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Abstract

Background: Greater lymph node retrieval in gastric cancer improves staging accuracy and may improve survival
from increased clearance of nodal micrometastasis. This retrospective cohort study investigated if more lymph
nodes removed in gastric cancer increases survival and if such effect is stage-specific due to differential risks of
nodal micrometastasis and systemic disease.

Methods: The prospectively collected database of curatively resected gastric cancer patients in National Cancer
Center, South Korea between 2000 and 2009 was reviewed. Disease-free survival (DFS) and overall survival (OS) for
all patients and for each stage according to number of lymph nodes examined (1–30, 31–45, > 45) were analyzed.

Results: Of 4049 patients, 96.6% and 98.4% underwent D2 (perigastric and extragastric) lymphadenectomy and had
≥ 15 lymph nodes examined. Mean number of nodes examined was 43. Five-year OS & DFS rates were 83.3% and
80.7%. Patients with > 45 nodes examined had significantly lower DFS (p = 0.002) and OS (p = 0.007) compared to
those with 1–30 and 31–45 nodes. However, proportion of patients with > 45 nodes examined increased with stage
(p = 0.0005). Per stage, there was no significant difference in DFS and OS according to number of nodes examined
except for stage IIIA favoring more nodes (p = 0.018 and p = 0.044, respectively). Similar trend was seen in stage IIB.
Number of examined nodes positively correlated with number of pathologic nodes for all patients (r = 0.144,
p < .001) but not for stage IIB and IIIA. Number of nodes examined was a significant survival predictor in stage IIIA.

Conclusion: Greater lymph node harvest showed improved survival in intermediate-stage gastric cancer.
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Background
Gastric cancer is the 5th and 3rd most common cancer
and cause of cancer-related mortality, respectively, world-
wide [1]. Surgery, which includes appropriate gastrectomy
and lymphadenectomy, is the cornerstone of treatment.
Lymphadenectomy may be limited to perigastric lymph

nodes (D1) or extended to include nodes along the named
vessels of the celiac axis (D2). Arguments favoring ex-
tended lymphadenectomy include improved staging and
locoregional control and potential survival benefit based
on non-randomized reports [2–5]. While initial results
from Western randomized trials failed to validate survival
advantage with extended dissection [6, 7], long-term
follow-up showed decreased gastric cancer-related deaths
particularly in patients with limited nodal disease and
without pancreaticosplenectomy [8]. This finding along
with results from Eastern randomized trials showing
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better survival with extended lymphadenectomy [9], the
non-requirement of distal pancreaticosplenectomy for all
D2 dissection [10, 11], and the decreased perioperative
mortality in high volume centers [12], have led to the rec-
ommendation by major consensus groups of D2 dissec-
tion as standard lymphadenectomy for gastric cancer [13–
16].
Greater extent of lymphadenectomy is associated with

increased number of harvested lymph nodes [17–20]. In
the lymphadenectomy trials, consistently more nodes
were retrieved in the D2 arms [6, 7, 9]. Several reports
including population-based and single, low to high vol-
ume institution studies demonstrated better survival
with increased number of removed nodes [5, 21–25].
However, it is difficult to ascertain if this effect on sur-
vival is due to stage migration or an actual therapeutic
benefit [2, 3, 5, 24–26]. With more nodes examined, the
probability of detecting pathologic nodes increases, lead-
ing to more accurate staging and stage-specific survival
estimates [2, 20, 27, 28]. Stage migration is of particular
concern in Western studies with high proportion of
cases not meeting the minimum of 15 nodes examined
recommended for accurate staging [5, 19, 21, 29]. Alter-
natively, removal of more lymph nodes may improve
survival by improving locoregional control via clearance
of nodes harboring macro- and micrometastasis. Nodal
micrometastases in gastric cancer were shown to
negatively impact survival [30–33].
We hypothesize that the therapeutic benefit of remov-

ing more lymph nodes is limited to intermediate-stage
disease. In early cancer, removal of more nodes may not
improve survival because nodal metastasis risk is low,
while in advanced stages, risk of systemic disease is high
thus offsetting any benefit achieved with improved
regional control. We aim to define the impact of the
number of lymph nodes removed on survival in a high-
volume gastric cancer center where lymph node harvest
for accurate staging is achievable and treatments stan-
dardized. The study considers whether, beyond the influ-
ence of number of lymph nodes removed on the staging
quality, the removal of more nodes in itself has a thera-
peutic benefit and if such benefit is stage-specific.

