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Introduction

Gastric cancer affects over 900,000 people worldwide, 
yet surgical management of the disease varies widely (1). 
Although the outcome has improved with perioperative 
chemotherapy or adjuvant chemo-radiation, the primary 
therapeutic modality for curable gastric cancer remains 
surgical resection with lymph node dissection (2,3). 
Nevertheless, the appropriate extent of lymph node 

dissection is controversial even though the number of 
positive and negative lymph nodes are independent 
predictors of disease-free survival (4,5). In Asian countries, 
extended lymph node dissection (ELND) with D2 or D3 
dissection are more favored; while, in western countries, 
there is less emphasis on ELND (6). Much of the 
controversy lies in clinical trials demonstrating a benefit to 
D2 over D1 lymph node dissection in select patients (7,8). 
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There have been multiple studies addressing the optimal 
method of gastric lymph node dissection. The Maruyama 
index, which is a quantitative estimate of residual disease 
in lymph nodes, has been used to pre-operatively plan 
such lymph node dissection (9). Moreover, there have 
been additional studies analyzing large datasets to evaluate 
a cut-off point on optimal dissection. A Surveillance, 
Epidemiology, and End Results (SEER) database analysis 
by Smith et al. demonstrated that 10 lymph nodes dissection 
was optimal, but there was continued survival improvement 
with up to 40 lymph nodes removed (10). A study by the U.S. 
Gastric Cancer Collaborative group reported that dissecting 
16 lymph nodes was optimal (11). Even in D2 resection, 
the optimal lymph node dissection is not known although  
16 lymph nodes has been suggested as the minimum 
number necessary (12).

Herein, the National Cancer Database (NCDB), a 
comprehensive clinical surveillance resource oncology data 
set, was used to study the extent of lymph node dissection 

for resected gastric cancer.

Methods

This analysis used the NCDB from 2004 to 2013 to examine 
the extent of lymph node dissection in surgically resected 
gastric cancer with negative margins. The NCDB is a joint 
project of the Commission on Cancer of the American 
College of Surgeons and the American Cancer Society.

The CONSORT diagram is detailed in Figure 1. Patients 
with invasive gastric carcinoma treated with surgical 
resection and lymph node dissection of at least 1 lymph 
node were included. Exclusion criteria were metastatic 
disease, positive surgical margin, and incomplete data.

Patient demographics and facility covariates included 
age, sex, race (whites, blacks, and other), Charlson/Deyo 
comorbidity score (CDCC) (0 vs. 1 vs. 2+), primary health 
insurance type (private versus government versus no or 
unknown insurance), distance in miles from residence to 
treatment facility (<30 and ≥30), facility type (academic 
versus non-academic), and location (metro versus urban/
other). Clinicopathologic characteristics assessed included 
year of diagnosis, grade, tumor size, number of positive 
lymph nodes, and number of lymph nodes removed.

Statistical methods

All statistical analyses were completed by a biostatistician  
(H Ye). Optimal lymph node cut-off points were determined 
by Cox regression χ2 score. Each lymph node group cut-offs  
were tested using Cox regression model, and the one 
with maximum χ2 was chosen as an optimal cut-off point. 
Actuarial survival was determined using the Kaplan-Meier 
method, and comparisons of survival were completed via 
log-rank tests.

Multiple sensitivity analyses were conducted to limit 
biases. To prevent stage migration, sensitivity analyses were 
conducted removing patients who had fewer than 7 LNs 
dissected. The analysis also removed patients who had fewer 
than 16 lymph nodes dissected given the AJCC 8th edition 
defining N3b as metastasis in 16 or more regional LNs. 
Univariate Cox regression was performed by pathologic 
nodal stage to examine the relationship between pathologic 
nodal stage and the lymph node dissection. Receiver 
operating characteristic (ROC) analysis was completed 
to determine the optimal cut-off value regarding percent 
positive lymph nodes. 

A multi-variate Cox analysis was conducted using the 

Total number of patients
n=152,341

Invasive gastric adenocarcinoma
n=92,490

No metastatic disease
n=54,558

Underwent curative surgery
n=34,893

Negative margins
n=29,556

No history of other cancers
n=23,469

Greater than one LN removed
n=21,309

Complete set of data
n=17,851

Figure 1 CONSORT diagram.
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forward method followed by the backward method. The 
following variables was included in the regression: age, 
sex (male vs. female), race (white vs. non-white), CDCC  
(0 vs. 1 vs. 2+), primary health insurance type (private versus 
government versus no or unknown insurance), distance 
in miles from residence to treatment facility (<30 and 
≥30), facility type (academic versus non-academic), year of 
diagnosis, tumor size (<50 vs. ≥50 mm), number of positive 
lymph nodes (continuous), % positive lymph nodes (<10% 
vs. ≥10%), number of lymph nodes removed (<20 vs. ≥20), 
use of chemotherapy, and use of radiation. 

