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Impact of the number of examined lymph nodes on stage 
migration in node-negative gastric cancer patients: a Chinese 
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Background: This propensity score matching (PSM) analysis assessed the influence of examined lymph 
nodes (ELNs) count on stage migration and survival in node-negative (pN0) gastric cancer (GC) patients.
Methods: We performed a retrospective analysis of 7,620 GC patients who underwent curative gastric 
resection in three Chinese medical centers. PSM was used to reduce the confounding effects between the 
pN0 GC patients with ELNs <16 or ≥16. Survival differences among various subgroups of GC patients 
were analyzed to assess the impact of the ELNs count on the stage migration in accordance with the overall 
survival (OS) of pN0 GC patients.
Results: After matching, the backgrounds of pN0 GC patients in the ELNs <16 (n=825) and ELNs ≥16 
(n=826) groups were well-balanced. Survival analyses revealed that the ELNs count was positively correlated 
with the OS (P=0.001). Multiple Cox analysis indicated that the ELNs count was an independent predictor 
of the OS in pN0 GC patients. Stage migrations were mainly detected in subgroups of pN0 GC patients 
with specific pTNM stages, as follows: (I) pT2N0M0 with ELNs <16 vs. pT3N0M0 with ELNs ≥16; 
(II) pT3N0M0 with ELNs <16 vs. pT3N1M0 with ELNs ≥16; and (III) pT4aN0M0 with ELNs <16 vs. 
pT4aN1M0 with ELNs ≥16.
Conclusions: We show that stage migration can be detected in pN0 GC patients, and that it could be 
gradually reduced or prevented by increasing the ELNs count.
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Introduction

Lymph node metastasis is one of the most important 
prognostic factors in gastric cancer (GC) patients following 
curative resection (1,2). Since 1997, the Union for 
International Cancer Control (UICC) and American Joint 
Commission for Cancer (AJCC) have adopted categories 
based on the number of metastatic lymph nodes as the 
basis for the N stage of the tumor, node, metastasis (TNM) 
classification, in which the latest edition recommends 
the examination of no less than 16 regional lymph nodes 
for nodal metastatic status determination (3). Increasing 
the number of lymph nodes examined has been shown to 
increase the likelihood of detecting nodal metastases (4). An 
insufficient number of examined lymph nodes (ELNs) for 
diagnosis may result in underestimation of the nodal stage, 
a condition defined as stage migration (5). 

Stage migration of lymph node metastasis is generally 
considered to significantly impact the patients’ pathologic 
stage, prognostic evaluation, and strategy formulation 
for adjuvant therapy after surgery. Recent studies have 
indicated that stage migration could be gradually reduced 
or prevented with extension of the lymphadenectomy (the 
Will Rogers phenomenon) (5). Currently, as most Chinese 
medical centers can fulfill curative GC resection with D2 
lymphadenectomy, there is theoretically little probability 
of stage migration. However, the scarcity of ELNs is a 
significant factor resulting in this phenomenon.

The eighth edition of the TNM classification designates 
node-negative (pN0) disease as any GC in which all ELNs 
are negative, regardless of the total number of ELNs (3). 
Several studies found that the number of ELNs was associated 
with the prognosis of pN0 GC patients and recommended a 
proper number of ELNs for pN0 GC patients (6-8). However, 
no studies have confirmed whether stage migration could 
be detected in pN0 GC patients and its possible effect on 
therapeutic strategies and long-term prognosis. 

This multi-center collaborative analysis investigated the 
influence of ELNs count on stage migration and survival in 
pN0 GC patients after curative gastrectomy. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/atm-19-4727).

Methods

Patient selection

Between  January  2001  and  December  2011 ,  we 
retrospectively reviewed 7,620 GC patients undergoing 

surgical resection in three Chinese medical centers: 2,864 
GC patients in the Department of Gastric Cancer in the 
Tianjin Medical University Cancer Hospital (TJMUCH), 
3,043 GC patients in the Department of Surgical Oncology 
in The First Affiliated Hospital of China Medical 
University (CMUFAH) and 2,977 GC patients in the 
Department of Gastric and Pancreatic Surgery in the Sun 
Yat-sen University Cancer Center (SYSUCC), respectively. 
After approval from the institutional review boards of the 
TJMUCH, the CMUFAH and the SYSUCC, data from 
the cancer registries of three hospitals was obtained. The 
study was conducted in accordance with the Declaration 
of Helsinki. The study was approved by institutional ethics 
board of Tianjin tumor hospital (No.: bc2018037) and 
informed consent was taken from all the patients.