Methods
A review was conducted of prospectively collected data
relating to histologically proven gastric adenocarcinoma
patients who underwent primary curative resection in
National Cancer Center (NCC), South Korea between
2000 and 2009. Nearly half of the NCC patients, both
public and private, were from the regional area and the
other half from a nationwide distribution. Included in
the study were patients ≥18 years who underwent R0 re-
section with lymphadenectomy and at least 5 years
follow-up for survivors. Patients with distant metastases

(including peritoneum, cytology-positive, paraaortic
lymph nodes], concurrent or history of other malig-
nancy, previous gastrectomy, prior neoadjuvant chemo-
therapy/chemoradiotherapy, who underwent sentinel
lymph node biopsy, or died within 30 days from surgery
were excluded. Neoadjuvant therapy patients were ex-
cluded as neoadjuvant therapy may decrease nodal yield.
Postoperative deaths were excluded since the outcome
of interest is long-term survival. High-volume gastric
surgeons performed the operations. A dedicated team of
gastric pathologists performed the examination of lymph
nodes using standardized conventional protocol.
Clinicopathologic and survival data were retrieved pri-

marily from the NCC Center of Gastric Cancer database.
Additional electronic medical records were reviewed for
some patients to supply missing data. Clinicopathologic
data were retrieved relating to age, sex, American Soci-
ety of Anesthesiology (ASA) score, body mass index
(BMI), pathologic tumor (pT) category, pathologic
tumor size, mean number of positive pathologic lymph
nodes, pathologic nodal status (pN) category, total num-
ber of lymph nodes examined, pathologic stage, tumor
location (proximal, middle, distal, whole), histologic
grade, Borrmann type, Lauren type, lymphovascular in-
vasion (LVI), perineural invasion (PNI), resection type
(subtotal, total, extended), lymph node dissection extent
(D1, D2, > D2), and adjuvant chemotherapy. Patients
were grouped according to pathologic stage (American
Joint Committee on Cancer 7th edition) and categories
defined by the total number of lymph nodes examined.
Categories of number of lymph nodes examined were
determined a priori and to avoid small numbers per cat-
egory, particularly with few lymph nodes examined, the
first group consisted of patients with 30 or less nodes,
the second with 31–45 nodes and the third with more
than 45 nodes. Data were presented as means (with
standard deviations, SD) for continuous variables and
frequencies (%, count and denominators) for categorical
variables.
With the main objective of the study to investigate an

association between the total number of LN examined
and survival, Kaplan-Meier method was used to estimate
survival curves for all stages and for each stage accord-
ing to total number of lymph nodes examined. Survival
was defined in terms of disease-free survival (DFS) and
overall survival (OS). Log-rank test was used to detect
survival differences. Cases were censored on their last
known follow-up check up or with the occurrence of
outcome of interest (recurrence or death from any
cause). Analysis of variance (ANOVA) was used to de-
tect differences in the total lymph nodes examined
among stages. Linear regression modeling was used to
test the trend with those more than 45 lymph nodes ex-
amined according to stage. Scatterplot and linear
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regression analyses were used to assess stage migration
with number of examined lymph nodes as independent
variable and number of positive pathologic lymph nodes
as dependent variable. To provide additional evidence
for association of total number of examined lymph with
survival, univariate and multivariate analyses using the
Cox proportional hazards model of this variable along
with other clinicopathologic variables deemed to affect
survival in gastric cancer based on previous reports (age,
sex, BMI, ASA score, pT, pN, pstage, tumor location,
histologic grade, Borrmann type, Lauren type, LVI, PNI,
resection type and adjuvant chemotherapy) were done.
Variables which showed significance (p value < 0.05) on
univariate analysis were entered into the multivariate
analysis to identify which variables remained signifi-
cantly associated with survival. The analyses were not
intended to develop a prognostic risk prediction model
but to look at association of factors separately.
SAS version 9.3 (SAS institute Inc., Cary, NC, USA)

was used in the statistical analyses and graphs were gen-
erated using R statistical software (Version 3.1.2; R
Foundation for Statistical Computing, Vienna, Austria).
Analyses were 2-sided and level of statistical significance
was set at p values ≤ 0.05.
The NCC Institutional Review Board approved the

study (NCC 2015–0084).