A Cox proportional hazard model was then constructed 
using number of lymph nodes removed as a continuous 
variable starting with 7 dissected lymph nodes as the 
reference point to decrease stage migration. Moreover, 
grade, stage, use of chemotherapy, and use of radiotherapy 
were corrected in this model.

A two-sided P<0.05 was used to determine statistical 
significance. SPSS version 24 (IBM, Armonk, NY, USA) was 
used to perform all statistical analyses. MedCalc Statistical 
Software version 15.11.3 (MedCalc Software bvba, Ostend, 
Belgium; https://www.medcalc.org; 2015) and Microsoft 
Excel 2013 (Microsoft, Redmond, WA, USA) was used for 
creating graphs.

Results

Patient and treatment characteristics

We identified 17,851 patients who fit the inclusion and 
exclusion criteria. The median follow-up was 37 months 
(0–130 months). Table 1 shows the patient characteristics. 
The mean (± SD) number of lymph nodes removed was 
16±11 (Figure S1). The number of lymph nodes removed 
by year is represented in Figure S2, which shows similar 
median number of lymph nodes removed from 2004 to 
2013. The 3- and 5-year survival by stage was 75.8% 
(95% CI: 74.7–76.9%) and 63.7% (95% CI: 63.7–66.4%) 
for stage I, 55.5% (95% CI: 54–57.1%) and 43% (95% 
CI: 41.4–44.8%) for stage II, and 35.4% (95% CI:  
34–36.9%) and 25.8% (95% CI: 24.4–27.3%) for stage III, 
respectively. 

Determining the optimal cut-off point

Figure 2 represents the univariate Cox regression χ2 
analysis. For the entire cohort, the optimal cut-off point 
was greater than 20 lymph nodes removed (Figure 2A). 

Table 1 Patient and treatment characteristics

Category N (%)

Age (mean, median, range) 66.55, 68, 19–90

Gender

Male 12,030 (67.4)

Female 5,821 (32.6)

Race

White 13,032 (73.0)

Black 2,652 (14.9)

Other 2,167 (12.1)

CDCC score

0 12,062 (67.6)

1 4,307 (24.1)

2+ 1,482 (8.3)

Insurance

Private 6,422 (36.0)

Government 10,585 (59.3)

Uninsured 844 (4.7)

Distance from facility

<30 13,694 (76.7)

≥30 8,357 (21.6)

Unknown 300 (1.7)

Facility type

Academic 7,757 (43.5)

Non-academic 10,094 (56.5)

Location

Metro 14,664 (82.1)

Suburban/other 3,187 (17.9)

Grade

1 1,278 (7.2)

2 6,540 (36.6)

3 9,043 (50.7)

4 242 (1.4)

Unknown 748 (4.2)

Chemo

No Chemo 7,236 (38.9)

Chemo 9,322 (50.2)

Neoadjuvant 4,819 (51.7)

Adjuvant 4,503 (48.3)

Not administered/unknown 2,025 (10.9)



1171Journal of Gastrointestinal Oncology, Vol 9, No 6 December 2018

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(6):1168-1175jgo.amegroups.com

When correcting for stage migration (eliminating all 
patients with less than 7 and 16 lymph nodes removed), 
the optimal cut-off point continued to be greater than 
20 lymph nodes removed (Figure 2B,C). There was a 
significant overall survival difference [HR 0.80; 95% CI: 
0.76–0.84 (P<0.001)] when stratifying patients based on 
20 dissected lymph nodes (Figure 3A). When comparing  
3- and 5-year survival, the 20–29 lymph node group 
dissected revealed the most improvement in overall survival  
(Figure 3B,C).

Cox regression and overall survival by pathologic nodal stage

Another sensitivity analysis was conducted looking at 
number of pathologically positive lymph nodes stratified by 
pathologic N-stage (Figure S3). The 5-year overall survivals 
(OS) are shown in Table S1. In patients with 1–2 positive 
lymph nodes (pN1), dissecting a total of 10 lymph nodes or 
greater was the cut-off point. For pN1 disease, 3-year OS 
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Figure 2 Cox regression separated by lymph node groups. (A) All 
patients; (B) all patients correcting for stage migration (exclusion 
of patients with <7 nodes dissected); (C) all patients correcting for 
stage migration (exclusion of patients with <16 nodes dissected).