The inclusion criteria for this study included: (I) patients 
with histologically proven primary adenocarcinoma of the 
stomach; (II) patients underwent curative GC resection 
with a lymphadenectomy; (III) patients with pathologically 
negative resection margins (R0 resection). The exclusion 
criteria were: (I) patients with history of gastrectomy or 
other malignancy; (II) patients with non-curative surgical 
factors including distant metastasis, positive peritoneal 
cytology, or peritoneal dissemination; (III) patients with 
Siewert-I or II esophagogastric junction (EGJ) tumor; 
(IV) patients who died during the initial hospital stay or 
within 1 month after surgery; and (V) patients who received 
neoadjuvant chemotherapy or radiotherapy before surgery. 
Based on these inclusion and exclusion criteria, we found 
that 71 patients had the history of gastrectomy, 46 patients 
had suffered from other malignant diseases, 117 patients 
presented with distant metastasis in the operation, 106 
patients presented with the peritoneal dissemination, 503 
patients were diagnosed as the Siewert-I EGJ tumor after 
surgery, 105 patients were identified as the R1 resection 
cases, 38 patients were identified as the R2 resection cases, 
74 patients died during the first postoperative month, 
and 204 patients were administered with neoadjuvant 
treatments. Ultimately, 7,620 GC patients were included in 
the study (Figure 1).

Patients management

Patients  underwent gastrectomy with systematic 
lymphadenectomy (D1+ for clinical T1N0 patients and D2 
or D2+ for the others) according to the Japanese Gastric 
Cancer Treatment Guidelines (9). The reconstruction 
method was selected at the surgeon’s discretion. Each medical 
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center has a surgical expert who can perform the standard 
gastrectomy in accordance with Japanese Gastric Cancer 
Treatment Guidelines. After undergoing curative surgery, all  
7,620 patients were followed up every 3 or 6 months for  
2 years, then every 6 months for next 3 years, and annually 
thereafter until death. The median follow-up time for 
the entire cohort was 87 (range, 2−186) months. Follow-
up of all patients included in this study was completed in  
October 2015.

Stage migration

Stage migrations were mainly defined as: (I) no statistical 
significance of the survival differences to be detected in 
several subgroups of patients with different ELNs groups 
in the specific pTNM stages, or (II) the significant survival 
differences to be detected in several subgroups of patients 
with the same ELNs groups in the different pTNM stages.

Propensity score matching (PSM)

PSM analysis was performed. Patients with ELNs <16 

were matched to patients with ELN ≥16 based on similar 
estimated propensity scores to balance the covariates in 
the two groups and reduce selection bias (10). Propensity 
scores were estimated using a logistic regression model 
that calculated the probability of an assignment of ELNs 
<16 or ≥16 based on observed baseline characteristics (11). 
The variables included in the model were gender, age 
group (<60 or ≥60), tumor location (upper-, middle-, or 
lower-third of the stomach or more than two-thirds of the 
stomach), tumor size (≤4 or >4 cm), Lauren classification 
(intestinal type or diffuse type), pTNM stage, pT stage, and 
gastrectomy type (total or subtotal).

We used the nearest-neighbor 1:1 propensity matching 
without replacement method. Calculating the propensity 
score requires the inclusion of covariates that predict 
potential outcomes under each treatment arm, as well as 
covariates that predict treatment assignment, which are 
usually related (12,13).

Statistical analysis

All statistical analyses were performed using IBM SPSS 

5,328 GC patients with ELNs ≥16

1,843 GC patients with ELNs ≥16

826 pN0 GC patients with ELNs ≥16

2,292 GC patients with ELNs <16

1,843 GC patients with ELNs <16

825 pN0 GC patients with ELNs <16

Histological adenocarcinoma of stomach 
(n=8,884)

Study cohort
(n=7,620)

History of gastrectomy (n=71)
Suffered from other malignant diseases (n=46)
Distant metastases and peritoneal dissemination (n=223)
Siewert-I EGJ tumor (n=503)
R1 and R2 resection cases (n=143)
Died during the first postoperative month (n=74)
Administered with neoadjuvant treatments (n=204)

Propensity score matching was applied 
to reduce selection bias

Figure 1 Patients flow diagram.
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Statistics (Version 24.0; IBM Corp, New York, USA). χ2 and 
t-tests were used for categorical and continuous variables, 
respectively. The probabilities of overall survival (OS) were 
calculated by the Kaplan-Meier method and the differences 
in OS probabilities between groups were examined by log-
rank tests. Stage-stratified survival analyses were conducted 
according to the 8th Edition of the AJCC pathological 
TNM system. Multivariate Cox proportional hazards 
regression was used to evaluate the independent prognostic 
risk factors of OS and to calculate hazard ratios (HRs) with 
95% confidence intervals (CIs). In all analyses, two-tailed 
P<0.05 was considered statistically significant.

Results

Baseline data before and after matching

Of the 7,620 GC patients, 2,292 (30.0%) had <16 ELNs 
and 5,328 (70.0%) had ≥16 ELNs. After PSM, there were 
1,843 patients in each group. The baseline data of the whole 
cohort before and after PSM are summarized in Table 1. 
Before matching, differences were observed in terms of age 
(P<0.001), gender (P<0.001), tumor location (P<0.001), 
tumor size (P=0.022), Lauren classification (P=0.001), pTNM 
stage (P<0.001), pT stage (P<0.001), pN stage (P<0.001) and 
gastrectomy type (P<0.001); after matching, the results were 
similar between the two groups (P>0.05; Table 1).