Results
Patient characteristics and surgical outcomes
After applying the stated inclusion and exclusion cri-
teria, 4049 patients were identified for inclusion in the
study (Fig. 1). The clinicopathologic characteristics of
4049 patients are shown in Table 1. Complete data were
available for 100% of cases for nine of 19 variables for
which data were collected, 99% of cases for six variables,
97% for two variables, and 91% and 80% for one variable
each. Median follow-up were 84.7 months (range, 1.1
to165.2) for all patients and 93.3 months (range, 46.7 to
165.2) for survivors. Nine hundred eighty-eight patients
(24.4%) died within 5 years from surgery and the rest
(3061 patients, 75.6%) were known to be alive more than
5 years from date of surgery. Mean number of examined
lymph nodes was 42.9 (SD 15.9) while mean number of
pathologically positive lymph nodes was 2.8 (SD 6.3).
Ninety-eight percent (98%) of patients had more than 15
lymph nodes examined. At least a D2 dissection was
performed in 96.6% of patients. During the study period,
there were only 11 patients who died within 30 days
postoperatively, representing 0.27% of all cases and dis-
tributed as follows according to total number of lymph
nodes examined: 0–30 – 2 (0.22%), 31–45 – 5 (0.31%),
and > 45–4 (0.26%). Ninety-three patients (2.25% of all
cases) were excluded from the study due to receipt of
neoadjuvant chemotherapy and were equally distributed

across categories of total number of lymph nodes
examined (0–30: 27 cases, 2.9%; 31–45: 33 cases, 2.02%;
> 45: 33 cases, 2.07%).
Table 2 shows the number of total lymph nodes ex-

amined per stage category. By ANOVA, mean number
of lymph nodes examined was significantly different
among stage subgroups. Further analysis by linear re-
gression revealed that with increasing stage, the propor-
tion of patients with more than 45 nodes examined
increased (t = 7.83, p = 0.0005).

Survival outcomes by lymph node harvest groups
Five-year OS and DFS rates for all patients were 83.3%
and 80.7%, respectively. Survival estimates for all pa-
tients and for each stage according to number of lymph
nodes examined were obtained. (Additional files 1 and 2:
Figures S1 and S2). For all patients, statistically signifi-
cant differences in DFS according to total number of
lymph nodes examined were seen (Fig. 2). Patients with
more than 45 nodes examined had significantly lower
DFS compared to patients who had 1–30 and 31–45
nodes. However, as shown in Fig. 2, when survival was
analyzed by stage subgroup, stage IIIA patients showed
significantly improved survival with more nodes exam-
ined (p = 0.018). A non-statistically significant trend for
improved survival with greater nodal harvest for stage
IIB was likewise observed (p = 0.566). For all other
stages, the DFS curves for the three total lymph nodes
examined categories overlapped extensively and no stat-
istical difference was found (Additional file 1: Figure S1).
Similar results were found when comparing OS accord-

ing to number of lymph nodes examined (Fig. 3). For all
patients, OS was significantly different across the three
categories of total lymph nodes examined, with worse out-
comes seen with > 45 nodes group. Analyzed by stage sub-
group, only stage IIIA patients had significantly different
OS depending on the total lymph nodes examined, again
favoring more nodes (p = 0.044). Similar trend for im-
proved survival with greater number of total lymph
nodes examined was also seen in stage IIB (p = 0.572).

Stage migration effect analysis
The scatterplot and linear regression analyses (Fig. 4)
showed significant positive correlation between number
of nodes examined and number of positive pathologic
nodes (r = 0.144, p < .001). However, on analysis by stage
subgroupings (Additional file 3: Figure S3), no significant
correlation was observed in stage IIB and IIIA (p = 0.651
and p = 0.283) (Fig. 3).

