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ABSTRACT

Purpose. This study examined the prognosis of the ‘‘node-

negative with eLNs B 15’’ designation and the additional

value of incorporating it into the pN1 designation in the

seventh edition of the N classification.

Methods. From January 2000 to September 2010, a total

of 1258 gastric cancer patients (patients with eLNs[ 15 or

node-negative with eLNs B 15) undergoing radical gastric

resection were enrolled in this study. We incorporated

node-negative patients with eLNs B 15 into pN1 and

compared this designation with the current 7th edition

UICC N stage for 3, 5-year overall survival by univariate

and multivariate analysis. Homogeneity, discriminatory

ability, and monotonicity of gradients in the hypothetical N

stage and the UICC N stage were compared using linear

trend v2, likelihood ratio v2 statistics, and Akaike infor-

mation criterion (AIC) calculations.

Results. Node-negative patients with eLNs B 15 had

worse survival compared with those with eLNs[ 15. In

univariate and multivariate analyses, the hypothetical N

stage showed superiority to the 7th edition pN staging. The

hypothetical staging system had higher linear trend and

likelihood ratio v2 scores and smaller AIC values compared

with those for the TNM system, which represented the

optimum prognostic stratification.

Conclusions. Node-negative patients with eLNs B 15 can

be considered to be incorporated into the pN1 stage in the

7th edition of the TNM classification.

Gastric cancer is the fourth most common malignant

tumor worldwide, with about one million new cases of

stomach cancer estimated to have occurred. It is also the

second leading cause of cancer-related death in both men

and women.1 It has been widely demonstrated that the

status of lymph node metastasis is one of the most im-

portant prognostic factors for gastric cancer. The 7th

edition of AJCC/UICC TNM classification designates pN0

when all examined lymph nodes (eLNs) are negative, re-

gardless of the total number of eLNs. Several studies have

found that the number of eLNs was associated with the

prognosis of node-negative gastric cancer and have rec-

ommended a proper number of eLNs for node-negative

gastric patients.2–4 However, few studies have investigated

how to accurately classify node-negative with insufficient

numbers of eLNs in gastric cancer patients. The purpose of

the present study was to determine the association between
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the number of eLNs and the prognosis of node-negative

gastric cancer patients and to establish an optimal classi-

fication in the TNM staging system.

METHODS

Patients

Continuous clinical-pathological data from 2085 cases

of gastric cancer patients who underwent surgical resection

from January 2000 to September 2010 at Sun Yat-sen

University Cancer Center were analyzed retrospectively.

The screening eligibility criteria included a postoperative

survival time of C3 months. Patients who were undergoing

neoadjuvant chemotherapy or chemoradiotherapy were

excluded from the study. Because patients with palliative

surgery had low LN counts as the goal was not a curative

surgery but more to relieve symptoms, patients who were

undergoing palliative surgery also were excluded from the

study. Among the potential participants, 56 were lost to

follow-up, 257 were undergoing palliative surgery, and 122

were undergoing neoadjuvant chemotherapy or chemora-

diotherapy. Thus, the screening patients eligible for this

study were 1650. Because AJCC/UICC TNM staging

system recommend eLNs[ 15 for accurate staging except

for pN0 designation, node-positive with eLNs B 15 also

were excluded from the study. A total of 169 patients had

1–2 metastatic lymph nodes (MLNs) with eLNs B 15, 173

patients had 3–6 MLNs with eLNs B 15, and 71 patients

had 7–15 MLNs with eLNs B 15. Thus, 1258 patients were

eligible for this study. Curative gastrectomy and lym-

phadenectomy (D2) were performed by experienced

surgeons following the JGCA guidelines.5

All nodal material was separately dissected from the

specimen at the end of the procedure by the surgeon. Each

lymph node was submitted in a separate container labeled

according to the site of origin and then analyzed by the

pathologist. For all LNs, one to two sections were routinely

examined histopathologically. Sometimes serial sections

were cut from node area with the purpose of achieving

definitive diagnosis and staging.2

Lymph node metastasis was classified according to the 7th

edition UICC N stage (N0: no metastasis; N1: 1–2 MLNs;

N2: 3–6 MLNs; N3a: 7–15 MLNs; N3b: C 16 MLNs).6 We

chose 15 eLNs as the best cutoff point for node-negative

patients based on previous literature, clinical experience, and

convenience in clinical application.4 We incorporated node-

negative patients with eLNs B 15 into pN1. Therefore, the

hypothetical N classification was as follows: hypothetical

N0: no metastasis with eLNs[ 15; hypothetical N1: 1–2

MLNs or no metastasis with eLNs B 15; N2–N3b were the

same as 7th edition UICC N stage.