We further analyzed the node-negative GC patients. 
Before PSM, there were 1,031 pN0 GC patients with 
ELNs <16 and 1,762 pN0 GC patients with ELNs ≥16. 
After PSM, there were 825 patients with ELNs <16 and 826 
patients with ELNs ≥16. The characteristics of the node-
negative GC patients before and after PSM are summarized 
in Table 2. Of the 2793 pN0 GC patients, differences were 
observed in terms of age (P<0.001), gender (P=0.001), 
tumor location (P<0.001), tumor size (P=0.022), pTNM 
stage (P<0.001), pT stage (P<0.001), and gastrectomy 
type (P=0.001) before matching. After matching, the 
backgrounds of pN0 GC patients in the ELNs <16 (n=825) 
and ELNs ≥16 (n=826) groups were well-balanced.

The mean (± SD) number of pathologically proven 
ELNs for the matched cohort of 1,651 node-negative GC 
patients was 18.5±11.5 (range: 1–87), with 9.9±3.8 in the 
ELNs <16 group and 27.0±10.2 in the ELNs ≥16 group. 

Survival factor analysis for the matched pN0 GC patients 

The ELNs ≥16 group had a longer OS (HR 0.644; 95% CI, 

0.516–0.804, P=0.001) (Figure 2) than that in the ELNs <16 
group. The 5-year survival rate (5-YSR) in the two groups 
were 82.6% and 76.3%, respectively. Univariate analysis 
revealed that the following seven clinicopathological 
characteristics were significantly associated with OS in the 
matched pN0 GC patients: age at surgery, tumor location, 
tumor size, Lauren classification, type of gastrectomy, 
pTNM stage ,  and ELNs count  (Tab l e  3 ) .  These 
characteristics were then included in a multivariate Cox 
proportional hazard model (forward stepwise procedure) 
to adjust for the effects of covariates. Multivariate analysis 
indicated that ELNs count (HR, 0.644; P<0.001), age at 
surgery, tumor location, tumor size, Lauren classification, 
and type of gastrectomy were independent predictors of OS 
in pN0 GC patients (Table 3).

Subgroup analyses for the matched pN0 GC patients

We performed subgroup analyses of node-negative GC 
patients to further investigate the clinical significance of 
ELNs. Tables 4,5 and Figure 3 show the subgroup survival 
analyses for pTNM status between the ELNs <16 and 
ELNs ≥16 groups. Based on the aforementioned definition, 
stage migrations were observed in several subgroups of pN0 
GC patients with specific pTNM stages: (I) pT2N0M0 
(ELNs <16) vs.  pT3N0M0 (ELNs ≥16) (P=0.371,  
Figure 3B); (II) pT2N0M0 (ELNs <16) vs. pT4aN0M0 
(ELNs ≥16) (P=0.100, Figure 3D); (III) pT3N0M0 (ELNs 
<16) vs. pT4aN0M0 (ELNs ≥16) (P=0.859, Figure 3F); 
(IV) pT3N0M0( ELNs <16) vs. pT4bN0M0 (ELNs ≥16) 
(P=0.397, Figure 3H); and (V) pT4aN0M0 (ELNs <16) vs. 
pT4bN0M0 (ELNs ≥16) (P=0.831, Figure 3J).

Stage migration was detected between pT2N0M0 (ELNs 
<16) and pT3N0M0 (ELNs ≥16) (P=0.371, Figure 3B).  
Since pT stage is unalterable, the causes of stage migration 
were mostly attributed to the alteration of pN stage. 
We hypothesized that an increasing number of ELNs 
may transform stage pT2N0M0 GC patients into stage 
pT2N1M0. We used the matched all-stage GC patients 
to test this hypothesis. Figure 3C shows that there was no 
difference in stage pT2N0M0 (ELNs <16) and pT2N1M0 
(ELNs ≥16) (P=0.214) when using the matched all-stage 
GC patients for analysis. Thus, the hypothesis was proven: 
stage pT2N0M0 GC patients may be classified as stage 
pT2N1M0 with an increased ELN count.