Factors affecting overall survival
In univariate analysis, all variables examined except
Lauren type were significant predictors of overall
survival in all patients (Additional file 4: Table S1). But,
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multivariate analysis identified only age, body mass
index (BMI), American Society of Anesthesiology (ASA)
score, pT (pT4 only) and pN category, tumor location
(distal and whole only), histologic grade, Borrmann type
(III and IV only), lymphovascular invasion and resection
type (extended resection) as significant survival predic-
tors (Table 3). Total number of lymph nodes examined
was not a significant predictor in this analysis. For stage
IIIA specifically, univariate analysis revealed age, BMI,
total number of lymph nodes examined, and tumor
location as significant predictors for survival (Additional
file 4: Table S1). Age and total number of lymph nodes
examined (> 45) remained significant in multivariate
analysis (Table 3).

Discussion
The study results suggest a therapeutic benefit with re-
moval of more lymph nodes that is limited to patients
with intermediate-stage disease. In early disease, harvest-
ing more nodes may not have survival gains because the
risk of nodal metastases is low at the outset [3]. Also,
nodes with both macro and micrometastases are limited
and may not necessitate large number of nodes to be re-
moved for complete clearance. In advanced stages, the
risk of disease already being systemic is high so that
clearance of more nodes potentially harboring microme-
tastasis is of minor therapeutic consequence. In
intermediate-stage disease, however, harvesting of more
lymph nodes with potential micrometastasis in a disease

Fig. 1 Process of case selection from the database for study inclusion
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Table 1 Clinicopathologic characteristics of patients
Clinicopathologic variable Mean (SD)/ Frequency (%)

n = 4049

Age, in years

Mean, SD 57.6 (11.9)

< 65 years 2722 (67.2%)

≥ 65 years 1327 (32.8%)

Sex

Male 2694 (66.5%)

Female 1355 (33.5%)

BMI, in kg/m2 23.7 (3.1)

ASA

I 1540 (38.0%)

I 1991 (49.2%)

III 187 (4.6%)

Unknown 331 (8.2%)

pT size, in cm 4.6 (2.8)

pT category

T1 2049 (50.6%)

T2 595 (14.7%)

T3 787 (19.4%)

T4 618 (15.3%)

pN category

N0 2465 (60.9%)

N1 550 (13.6%)

N2 440 (10.9%)

N3 594 (14.7%)

Total number of pathologically
positive lymph nodes

2.8 (6.3)

Total number of lymph nodes examined

Mean, SD 42.9 (15.9)

0–30 889 (22.0%)

31–45 1597 (39.4%)

> 45 1563 (38.6%)

pStage

IA 1815 (44.8%)

IB 501 (12.4%)

IIA 423 (10.4%)

IIB 330 (8.2%)

IIIA 303 (7.5%)

IIIB 341 (8.4%)

IIIC 336 (8.3%)

Tumor location

Proximal 683 (16.9%)

Middle 1370 (33.8%)

Distal 1916 (47.3%)

Whole 80 (2.0%)

Table 1 Clinicopathologic characteristics of patients (Continued)
Clinicopathologic variable Mean (SD)/ Frequency (%)

n = 4049

Histologic gradea

Differentiated 1542 (38.1%)

Undifferentiated 2456 (60.7%)

Others 49 (1.2%)

Unknown 2 (0.05%)

Borrmann type

0 2214 (54.7%)

I 51 (1.3%)

II 374 (9.2%)

III 1269 (31.3%)

IV 121 (3.0%)

V 19 (0.5%)

Unknown 1 (0.02%)

Lauren type

Intestinal 1899 (46.9%)

Diffuse 1644 (40.6%)

Mixed 359 (8.9%)

Indeterminate/Unknown 147 (3.6%)

Lymphovascular invasion

Present 1596 (39.4%)

Absent 2340 (57.8%)

Unknown 113 (2.8%)

Perineural invasion

Present 948 (23.4%)

Absent 2293 (56.6%)

Unknown 808 (20.0%)

Resection type

Subtotal 2892 (71.4%)

Total 988 (24.4%)

Extended 169 (4.2%)

Extent of lymph node dissection

D1 126 (3.1%)

D2 3867 (95.5%)