Postoperative follow-up included clinical and laboratory

examinations every 3 months for the first 2 years at our

outpatient department, every 6 months from the third to the

fifth years, and annually thereafter until at least 5 years

after the operation or until the patient died, whichever

came first. Overall survival (OS) was defined as the time

from operation to death or last follow-up. Disease-specific

survival (DSS) was defined as the time from operation to

death caused by disease progression or treatment-related

complications. OS and DSS were used as measures of

prognosis. The median follow-up for the entire cohort was

61.00 (range 3–156) months. The follow-up was closed in

December 2014.

Statistical Analysis

The 3, 5-year survival rate was calculated using the

Kaplan–Meier method. Statistical comparisons of different

factors were made with the log-rank test. In multivariate

analysis, forward stepwise regression analysis was per-

formed with a Cox proportional hazards model.

P value\ 0.05 was considered statistically significant. All

statistical analyses were performed using SPSS software

version 18.0 (SPSS Inc., Chicago, IL).

To compare the homogeneity of the hypothetical N

classification with that of the 7th edition UICC N system,

the likelihood ratio v2 test related to the Cox regression

model was used. The discriminatory ability and

monotonicity of gradient assessments were measured

with the linear trend v2 test. The Akaike information cri-

terion (AIC) value within a Cox proportional hazard

regression model was also calculated for each system to

measure its discriminatory ability. The AIC statistic was

defined by AIC ¼ �2 log maximum likelihood þ 2�
the number of parameters in the model. A smaller AIC

value indicates a more desirable model for predicting

outcome.7–12

RESULTS

The mean ± SD number of pathologically confirmed

eLNs for the enrolled 1258 patients was 24.1 ± 12.1

(range 3–79). The 3, 5-year survival rate (3-year OS, 5-year

OS) of all enrolled patients was 74.0, 70.6 % separately,

and 888 patients were alive when the follow-up was

completed. The median OS of all patients after surgery was

37.0 months.

As shown in Fig. 1, the survival of patients with [15

eLNs was significantly higher than those with B15 eLNs

(3-year OS, 94.6 vs. 84.0 %, P\ 0.001; 3-year DSS, 94.6

vs. 84.4 %, P\ 0.001; 5-year OS, 93.4 vs. 78.6 %,

P\ 0.001; 5-year DSS, 93.7 vs. 79.4 %, P\ 0.001).
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The survival curve according to the 7th edition of AJCC/

UICC N stage is shown in Fig. 2. The 5-year OS and 5-year

DSS of node-negative patients with eLNs B 15 were 78.6

and 79.4 %, and those of N1 with eLNs[ 15 were 79.9

and 80.6 % as previously mentioned. We found that both

the 5-year OS and 5-year DSS of node-negative patients

with eLNs B 15 were very similar to N1 with eLNs[ 15.

We also found that 3-year OS and 3-year DSS of node-

negative patients with eLNs B 15 were very similar to N1

with eLNs[ 15 (node-negative with eLNs B 15, 3-year

OS 84.0 %, 3-year DSS 84.4 %; N1 with eLNs[ 15, 3-

year OS 82.0 %, 3-year DSS 82.7 %). Thus, hypothetical

N1 (n = 396) was obtained from the sum of N1 with

eLNs[ 15 (n = 139) and node-negative patients with

eLNs B 15 (n = 257). The hypothetical N0 (n = 317) was

only designated for node-negative patients with

eLNs[ 15.

The following 11 factors were found to have statistically

significant associations with the 3-year OS, 3-year DSS,

5-year OS, and 5-year DSS upon univariate analysis: age,

tumor location, tumor size, histological grade, type of

gastrectomy, lymphatic vascular invasion, UICC T stage,

UICC N stage, hypothetical N stage, TNM staging, and

hypothetical TNM staging (Table 1; Supplementary

Tables 1–3). All of the aforementioned variables were in-

cluded in a multivariate Cox proportional hazards model to

adjust for the effects of covariates. In our study, the UICC

N stage and hypothetical N stage were highly correlated.