Similarly, we repeated this verification process between: 
(I) pT2N0M0 (ELNs <16) vs. pT4aN0M0 (ELNs ≥16), (II) 
pT3N0M0 (ELNs <16) vs. pT4aN0M0 (ELNs ≥16), (III) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6232365/table/Table1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6232365/table/Table1/
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Table 1 Baseline data before and after propensity score matching of the whole cohort 

Characteristics
Before aPSM (n=7,620) After aPSM (n=3,686)

ELNs <16 (n=2,292) ELNs ≥16 (n=5,328) P ELNs <16 (n=1,843) ELNs ≥16 (n=1,843) P

Age (year) <0.001* 0.921

<60 1,020 (44.5) 2,966 (55.7) 881 (47.8) 878 (47.6)

≥60 1,272 (55.5) 2,362 (44.3) 962 (52.2) 965 (52.4)

Gender <0.001* 0.593

Male 1,699 (74.1) 3,679 (69.1) 1,381 (74.9) 1,395 (75.7)

Female 593 (25.9) 1,649 (30.9) 462 (25.1) 448 (24.3)

Tumor location <0.001* 0.577

Upper third 899 (39.2) 1,124 (21.1) 603 (32.7) 604 (32.8)

Middle third 283 (12.3) 1,191 (22.4) 257 (13.9) 276 (15.0)

Lower third 900 (39.3) 2,587 (48.6) 860 (46.7) 827 (44.9)

More than two third 210 (9.2) 426 (8.0) 123 (6.7) 136 (7.4)

Tumor size (cm) 0.022* 0.869

≤4 1,126 (49.1) 2,500 (46.9) 947 (51.4) 942 (51.1)

>4 1,166 (50.9) 2,828 (53.1) 896 (48.6) 901 (48.9)

Lauren classification 0.001* 0.550

Intestinal 1,034 (45.1) 2,181 (40.9) 813 (44.1) 795 (43.1)

Diffuse 1,258 (54.9) 3,147 (59.1) 1,030 (55.9) 1,048 (56.9)

pTNM stage <0.001* 0.985

IA 243 (10.6) 549 (10.3) 223 (12.1) 229 (12.4)

IB 224 (9.8) 497 (9.3) 196 (10.6) 183 (9.9)

IIA 226 (9.9) 457 (8.6) 179 (9.7) 185 (10.0)

IIB 565 (24.7) 883 (16.6) 441 (23.9) 432 (23.4)

IIIA 750 (32.7) 1,255 (23.6) 573 (31.1) 573 (31.1)

IIIB 253 (11.0) 1,010 (19.0) 206 (11.2) 213 (11.6)

IIIC 31 (1.4) 677 (12.7) 25 (1.4) 28 (1.5)

pT stage <0.001* 0.916

T1 276 (12.0) 669 (12.6) 250 (13.6) 253 (13.7)

T2 383 (16.7) 1,026 (19.3) 335 (18.2) 329 (17.9)

T3 313 (13.7) 935 (17.5) 258 (14.0) 260 (14.1)

T4a 1,189 (51.9) 2,339 (43.9) 932 (50.6) 922 (50.0)

T4b 131 (5.7) 359 (6.7) 68 (3.7) 79 (4.3)

pN stage <0.001* 0.959

N0 1,031 (45.0) 1,762 (33.1) 825 (44.8) 826 (44.8)

N1 495 (21.6) 869 (16.3) 377 (20.5) 370 (20.1)

N2 522 (22.8) 965 (18.1) 418 (22.7) 414 (22.5)

N3a 244 (10.6) 1,093 (20.5) 223 (12.1) 233 (12.6)

N3b 0 (0) 639 (12.0) 0 (0) 0 (0)

Gastrectomy type <0.001* 0.584

Total 360 (15.7) 1,367 (25.7) 278 (15.1) 290 (15.7)

Subtotal 1,932 (84.3) 3,961 (74.3) 1,565 (84.9) 1,553 (84.3)

Data presented as No. (%) unless otherwise noted. *, P<0.05; a, matched parameters—gender, age group, tumor location, tumor size, Lauren 
classification, pTNM stage, pT stage, and gastrectomy type. ELNs, examined lymph nodes; PSM, propensity score matching.
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Table 2 Baseline data before and after propensity score matching of pN0 GC patients 

Characteristics
Before aPSM (n=2,793) After aPSM (n=1,651)

ELNs <16 (n=1,031) ELNs ≥16 (n=1,762) P ELNs <16 (n=825) ELNs ≥16 (n=826) P

Age (year) <0.001* 0.981

<60 487 (47.2) 1,035 (58.7) 426 (51.6) 427 (51.7)

≥60 544 (52.8) 727 (41.3) 399 (48.4) 399 (48.3)

Gender 0.001* 0.348

Male 770 (74.7) 1,215 (69.0) 620 (75.2) 637 (77.1)

Female 261 (25.3) 547 (31.0) 205 (24.8) 189 (22.9)

Tumor location <0.001* 0.305

Upper third 384 (37.2) 357 (20.3) 244 (29.6) 254 (30.8)

Middle third 130 (12.6) 377 (21.4) 125 (15.2) 148 (17.9)

Lower third 441 (42.8) 948 (53.8) 423 (51.3) 389 (47.1)

More than two third 76 (7.4) 80 (4.5) 33 (4.0) 35 (4.2)