> D2 46 (1.1%)

Unknown 10 (0.2%)

Adjuvant chemotherapyb

Yes 1002 (24.7%)

No 3012 (74.4%)

Unknown 35 (0.9%)

Abbreviations: BMI body mass index, ASA American Society of Anesthesiology,
pT pathologic tumor, pN pathologic nodal status
aDifferentiated histology included papillary adenocarcinoma,
well-differentiated tubular adenocarcinoma, and moderately differentiated
adenocarcinoma. Undifferentiated histology included poorly differentiated
adenocarcinoma, signet ring cell adenocarcinoma, and mucinous carcinoma.
Others included adenosquamous, squamous, neuroendocrine, etc
bAdjuvant chemotherapy was indicated in patients with Stage II disease and
higher. Adjuvant chemotherapy after publication of S1 adjuvant therapy trial
and initiation and subsequent publication of adjuvant capecitabine
+ oxaliplatin (XELOX) trial were either of the two. Prior to these trials,
5-fluorouracil-based chemotherapy was used
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setting that is likely still locoregional may have a thera-
peutic impact. This may account for the statistically sig-
nificant association with improved survival for stage IIIA
disease and a favorable trend in stage IIB.
That survival benefit associated with the removal of

more lymph nodes is limited to a particular
intermediate-stage subgroup in this study is in line with
other reports. In the Dutch trial, N2 subgroup had better
survival with D2 dissection [8]. Karpeh et al. showed
that examination of 15 or more nodes significantly influ-
enced survival estimates for stage II and III gastric can-
cer [25]. In a prospective multicenter observational
study, extent of lymphadenectomy, defined according to
number of nodes removed (≤ 25 versus > 25), had an in-
dependent survival effect in stage II disease [34]. This ef-
fect persisted even after exclusion of patients with
insufficient nodal dissection [34]. A South Korean high-
volume center retrospective study showed that in
patients with >15 nodes examined, there was no stage-
specific survival differences according to nodal yield
except for stage IIIB, an effect attributed to improved re-
gional control with removal of lymph nodes with micro-
involvement [35]. The lack of survival advantage with
higher lymph node yield in early gastric cancer in this
study is consistent with other reports [24, 35] and exist-
ing recommendations for limited lymphadenectomy (D1
or D1+) for early (cT1N0) gastric cancer [15, 16, 27], al-
though the study is not designed adequately to provide

strong conclusions to this effect. However, studies sug-
gest that even in early node-negative disease, removal of
at least 15 nodes remains important to improve survival
[4]. Even with D1 lymphadenectomy retrieval of 15
nodes as a goal is achievable [6, 7, 9, 17]. In this study,
92% of D1 dissection cases had at least 15 nodes

Table 2 Frequency distribution of total lymph nodes examined
by stage

Stage n Total No. of Lymph
Nodes Examined*

Mean (SD)

Total Lymph Nodes Examined
Category Frequency (%)

0–30 31–45 > 45†

All 4049 42.9 (15.9) 889 1597 1563

(22.0%) (39.4%) (38.6%)

IA 1815 40.2 (14.8) 473 765 577

(26.1%) (42.1%) (31.8%)

IB 501 41.5 (14.8) 117 207 177

(23.4%) (41.3%) (35.3%)

IIA 423 45.3 (17.3) 82 162 179

(19.4%) (38.3%) (42.3%)

IIB 330 44.7 (15.5) 59 120 151

(17.9%) (36.4%) (45.8%)

IIIA 303 45.8 (16.8) 56 110 137

(18.5%) (36.3%) (45.2%)

IIIB 341 46.7 (16.9) 60 120 161

(17.6%) (35.2%) (47.2%)

IIIC 336 48.5 (16.2) 42 113 181

(12.5%) (33.6%) (53.9%)