Therefore, two separate multivariate models, one with

UICC N and the other with hypothetical N stage, were run

to avoid problems with the presence of multicollinearity. In

that model, we demonstrated that age, histological grade,

type of gastrectomy, lymphatic vascular invasion, UICC T

stage, UICC N stage, and hypothetical N stage remained

independent prognostic factors for 5-year OS, 3-year OS

(Table 2; Supplementary Tables 4–6).

In multivariate analysis, 95 % confidence interval (CI)

of hypothetical N stage did not cover zero in each group,

whereas the 95 % CI of ‘‘UICC N1 versus UICC NO’’

covered zero with P[ 0.05 for 5-year OS (95 % CI 0.952–

2.301; Supplementary Table 6). Thus, classification using

the hypothetical N stage provided well-discrimination risk

groups, whereas classification using UICC N provided

poorly separated risk groups.

A comparison of the performance of the AJCC/UICC N

stage and the hypothetical N stage, as assessed by the linear

trend v2, likelihood ratio v2, and the AIC tests is described

in Table 3. Compared with the AJCC/UICC N stage, the

hypothetical N stage had better homogeneity (higher like-

lihood ratio v2 score, 304.860 vs. 299.295), discriminatory

ability, and monotonicity of gradients (higher linear trend

v2 score, 314.418 vs. 295.911). Furthermore, in our study,

the hypothetical N stage had a smaller AIC value

(4243.832 vs. 4260.239), representing the optimum prog-

nostic stratification.

DISCUSSION

The 7th edition AJCC/UICC TNM staging system des-

ignates pN0 as any gastric cancer with all eLNs negative,

regardless of the total number of eLNs. However, several

studies have reported that an insufficient number of eLNs is

associated with poor prognosis for node-negative gastric

cancer patients.2–4 Thus, several researchers have
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FIG. 1 OS and DSS curves for UICC N0/N1 gastric cancer patients

who underwent radical surgical resection. a Log-rank test for overall

survival: UICC N0 with eLNs[ 15 versus UICC N0 with

eLNs B 15, P\ 0.001; UICC N0 with eLNs[ 15 versus UICC N1

with eLNs[ 15, P\ 0.001; UICC N0 with eLNs B 15 versus UICC

N1 with eLNs[ 15, P = 0.969. b Log-rank test for disease-specific

survival: UICC N0 with eLNs[ 15 versus UICC N0 with

eLNs B 15, P\ 0.001; UICC N0 with eLNs[ 15 versus UICC N1

with eLNs[ 15, P\ 0.001; UICC N0 with eLNs B 15 versus UICC

N1 with eLNs[ 15, P = 0.973; eLNs: Examined lymph nodes
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recommended different numbers of eLNs. Jiao XG et al.

reported that dissection of [15 eLNs is recommended

during lymphadenectomy to improve the long-term sur-

vival.4 Xu et al. also suggested that patients with lymph

node-negative gastric cancer who underwent D2 dissection

should have at least 16 LNs examined, especially in ad-

vanced gastric cancer.2 Baiocchi et al. suggested retrieval

of more than 25 nodes can stratify node-negative gastric

cancer patients accurately.3 However, few studies have

shown how to classify node-negative gastric cancer pa-

tients with less than the recommended numbers of eLNs.

The purpose of the present study was to determine the

association between the number of eLNs and the prognosis

of node-negative gastric cancer patients, and more impor-

tantly, this study incorporated node-negative gastric cancer

patients with less than the recommended number of eLNs

into an optimal classification in the TNM staging system.

In summary, we can conclude that (1) in N stage, the 3,

5-year survival rate of node-negative gastric patients with

eLNs B 15 was worse than those with eLNs[ 15 and was

similar to N1 with eLNs[ 15; (2) we validated our results

utilizing the linear trend v2, likelihood ratio v2, and the AIC

tests to confirm the homogeneity, discriminatory ability,

and monotonicity of gradients in our novel classification.