Tumor size (cm) 0.022* 0.445

≤4 641 (62.2) 1,171 (66.5) 554 (67.2) 540 (65.4)

>4 390 (37.8) 591 (33.5) 271 (32.8) 286 (34.6)

Lauren classification 0.086 0.313

Intestinal 525 (50.9) 838 (47.6) 417 (50.5) 397 (48.1)

Diffuse 506 (49.1) 924 (52.4) 408 (49.5) 429 (51.9)

pTNM stage <0.001* 0.434

IA 241 (23.4) 549 (31.2) 223 (27.0) 229 (27.7)

IB 207 (20.1) 430 (24.4) 183 (22.2) 172 (20.8)

IIA 131 (12.7) 236 (13.4) 93 (11.3) 94 (11.4)

IIB 420 (40.7) 495 (28.1) 316 (38.3) 311 (37.7)

IIIA 32 (3.1) 52 (3.0) 10 (1.2) 20 (2.4)

pT stage <0.001* 0.434

T1 243 (23.6) 549 (31.2) 223 (27.0) 229 (27.7)

T2 207 (20.1) 430 (24.4) 183 (22.2) 172 (20.8)

T3 130 (12.6) 235 (13.3) 93 (11.3) 94 (11.4)

T4a 419 (40.6) 496 (28.1) 316 (38.3) 311 (37.7)

T4b 32 (3.1) 52 (3.0) 10 (1.2) 20 (2.4)

Gastrectomy type 0.001* 0.332

Total 128 (12.4) 303 (17.2) 94 (11.4) 107 (13.0)

Subtotal 903 (87.6) 1,459 (82.8) 731 (88.6) 719 (87.0)

Data presented as No. (%) unless otherwise noted. *, P<0.05; a, matched parameters—gender, age group, tumor location, tumor size, Lauren 
classification, pTNM stage, pT stage, and gastrectomy type. ELNs, examined lymph nodes; PSM, propensity score matching.
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pT3N0M0 (ELNs <16) vs. pT4bN0M0 (ELNs ≥16), and 
(IV) pT4aN0M0 (ELNs <16) vs. pT4bN0M0 (ELNs ≥16). 
The hypotheses were disproven in: (I) pT2N0M0 (ELNs 
<16) vs. pT2N2M0 (ELNs ≥16) (P=0.004, Figure 3E)  
and (II) pT3N0M0 (ELNs <16) vs. pT3N2M0 (ELNs 
≥16) (P<0.001, Figure 3I). The hypotheses were proven 
in: (I) pT3N0M0 (ELNs <16) vs. pT3N1M0 (ELNs ≥16) 
(P=0.079, Figure 3G) and (II) pT4aN0M0 (ELNs <16) vs. 
pT4aN1M0 and pT4aN2M0 (ELNs ≥16) (Figure 3K). Stage 

pT4aN0M0 may migrate to pT4aN1M0 (P=0.921) rather 
than to pT4aN2M0 (P<0.001).

Discussion

Although several new staging methods have been proposed 
to evaluate the prognosis of GC, the TNM staging 
system based on the count of positive lymph nodes is still 
widely used as the number of positive lymph nodes well 
reflects the prognosis (14-16). Recently, the AJCC eighth 
staging system made several modifications mainly based 
on recommendations from the International Gastric 
Cancer Association Staging Project (3). Although the 
optimal number of ELNs remains controversial, the AJCC 
eighth GC staging system traditionally recommends the 
examination of at least 16 lymph nodes. Notably, only about 
37% (1,032/2,793) of the node-negative GC patients in our 
study had the AJCC-recommended minimum of 16 ELNs, 
which meant that more than half of the node-negative GC 
patients were inappropriately evaluated according to the 
AJCC eighth staging system. GC patients might be staged 
incorrectly because of an insufficient number of ELNs (17). 
Our previous study showed that patients with ELNs ≥16 
had a significantly higher median OS than those with ELNs 
<16 after curative surgery because of the underestimation 
of the N stage of patients with ELNs <16 (18). We also 
demonstrated that an insufficient ELNs count may be a 
potential risk factor for the postoperative recurrence even 
in node-negative GC patients (19).

The number of ELNs refers to the total number of 
lymph nodes obtained from radical gastrectomy specimens 
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Figure 2 Survival curves for the matched pN0 GC patients with 
ELNs <16 (n=825) or ELNs ≥16 (n=826). ELNs, examined lymph 
nodes. 