100

90

80

70

60

50

40

30

20

0           20           40          60           80         100        120         140 
Time from diagnosis (months)Number at risk

Group: ≥20 lymph nodes removed

Group: <20 lymph nodes removed
11744      7493      4367      2641       1391        555        80            0

3964       2645       1457        801         388         146          17            0

        <20 lymph nodes removed
        ≥20 lymph nodes removed

P <0.0001

A

100
90
80
70
60
50
40
30
20
10
0

%
 S

ur
vi

va
l

0-9          10-19        20-29        30-39          40+

Stage I

Stage II

Stage III

B

Lymph node group

90
80
70
60
50
40
30
20
10
0

%
 S

ur
vi

va
l

0-9          10-19        20-29        30-39          40+

Lymph node group

Stage I

Stage II

Stage III

C
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Kaplan-Meier comparison of overall survival stratified by 20 lymph 
node dissected cut-off point; (B) 3-year survival by pathological lymph 
node stage; (C) 5-year survival by pathological lymph node stages.
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was 42.8%±1.6% for 0–9 dissected lymph nodes compared 
to 59.4%±1.1% for 10+ dissected lymph nodes (P<0.001) 
while the 5-year survival was 30.6%±1.6% for 0–9 dissected 
lymph nodes compared to 48.2%±1.2% for 10+ dissected 
lymph nodes (P<0.001). In terms of 3–6 positive lymph 
nodes (pN2), acquiring a total of 10 or more lymph nodes 
was also the cut-off point. For pN2 disease, 3-year OS was 
28.6%±1.9% for 0–9 dissected lymph nodes compared to 
44.1%±1.2% for 10+ dissected lymph nodes (P<0.001) while 
the 5-year survival was 18.3%±1.7% for 0–9 dissected lymph 
nodes compared to 32.6%±1.2% for 10+ dissected lymph 
nodes (P<0.001). Furthermore, for patients with 7+ positive  
lymph nodes (pN3), dissecting 20 lymph nodes or greater 
was the cut-point. For pN3 disease, 3-year OS was 
25.5%±1.4% for 0–19 dissected lymph nodes compared to 
39.3%±1.7% for 20+ dissected lymph nodes (P<0.001) while 
the 5-year survival was 17.2%±1.3% for 0–19 dissected 
lymph nodes compared to 28.5%±1.7% for 20+ dissected 
lymph nodes (P<0.001), respectively.

Cox regression and overall survival by percent positive 
lymph nodes

A sensitivity analysis was further conducted evaluating the 
impact of percent positive lymph nodes removed. Percent 
positive lymph nodes threshold significance was analyzed 
using ROC analysis (data not shown). The largest change 
in overall survival was associated with the cut-off point 
of 10% positive lymph nodes (Table 2). Furthermore, 
stratification by clinical N stage continued to show the 
benefit of <10% positive dissected lymph nodes (Table S2).

Multi-variable Cox regression

On multi-variable Cox regression analysis (Table S3), higher 
pathologic stage, non-white race, uninsured/unknown 
insurance, male sex, tumor size over 50 mm, earlier year of 
diagnosis, <20 lymph nodes examined, ≥10% positive lymph 

nodes, lack of chemotherapy, lack of radiation, increased 
number of positive lymph nodes, non-academic facility, and 
higher CDCC score were associated with inferior overall 
survival. 

Cox proportional hazard model

Moreover, a sensitivity analysis was conducted looking at 
a Cox proportional hazard model using number of lymph 
nodes removed as a continuous variable while correcting 
for grade, stage, use of chemotherapy, and use of radiation 
therapy (Figure S4). There was no optimal cut-off value 
for lymph node dissection determined via this method as 
a predictor of overall survival. Hence, it showed that the 
number of lymph nodes removed could potentially increase 
the overall survival as a continuous variable.

Discussion

Loco-regional control is paramount in the treatment of 
gastric cancer. In advanced gastric cancer, treatment usually 
involves surgical resection ideally with negative surgical 
margins and adequate lymph node dissection along with 
neoadjuvant or adjuvant treatment with chemotherapy and/
or radiation treatment. The risk of lymph node metastasis in 
gastric cancer is associated with multiple factors including 
the histological type, tumor growth pattern, submucosal 
invasion, and tumor size (13). Lymph node involvement 
and locoregional spread are common in gastric cancer and 
overall survival prognosis is highly dependent on the extent 
of lymph node metastasis. This study solidifies the evidence 
that a complete dissection is necessary for both staging 
and therapeutic purposes. Using the NCDB, this analysis 
indicates that number of lymph nodes dissected is associated 
with overall survival. Furthermore, dissecting greater than 
20 lymph nodes was associated with a superior survival. 
Greater than 10 lymph nodes removed were necessary with 
pN1 or pN2 disease while greater than 20 dissected lymph 