Compared with the 7th edition N stage, the hypothetical N

stage performed better for homogeneity, discriminatory

ability, and monotonicity of gradients.

The hypothetical TNM staging mainly performs two ad-

vantages: (1) It can predict the prognosis of patients with

gastric cancer more accurately; (2) It can select some patients
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FIG. 2 Comparison of survival curves between hypothetical staging

system and 7th edition AJCC/UICC staging system. a Log-rank test

for 7th edition AJCC/UICC N stage: N0 versus N1, P = 0.027; N1

versus N2, P = 0.006; N2 versus N3a, P\ 0.001; N3a versus N3b,

P\ 0.001. b Log-rank test for hypothetical N stage: hypothetical N0

versus hypothetical N1, P\ 0.001; hypothetical N1 versus N2,

P\ 0.001; N2 versus N3a, P\ 0.001; N3a versus N3b, P\ 0.001. c
Log-rank test for 7th edition AJCC/UICC TNM stage: IA versus IB,

P = 0.021; IB versus IIA, P = 0.004; IIA versus IIB, P = 0.449; IIB

versus IIIA, P = 0.068; IIIA versus IIIB, P = 0.002; IIIB versus

IIIC, P = 0.001. d Log-rank test for hypothetical TNM stage: IA

versus hypothetical IB, P = 0.975; hypothetical IB versus hypo-

thetical IIA, P\ 0.001; hypothetical IIA versus hypothetical IIB,

P = 0.469; hypothetical IIB versus hypothetical IIIA, P = 0.012;

hypothetical IIIA versus hypothetical IIIB, P\ 0.001; hypothetical

IIIB versus hypothetical IIIC, P\ 0.001
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TABLE 1 Unadjusted analysis for 5-year OS rates

Variables N (%) 5-year OS

% HR 95 % CI P

Gender 0.833

Male 868 (69.0) 71.0 Ref

Female 390 (31.0) 69.7 1.024 0.823–1.274

Age (yr) 0.001

B40 146 (11.6) 83.6 Ref

41–60 611 (48.6) 71.4 1.799 1.174–2.757

[61 501 (39.8) 65.9 2.234 1.457–3.425

Tumor location \0.001

Proximal 567 (45.1) 64.4 Ref

Distal 647 (51.4) 77.9 0.585 0.472–0.725

Whole 44 (3.5) 43.2 2.202 1.451–3.341

Tumor size (cm) \0.001

B5.0 863 (68.6) 76.8 Ref

[5.0 395 (31.4) 57.0 2.107 1.717–2.586

Histological grade \0.001

Well-/moderately differentiated adenocarcinoma 271 (21.5) 84.9 Ref

Poorly differentiated adenocarcinoma 721 (57.3) 66.3 2.617 1.879–3.644

Undifferentiated adenocarcinoma/signet ring cell

carcinoma/mucinous adenocarcinoma

266 (21.1) 67.7 2.539 1.750–3.683

Type of gastrectomy \0.001

Proximal subtotal 419 (33.3) 65.9 Ref

Distal subtotal 674 (53.6) 78.2 0.591 0.469–0.744

Total 165 (13.1) 51.5 1.764 1.341–2.321

Lymphatic vascular invasion \0.001

No 1172 (93.2) 72.9 Ref

Yes 86 (6.8) 39.5 3.209 2.391–4.308

Adjuvant chemotherapy 0.176

No 717 (57.0) 73.2 Ref

Yes 541 (43.0) 67.1 1.073 0.969–1.188

UICC T (7th edition) \0.001

T1 172 (13.7) 97.1 Ref

T2 161 (12.8) 83.9 5.708 2.192–14.865

T3 114 (9.1) 66.7 12.027 4.734–30.558

T4a 753 (59.9) 64.1 15.863 6.548–38.429

T4b 58 (4.6) 46.6 27.970 10.871–71.961

UICC N (7th edition) \0.001

N0 574 (45.6) 86.8 Ref

N1 139 (11.0) 79.9 1.599 1.037–2.466

N2 172 (13.7) 66.3 2.995 2.128–4.217

N3a 232 (18.4) 51.7 5.352 3.992–7.174

N3b 141 (11.2) 31.9 9.305 6.865–12.612

Hypothetical N stage \0.001

N0 317 (25.2) 93.4 Ref

N1 396 (31.5) 79.0 3.188 1.975–5.146

N2 172 (13.7) 66.3 5.954 3.614–9.809

N3a 232 (18.4) 51.7 10.624 6.661–16.947

N3b 141 (11.2) 31.9 18.472 11.499–29.672
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TABLE 2 Multivariate survival analysis of clinic-pathologic variables in 1258 cases of gastric cancer patients without considering 7th edition