Table 3 Univariable and multivariable analysis of matched node-negative GC patients

Characteristics
Univariable analysis Multivariable analysis

HR 95% CI P HR 95% CI P

Age 1.499 1.196–1.878 <0.001* 1.522 1.215–1.906 <0.001*

Gender 0.782 0.595–1.027 0.077

Tumor location 1.119 1.002–1.250 0.046* 1.121 1.004–1.253 0.043*

Tumor size 1.384 1.096–1.749 0.006* 1.390 1.100–1.757 0.006*

Lauren classification 1.578 1.245–2.001 <0.001* 1.539 1.216–1.949 <0.001*

pTNM stage 1.720 1.539–1.922 <0.001* 1.719 1.538–1.922 <0.001*

Gastrectomy type 0.587 0.444–0.775 <0.001* 0.577 0.437–0.762 <0.001*

ELNs 0.642 0.515–0.801 <0.001* 0.644 0.516–0.804 <0.001*

*, P<0.05. HR, hazard ratio; CI, confidence interval.
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Table 4 Subgroup survival analyses for pTNM status between ELNs <16 group and ELNs ≥16 group for matched pN0 GC patients (part A)

pTNM stage
IAa (ELNs <16) IBb (ELNs <16) IIAc (ELNs <16) IIBd (ELNs <16) IIIAe (ELNs <16)

χ2 Sig. χ2 Sig. χ2 Sig. χ2 Sig. χ2 Sig.

IAa (ELNs <16) 30.52 <0.001* 38.17 <0.001* 79.77 <0.001* 258.08 <0.001*

IBb (ELNs <16) 30.52 <0.001* 0.95 0.329 13.51 <0.001* 55.48 <0.001*

IIAc (ELNs <16) 38.17 <0.001* 0.95 0.329 2.94 0.086 30.80 <0.001*

IIBd (ELNs <16) 79.77 <0.001* 13.51 <0.001* 2.94 0.086 25.55 <0.001*

IIIAe (ELNs <16) 258.08 <0.001* 55.48 <0.001* 30.80 <0.001* 25.55 <0.001*

IAa (ELNs ≥16) 0.01 0.907 29.04 <0.001* 36.44 <0.001* 76.69 <0.001* 270.42 <0.001*

IBb (ELNs ≥16) 9.23 0.002* 5.94 0.015* 9.39 0.002* 34.49 <0.001* 117.78 <0.001*

IIAc (ELNs ≥16) 17.14 <0.001* 0.80 0.371 2.63 0.105 11.20 0.001* 61.06 <0.001*

IIBd (ELNs ≥16) 51.57 <0.001* 2.69 0.100 0.03 0.859 5.18 0.023* 42.60 <0.001*

IIIAe (ELNs ≥16) 44.96 <0.001* 2.58 0.108 0.71 0.397 0.04 0.831 9.76 0.002*
a, pT1N0M0; b, pT2N0M0; c, pT3N0M0; d, pT4aN0M0; e, pT4bN0M0; *, P<0.05. ELNs, examined lymph node counts; Sig, significance.

Table 5 Subgroup survival analyses for pTNM status between ELNs <16 group and ELNs ≥16 group for matched pN0 GC patients (part B)

pTNM stage
IAa (ELNs ≥16) IBb (ELNs ≥16) IIAc (ELNs ≥16) IIBd (ELNs ≥16) IIIAe (ELNs ≥16)

χ2 Sig. χ2 Sig. χ2 Sig. χ2 Sig. χ2 Sig.

IAa (ELNs <16) 0.014 0.907 9.23 0.002* 17.14 <0.001* 51.57 <0.001* 44.96 <0.001*

IBb (ELNs <16) 29.04 <0.001* 5.94 0.015* 0.80 0.371 2.69 0.100 2.58 0.108

IIAc (ELNs <16) 36.44 <0.001* 9.39 0.002* 2.63 0.105 0.03 0.859 0.71 0.397

IIBd (ELNs <16) 76.69 <0.001* 34.49 <0.001* 11.20 0.001* 5.18 0.023* 0.04 0.831

IIIAe (ELNs <16) 270.42 <0.001* 117.78 <0.001* 61.06 <0.001* 42.60 <0.001* 9.76 0.002*

IAa (ELNs ≥16) 8.71 0.003* 16.84 <0.001* 50.61 <0.001* 43.28 <0.001*

IBb (ELNs ≥16) 8.71 0.003* 1.28 0.256 16.83 <0.001* 10.92 0.001*

IIAc (ELNs ≥16) 16.84 <0.001* 1.28 0.256 4.01 0.045* 4.31 0.038*

IIBd (ELNs ≥16) 50.61 <0.001* 16.83 <0.001* 4.01 0.045* 0.94 0.332

IIIAe (ELNs ≥16) 43.28 <0.001* 10.92 0.001* 4.31 0.038* 0.94 0.332
a, pT1N0M0; b, pT2N0M0; c, pT3N0M0; d, pT4aN0M0; e, pT4bN0M0; *, P<0.05. ELNs, examined lymph node counts; Sig, significance.

during the pathological examination, rather than the total 
number of lymph nodes dissected (4). Theoretically, since 
the number of lymph nodes in all soft tissues (especially the 
small and occult ones) cannot be determined, the number of 
lymph nodes should not exceed the number of lymph nodes 
dissected. To obtain lymph nodes for examination, special 
personnel are required to sort each station of lymph nodes 
in the perigastric region from the surgical specimens of GC, 
making detailed records before sending the samples for 
examination. Unfortunately, many medical centers in China 

and many foreign countries do not pay attention to this step, 
resulting in a relatively low number of lymph nodes for final 
postoperative pathological examination. In addition, since 
many pathologists are not aware of the anatomical location of 
the perigastric gastric lymph nodes, it is more difficult to sort 
out enough lymph nodes to detect metastasis. 