Table 2 5-year overall survival rates based on percent positive lymph nodes stratified by total number of lymph node dissection

# of positive node
Lymph nodes removed groups

0–9; N=3,031 10–19; N=4,515 20–29; N=2,235 30–39; N=784 40+; N=414

0–10% 55.5±1.0 60.3±0.9 65.6±1.4 63±2.3 69.3±3.0

10–20% 35.3±2.8 43.5±2.1 35.9±2.9 36.1±5.2 47±6.2

20%+ 22.4±1.2 24±1.1 29.4±1.9 28.3±3.4 24.2±5.3



1173Journal of Gastrointestinal Oncology, Vol 9, No 6 December 2018

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(6):1168-1175jgo.amegroups.com

nodes were needed for pN3 disease. Hence, dissecting 
greater number of lymph nodes in more advanced 
pathologically staged patients may decrease the risk of 
“inappropriate understaging” while having a favorable 
effect on survival. This was also evident as there was 
better survival with ≤10% positive dissected lymph nodes. 
However, the question of what is the extent of lymph node 
dissection to minimize under-staging versus maximizing 
therapeutic benefit could not be answered in this analysis.

ELND has been adopted in Asian countries, and recent 
data has begun to change the western countries point of 
view on ELND in spite of the higher rate of mortality 
and morbidity associated with D2 dissection per former 
publications (14). As it was later evident, much of the 
mortality and morbidity for the D2 dissection is related 
to the distal pancreatectomy and/or splenectomy (15,16). 
In 1998, Degiuli et al. published positive results on the 
feasibility of D2 gastrectomy with pancreas preservation, 
and the following randomized trial demonstrated no 
difference in morbidity and mortality between D1 and 
D2 dissection (8,17,18). The importance of lymph node 
dissection in overall survival has been the topic of review 
by many groups. The Dutch Gastric Cancer Group 
showed no long-term overall survival benefit with D2 
lymphadenectomy although this could have been related 
to increased postoperative mortality (19). Nevertheless, 
in the subgroup analysis, patients with N2 disease showed 
improved survival after D2 dissection (19). Subsequently, 
D2 lymphadenectomy was eventually associated in the 
long-term with lower loco-regional recurrence and gastric-
cancer related deaths (7). Additionally, the Italian Gastric 
Cancer Study group also reported no significant difference 
in outcome between D1and D2 dissections (8). However, 
again subgroup analysis revealed a trend toward benefit 
with D2 dissection in patients with locally advanced gastric 
cancer and positive lymph nodes. This concept was further 
validated when Wu et al. further addressed the extent of 
lymph node dissection with improved 5-year survival with 
D3 dissection compared to D1 dissection (20). Furthermore, 
a meta-analysis by Seevaratnam et al. demonstrated a 
trend toward survival benefit with D2 dissection for more 
advanced tumors (T3/T4), and the subgroup analysis of 
patients with spleen and pancreas preservation continued to 
show a trend toward better survival rate with D2 compared 
to D1 (P=0.07) (21). Likewise, meta-analysis by Mocellin 
et al. reported that D2 dissection was associated with better 
disease-free survival even though the associated increased 
rate of post-operative mortality could limit its therapeutic 

impact (22).
Quantifying the extent of lymph node dissection was 

further evaluated by Smith et al. using the SEER database, 
which found a cut-point of 10 lymph nodes yielding the 
greatest survival difference although there continued to 
be superior survival up to 40 lymph nodes (10). The U.S. 
Gastric Cancer Collaborative similarly found that greater 
than 16 lymph nodes removed had prognostic implications 
on survival, especially for stage IA–IIIA patients (11). 
Moreover, a review of the German Gastric Cancer study 
found that ≤25 lymph nodes and >20% positive lymph 
node ratio was associated with worse survival in stage II  
patients (23). Interestingly, the median number of lymph 
nodes removed in gastric cancer has increased from 7 lymph 
nodes removed in 2003–2004 as published in the previous 
NCDB publications to 14 lymph nodes in this study, 
indicating that clinical practice in the United States favored 
greater extent of lymph node dissection over the last  
decade (24). It is possible that ELND is accepted and 
performed more often in the United States. 

