectively.

In the present study, we investigated the prognostic

value of the rN staging system in the patients who under-

went curative resection for gastric cancer. The Cox mul-

tivariate analysis showed that rN has a prognostic value

independent of the extent of lymphadenectomy. Many

Fig. 2 a Linear regression

plotted for the number of

analyzed and metastatic nodes

in all patients (R = -0.263;

P B 0.001). b Linear regression

plotted for the number of

analyzed and metastatic LN

ratio in all patients (R = 0.049;

P = 0.131)
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previous reports used Cox multivariate examinations,

including both pN stage and rN stage, for proving the

superiority of the LN ratio system [9, 15–20]. The pN and

rN systems, two definitions of classifications for staging

lymph node status, were highly correlated. When there are

two highly correlated variables in the same model, there is

a strong probability that one would be excluded from

stepwise analysis because of multicollinearity, not superi-

ority [21].

According to linear regression analysis of all the

patients, the number of metastatic lymph nodes increased

with the number of lymph nodes removed (slope =

-0.263, P \ 0.001) (Fig. 2a). Thus, some patients classi-

fied as N0 stage would have turned out to be lymph node

positive and N1 stage would have turned out to be N2 or

even N3 if more lymph nodes had been examined. This

finding indicated that a minimum number of lymph nodes

should be retrieved to ensure appropriate staging according

Table 3 Overall survival rates

based on pN and rN

classification according to the

number of lymph nodes

removed ([15 vs. B15)

5-YSR 5-year survival rates

N stage T2/T3 T4a

Number 5-YSR (%) P Number 5-YSR (%) P

pN0 [15 (103) 93 0.002 [15 (49) 78 0.065

B15 (106) 78 B15 (41) 63

pN1 [15 (43) 79 0.035 [15 (45) 59 0.006

B15 (31) 44B15 (40) 56

pN2 [15 (42) 69 0.06 [15 (55) 58 0.008

B15 (53) 43 B15 (38) 29

pN3 [15 (60) 29 0.01 [15 (105) 21 0.008

B15 (18) 17 B15 (25) 11

rN0 [15 (161) 93 0.002 [15 (49) 78 0.065

B15 (106) 78 B15 (41) 63

rN1 [15 (69) 74 0.182 [15 (81) 59 0.767

B15 (25) 60 B15 (25) 50

rN2 [15 (50) 53 0.494 [15 (90) 44 0.045

B15 (61) 44 B15 (47) 29

rN3 [15 (24) 31 0.235 [15 (34) 23 0.256

B15 (25) 25 B15 (22) 11

Fig. 3 Comparisons of

observed 5-year survival rates

between traditional AJCC pN

classification and proposed rN

classification. Error bars show

95 % confidence intervals
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to pN classification. If not, downstaging might occur as a

result of positive node residuals.

In survival analysis, when the number of patients with 15

nodes or fewer retrieved was compared with that of patients

with more than 15 nodes, the differences of survival rates

were significant in the AJCC pN system, but not in the rN

staging system. This finding indicated if an insufficient

number of lymph nodes was examined, the prognostic

power of the AJCC pN system would be greatly affected.

More than 15 nodes are required for the adoption of the

current numeric AJCC N staging system in previous reports.

However, a retrospective survival analysis of prospectively

collected data of 8,949 patients who underwent R0 resec-

tion of gastric cancer in Seoul indicated that the minimum

of 16 LNs required cannot be enough for accurate staging

because the proportion of advanced N stage cases sub-

stantially increases as the number of retrieved LNs increa-

ses [10]. It may be that the standardization of surgery and

the effort to find all the possible LNs are necessary for

accurate pN staging.

To evaluate the rN staging system, some previous

reports excluded patients with fewer than 16 LNs retrieved

[16, 20, 22]; some researchers preferred the patients treated

by limited lymphadenectomy, [9, 10, 18, 23]; and some

centers evaluated the rN system as an independent prog-

nostic factor in gastric cancer regardless of the type of

lymphadenectomy, or in both[15 and B15 LNs examined

[17, 19, 24, 25], as we did in our report. All the reports

indicated that the rN staging system has superiority in

prognosis assessment compared with the traditional AJCC

pN system.

However, there is much controversy regarding the most

appropriate cutoff ratio because the ratios differ among

investigators. The following cutoff values have been pro-

posed: 0, 0.20, 0.50 [10, 24], 0, 0.30, 0.60 [15, 25], 0, 0.10,

0.25 [9, 16, 20], 0, 0.30, 0.70 [17], 0, 0.015, 0.40 [23], 0,

0.10, 0.25 [19], 0, 0.25, 0.50 [18], and 0, 0.10, 0.40 [22].

The cutoff values showed great variety in different coun-

tries, even in different centers in the same country. These

discrepancies can be explained by small patient popula-

tions, variety in the percentage of early to advanced stage,

differences in the selection of patients, and also differences

in the histopathological methods of lymph node examina-

tion. Thus, the effort to find the optimal cutoff value is

necessary to popularize the global usage of the rN system.

The current study is based on the data of a retrospective

study with standardized surgical resection, standardized

histopathological evaluation of the specimens, and strict

eligibility criteria. It was discovered that the metastatic

lymph node ratio remained constant whether the number of

lymph nodes retrieved did or did not meet the criteria

required. The best cutoffs for the rN staging system would

be 0.2 and 0.5. The prognosis in patients classified by

number of LNs involved was lack of homogeneity. The

cumulative survival rates were highly homogeneous in

patients classified by the metastatic lymph node ratio.

In the present study, there are certain limitations. First,

the defined rN3 subclassification had only 11.4 % of

patients in this study. In addition, R-square indicators of

Fig. 2a, b were fairly low. Thus, the conclusions still need

further study with an analysis of a large group of patients.

Second, the authors proposed the rN staging classification.

Unfortunately, we did not validate our proposed classifi-

cation system with another dataset. Third, for reasons of

cost, micrometastasis was not routinely investigated in the

present study.

In the presence of divergence between Eastern and

Western gastric cancer centers, the proposed rN classifi-

cation is superior to the AJCC pN classification in mini-

mizing stage migration. Thus, the application of ratio

classification in the prognostic assessment in gastric cancer

patients is strongly recommended for global usage.
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