Generally, stage migration of lymph node metastasis is 
considered to significantly impact patients’ pathological 
stage, prognostic evaluation, and strategy formulation for 
adjuvant therapy after surgery. Stage migration of lymph 
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Figure 3 Subgroup survival analyses for the matched pN0 GC patients. (A) Survival analysis for pTNM stage between ELNs <16 group and 
ELNs ≥16 group; (B) pT2N0M0 (IB, ELNs <16) vs. pT3N0M0 ( IIA, ELNs ≥16) (P=0.371); (C) pT2N0M0 (IB, ELNs <16) vs. pT2N1M0 
(IIA, ELNs ≥16) (P=0.214); (D) pT2N0M0 (IB, ELNs <16) vs. pT4aN0M0 (IIB, ELNs ≥16) (P=0.100); (E) pT2N0M0 (IB, ELNs <16) vs. 
pT2N2M0 (IIB, ELNs ≥16) (P=0.004); (F) pT3N0M0 (IIA, ELNs <16) vs. pT4aN0M0 (IIB, ELNs ≥16) (P=0.859); (G) pT3N0M0 (IIA, 
ELNs <16) vs. pT3N1M0 (IIB, ELNs ≥16) (P=0.079); (H) pT3N0M0 (IIA, ELNs <16) vs. pT4bN0M0 (IIIA, ELNs ≥16) (P=0.397); (I) 
pT3N0M0 (IIA, ELNs <16) vs. pT3N2M0 (IIIA, ELNs ≥16) (P<0.001); (J) pT4aN0M0 (IIB, ELNs <16) vs. pT4bN0M0 (IIIA, ELNs ≥16) 
(P=0.831); (K) pT4aN0M0 (IIB, ELNs <16) vs. pT4aN1M0 and pT4aN2M0 (IIIA , ELNs ≥16). ELNs, examined lymph nodes. 
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node metastasis may be induced by individual differences 
in patients, disease stage, special biological behaviors of the 
tumor, extent of lymphadenectomy, procedures of lymph 
node examination, etc., which can hardly give rise to the 
accurate staging of lymph node metastasis from GC in 
clinical settings. The specification procedures for lymph 
node examination following radical lymphadenectomy 
for GC are not only the necessary method to obtain 
comprehensive information on lymph node metastasis from 
patients but are also essential evidence for high-quality 
curative gastrectomy for patients, and which may provide 
an exhaustive database for further precise GC diagnosis and 
treatment (4). 

Stage migration of lymph node metastasis was initially 
reported in GC as a directly proportional relationship 
between the number of metastatic lymph nodes and the 
extent of lymphadenectomy; and with the expansion of 
lymphadenectomy, the stage migration of lymph nodes 
metastasis can be gradually reduced or avoided (the so-called 
Will Rogers phenomenon) (5). Currently, most Chinese 
medical centers can fulfill curative GC resection with D2 
lymphadenectomy; theoretically, there is little probability 
of stage migration. However, the scarcity of ELNs is a 
significant factor resulting in this phenomenon. Therefore, 
in recent years many scholars have proposed a variety of new 
evaluation indicators to reduce the stage migration of lymph 
node metastasis, including the lymph node metastasis rate, 
log odds of positive lymph nodes, and the ratio of negative 
and positive lymph nodes (20-22). However, while the above 
index can partially make up the deficiency of lymph nodes 
stage migration for evaluating the prognosis of patients 
with GC after radical gastrectomy in a single medical 
center, we should remember that these indicators are just a 
mathematical method for changing a constant to a ratio or 
logarithm and its role in reducing stage migration is limited, 
making it difficult to achieve the same effect in a wide 
geographical range or in multiple centers (23). 

The clinical data of patients with radical gastrectomy 
in our center in the past ten years suggests that the 
number of metastatic lymph nodes in patients after D2 
lymphadenectomy increased with the addition of the 
number of ELNs for positive correlation (18). As early as 
2005, Smith et al. found that every 10 additional ELNs 
can improve the prognosis of GC patients to some extent 
in an analysis of GC patient’s data in the US Surveillance, 
Epidemiology, and End Results (SEER) database (24). The 
reason may be closely related to stage migration and local 
disease control. In 2009, according to the sixth edition of 

the TNM staging system of GC, our study also showed 
that patients with ELNs ≥15 experienced significantly 
better total survival, disease-free survival, and survival after 
recurrence than those in patients with ELNs <15 (25). 
In analysis of D2 lymphadenectomy, which improves the 
prognosis of some patients with GC, we also found that an 
increased ELNs count was an independent prognostic factor 
of GC patients with perigastric lymph nodes metastasis 
(greater and lesser curvature) (26). When the 7th edition 
of GC TNM staging system was issued, the recommended 
number of ELNs was not less than 16 because stage pN3b 
patients required at least 16 metastatic lymph nodes to be 
confirmed by pathology and there were reports that patients 
with ELNs ≥16 had significantly higher survival rates than 
those in patients with ELNs <16 (18). 