As it was discussed above, an interesting finding of 
this study is that patients with >10% positive dissected 
lymph nodes have poor outcomes; however, the use of 
such information clinically can be limited given it would 
be difficult to obtain such information prior to surgical 
resection and pathologic review. Moreover, clinical staging 
in the NCDB has limited utility due to its incomplete 
information regarding staging work-up and clinical stage 
determination. Thus, the clinical staging might not be useful 
in quantifying the minimum number of lymph nodes needed 
for dissection but could be useful in determining if extended 
lymph node dissection is needed. It is reasonable to assume 
the probability of a patient ending with >10% positive  
dissected LNs is higher with increasing clinical nodal stage. 
Hence, it is reasonable to consider extended lymph node 
dissection in such patients, which is in reality can result in 
therapeutic dissection.

Other limitations of this study are that the NCDB is a 
large observational database that does not include many 
clinical and outcomes variables. Hence, there could be an 
unknown selection bias that is not accounted for as certain 
variables are not included in the database. Moreover, there 
is no NCDB coding of D1 versus D2 resection, which could 
be an important variable in this study and therefore number 
of lymph nodes dissected was indirectly used instead. 
Lastly, stage migration is an important concern, although 
we attempted to correct for this limitation using sensitivity 
analyses.
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In conclusion, the extent of dissected lymph nodes of 
20 or greater lymph nodes was associated with superior 
survival. Extended LN dissection is to be considered 
especially in patients with clinical lymphadenopathy.
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Figure S1 Distribution of lymph nodes removed in all patients.
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Figure S2 Number of lymph nodes removed by year of diagnosis. 
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Figure S3 Cox regression stratified by positive pathologic nodal 
staging. (A) pN1; (B) pN2; (C) pN3.



Table S1 5-year overall survival rates based on number of positive pathologic lymph nodes in patients with different total number of dissected 
lymph nodes

# of positive node
Lymph nodes removed groups

0–9; N=3,031 10–19; N=4,515 20–29; N=2,235 30–39; N=784 40+; N=414

1–2 30.6±1.6 44.9±1.5 53.6±2.6 49±4.4 68.1±5.2

3–6 18.3±1.7 29.2±1.5 35.2±2.4 39.1±4.3 49.6±5.9

7+ 8.1±2.8 18.4±1.4 27.1±2.2 28.1±3.5 36.4±4.8

Table S2 5-year overall survival rates based on percent of positive pathologic lymph nodes in patients in different clinical nodal stages

% pathologic 
nodes

Clinical nodal stage

cN0 cN1 cN2 cN3

Survival (%) n Survival (%) n Survival (%) n Survival (%) n

<10% 69.3±4.9 121 66.4±1 3,101 56.2±1.6 1,693 48.3±1.9 1,137

≥10% 18±8.2 30 33.1±2.1 704 30.7±.7 1,124 22.7±1.4 1,492



Table S3 Multi-variate cox regression

Category P HR 95% LL 95% UL

Pathologic stage

Stage 2 vs. 1 0.000 1.870 1.726 2.026

Stage 3 vs. 1 0.000 2.564 2.334 2.817

White vs. non-white 0.000 1.169 1.101 1.242

Insurance status

Government vs. private 0.127 0.901 0.788 1.030

Uninsured/unknown vs. private 0.000 1.277 1.121 1.454

Male vs. female 0.000 0.876 0.828 0.926

Tumor size (<50 vs. ≥50 mm) 0.006 1.079 1.022 1.140

Year of diagnosis

2005 vs. 2004 0.834 1.011 0.916 1.116

2006 vs. 2004 0.110 0.920 0.830 1.019

2007 vs. 2004 0.484 0.964 0.868 1.069

2008 vs. 2004 0.307 1.055 0.952 1.170

2009 vs. 2004 0.844 0.989 0.889 1.100

2010 vs. 2004 0.020 0.880 0.790 0.980

2011 vs. 2004 0.046 0.894 0.801 0.998

2012 vs. 2004 0.033 0.876 0.776 0.989

Node removed (<20 vs. ≥20) 0.000 0.707 0.662 0.756

% positive lymph nodes (<10% vs. ≥10%) 0.000 1.426 1.318 1.543

Chemotherapy (yes vs. no) 0.000 0.684 0.634 0.738

Radiation (yes vs. no) 0.000 0.862 0.801 0.926

Residence to treatment facility (<30 vs. ≥30) 0.002 1.106 1.038 1.179

# of positive lymph nodes (continuous) 0.000 1.036 1.027 1.044

Facility type (academic vs. non-academic) 0.005 0.925 0.877 0.976

Charlson/Deyo Comorbidity Score

1 vs. 0 0.000 1.148 1.081 1.219

2+ vs. 0 0.000 1.543 1.411 1.688
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Figure S4 Cox proportional hazard model. Grade, stage, use of 
chemotherapy, and use of radiation was corrected in this model.