AJCC/UICC N stage

Variables 5-year OS

HR 95 % CI P

Age (year) 0.001

B40 Ref

41–60 1.553 1.004–2.403

[61 2.113 1.359–3.285

Histological grade 0.001

Well-/moderately differentiated adenocarcinoma Ref

Poorly differentiated adenocarcinoma 1.930 1.363–2.731

Undifferentiated Adenocarcinoma/signet ring cell

carcinoma/mucinous Adenocarcinoma

1.963 1.326–2.906

Lymphatic vascular invasion 0.003

No Ref

Yes 1.593 1.169–2.171

Type of gastrectomy \0.001

Proximal subtotal Ref

Distal subtotal 0.571 0.448–0.729

Total 0.958 0.711–1.291

UICC T (7th edition) \0.001

T1 Ref

T2 3.371 1.285–8.841

T3 4.838 1.875–12.486

T4a 4.650 1.876–11.526

T4b 7.881 2.996–20.727

Hypothetical N stage \0.001

N0 Ref

N1 2.563 1.582–4.151

N2 4.024 2.423–6.681

N3a 6.768 4.187–10.941

N3b 10.950 6.661–18.002

OS overall survival, HR hazard ratio, CI confidence interval, Ref reference, UICC International Union Against Cancer, T tumor, N node, M

metastasis

TABLE 1 continued

Variables N (%) 5-year OS

% HR 95 % CI P

TNM staging (7th edition) \0.001

Stage I 264 (21.0) 94.7 Ref

Stage II 384 (30.5) 82.3 3.655 2.056–6.498

Stage III 610 (48.5) 52.8 12.994 7.595–22.232

Hypothetical TNM staging \0.001

Stage I 220 (17.5) 98.2 Ref

Stage II 308 (24.5) 83.1 9.925 3.590–27.441

Stage III 730 (58.0) 57.0 32.464 12.106–87.056

OS overall survival, HR hazard ratio, CI confidence interval, Ref reference, UICC International Union Against Cancer, T tumor, N node, M

metastasis
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who need postoperative adjuvant chemotherapy according to

the eligibility criteria of CLASSIC trial and ACTS GC trial.

In this study, a total of 48 patients (3.2 %) with stage IB

changed to IIA stage. According to the results of CLASSIC

trial and ACTS GC trial, postoperative adjuvant che-

motherapy is recommended for these patients.13,14

There are several possible factors affecting the number

of exLN: innate number of LNs for each patient, extent of

the surgery, retrieval technique, enthusiasm to find more

LNs, fat volume of the specimens, nodal status, and so on.

The reasons for poor prognosis of node-negative patients

with B15 eLNs may be as follows: 1) metastatic lymph

nodes may be missed during retrieval or pathological ex-

amination in node-negative patients with B15 eLNs; 2)

inadequate dissection of lymph nodes could lead to poor

prognosis of node-negative gastric cancer patients because

lymph node metastasis, micrometastasis, or lymphovascu-

lar invasion may exist.

We acknowledge several limitations in this study. Our

sample population is from a single institution experience, is

relatively small compared with the worldwide gastric

cancer collaboration database, and is based on a retro-

spective study. On the other hand, the strengths of this

study are that the surgical procedures, pathologic ex-

aminations, and patient follow-up were uniform throughout

the entire study period. Our present study demonstrated

that the prognosis of node-negative patients with B15 eLNs

was worse than those with[15 eLNs, and for the first time,

investigated the incorporation of node-negative patients

with B15 eLNs into the N1 stage in postoperative samples

of gastric cancer. We suggested that the designation of pN0

should be used if all lymph nodes are negative when total

number examined more than 15 (not include 15). pN1

should be designed if there is metastasis in one to two

regional lymph nodes or negative in all lymph nodes when

total number examined less than 15.
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