It’s feasible to correct for stage migration of lymph node 
metastases by increasing the number of ELNs. The surgical 
treatment of GC in Japan and South Korea has always 
been significantly ahead of that in China, partly due to the 
fact that Japanese and Koreans pay more attention to early 
screening of GC, resulting in a much higher proportion of 
early GC than that in China. However, the postoperative 
survival rates of patients with advanced GC in Japan and 
South Korea are also significantly higher than that of 
developed medical centers in China. The popularity of 
D2 lymphadenectomy in most medical centers in China 
does not seem to have the same effect in Japan and South 
Korea; thus, it is not entirely due to surgical skills. Recently, 
Sano et al. found that the proportion of pN3b GC patients 
was almost two times higher in some East Asian countries 
except for Japanese and South Korea (including 979 patients 
in China) with a relatively low number of lymph nodes 
(24.8 per case) than that in Japan and South Korea (3). This 
finding shows that the number of metastasis lymph nodes 
in GC patients in China may increase with an increased 
ELNs count. Our retrospective analysis of the clinical and 
pathological data of 7,620 GC patients undergoing radical 
gastrectomy revealed that node-positive patients with ELNs 
≥30 had the highest survival rate in the same subgroup of 
patients with pN stage, which is also the prognosis-related 
stage migration caused by an insufficient number of ELNs 
we are currently facing (4). 

In the present study, we initially explored the setting 
in which the ELNs strongly influenced the prognosis and 
stage migration of node-negative patients. For this purpose, 
we employed a multicenter collaborative database to select 
patients with pN0 GC who underwent a total gastrectomy. 
The latest edition staging system designates node-
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negative disease as any GC in which all ELNs are negative, 
regardless of the total number of ELNs. Node-negative GC 
is an easily overlooked disease with a relatively favorable 
prognosis and the treatment is quite different from that of 
advanced GC. If a node-positive patient is staged incorrectly 
as node-negative because of an insufficient number of 
ELNs, the therapeutic strategies and long-term prognosis 
would be greatly affected. Thus, there is an urgent need to 
recognize the significance of ELNs.

We employed PSM to minimize selection bias before 
conducting multivariable analysis and found that the 
number of ELNs was an independent prognostic factor in 
node-negative GC patients (Table 2), a finding consistent 
with those of previous studies (27,28). The association 
between the number of ELNs and OS was mostly attributed 
to stage migration. Node-negative GC patients with few 
ELNs may not truly node-negative but rather indicate the 
presence of understaging. Increased lymph node removal 
will also reduce the chance of inappropriate understaging. 
Subgroup analyses revealed stage migration between several 
subgroups: (I) pT2N0M0 (ELNs <16) vs. pT3N0M0 
(ELNs ≥16) (P=0.371, Figure 3B); (II) pT2N0M0 (ELNs 
<16) vs. pT4aN0M0 (ELNs ≥16) (P=0.100, Figure 3D); 
(III) pT3N0M0 (ELNs <16) vs. pT4aN0M0 (ELNs ≥16) 
(P=0.859, Figure 3F); (IV) pT3N0M0 (ELNs <16) vs. 
pT4bN0M0 (ELNs ≥16) (P=0.397, Figure 3H); and (V) 
pT4aN0M0 (ELNs <16) vs. stage pT4bN0M0 (ELNs 
≥16) (P=0.831, Figure 3J). We then made hypotheses and 
used the all-stage matched GC patients to test them. Some 
hypotheses were proven, indicating the presence of certain 
stage migrations and that increasing the ELNs count could 
induce the alteration of pTNM staging in node-negative 
GC patients.

The present study has several limitations. The main 
limitation of the work we present here is its retrospective 
population-study design. The great disadvantage of 
population studies is their inherent variability. This 
variability is derived both from differences in the study 
centers (3 centers in our case) and in the possible variation 
in the surgical techniques used, surgeons’ specializations 
and preferences. Also, all patients are come from Chinese 
population in this study, which perhaps result in little bias 
of detection results comparing to the other race. 

Conclusions

Stage migration could be detected in pN0 GC patients, 
especially in cases with an insufficient number of ELNs. 

However, increasing the number of ELNs could avoid 
the stage migration phenomenon. We recommend at least 
16 ELNs for correct staging, even in patients with node-
negative GC. 
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