*ANOVA test: F = 24.31, p < 0.001
†Linear regression: t = 7.83, p = 0.001
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Fig. 2 Kaplan-Meier disease-free survival curves according to total
number of lymph nodes examined (≤ 30, 31–45, > 45) for all
patients (a) and for stage subgroups IIB (b) and IIIA (c)
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examined and 73% of patients with < 15 lymph nodes
examined had node-negative disease. Additional analysis
of T1 N0 patients (Additional file 5: Figure S4) showed
no statistically significant difference in overall survival
(p = 0.96) and disease-free survival (p = 0.79) between
those who had < 15 and ≥ 15 lymph nodes examined.
However, this may be due to the very small number of

patients with < 15 nodes removed, comprising only 1.8%
(33/1815) of patients with T1 N0 disease.
Worse survival outcomes were observed for patients

with > 45 nodes examined when the entire patient co-
hort was analyzed. This may be due to the significant
trend towards more nodes being removed with
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Fig. 3 Kaplan-Meier overall survival curves according to total
number of lymph nodes examined (≤ 30, 31–45, > 45) for all
patients (a) and for stage subgroups IIB (b) and IIIA (c)
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Fig. 4 Scatterplot and linear regression analysis of number of positive
pathologic lymph nodes versus number of harvested lymph nodes for
all patients (a) and for stage subgroup IIB (b) and stage IIIA (c)
(r Spearman correlation value; p Spearman correlation test value)
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increasing pathologic stage and higher proportion of pa-
tients with > 45 nodes removed with advanced-stage dis-
ease. By looking at the entire patient cohort alone, it
is unclear whether the poorer survival with removal
of > 45 nodes is due to more advanced disease or re-
moval of more nodes per se. Hence, analysis per stage
category, was important to eliminate this concern.
This study’s findings are inconsistent with the results

of a US population-based study using the Surveillance,
Epidemiology, and End Results (SEER) database which
showed that, for every stage, overall survival was found
to be highly dependent on the number of nodes exam-
ined [5]. The different results could be explained by dif-
ferences in methodology. The SEER study included low
to high-volume gastric centers and excluded patients
with N2–3 or T4 disease. Categories of number of re-
moved lymph nodes and stage subgroupings were differ-
ent. Additionally, 78% of patients had < 15 lymph nodes
examined with a median of 8 nodes. In the present
study, less than 2% of patients had < 15 nodes examined
with a median of 41 nodes. Hence, in the SEER study, it
is difficult to ascertain whether the survival benefit was
an actual therapeutic benefit or the result of stage migra-
tion [5]. Another study using the National Cancer
Database also showed positive association of OS with
lymph node yield for both node-negative and node-
positive disease but rate of adequate nodal retrieval was
only 21–36% [22].
Distinguishing stage migration from therapeutic benefit

confounds interpretation of studies demonstrating sur-
vival benefit of extended lymphadenectomy. Extensive
lymphadenectomy results in higher nodal retrieval, higher
probability of detecting nodal metastasis, and hence, more
accurate pathologic staging [3, 4, 17–20, 27, 28, 35, 36].
Accurate staging leads to better stage-specific survival and
may explain in part the benefit with D2 versus D1

Table 3 Multivariate analysis of clinicopathologic factors
associated with overall survival†

Risk factors All Stages Stage IIIA

HR 95% CI pa HR 95% CI pa

Age, years

< 65 1.00 Reference 1.00 Reference

≥ 65 1.99 1.70–2.33 < .001 2.23 1.51–3.30 < .001

BMI 0.95 0.92–0.97 < .001

ASA

I 1.00 Reference

II 1.25 1.06–1.48 0.008

III 2.24 1.71–2.93 < .001

pT category

T1 1.00 Reference

T2 0.83 0.56–1.24 0.366

T3 1.10 0.72–1.66 0.663

T4 2.00 1.29–3.09 0.002

pN category

N0 1.00 Reference

N1 1.44 1.10–1.87 0.007

N2 1.79 1.36–2.35 < .001

N3 3.45 2.64–4.50 < .001

Total number of LN examined

0–30 1.00 Reference 1.00 Reference

30–45 1.05 0.86–1.28 0.614 0.87 0.53–1.45 0.580

> 45 0.96 0.79–1.18 0.721 0.56 0.33–0.95 0.030

Tumor location

Proximal 1.00 Reference

Middle 1.27 1.00–1.61 0.051

Distal 1.35 1.05–1.75 0.020

Whole 1.66 1.15–2.40 0.007

Histologic grade*

Differentiated 1.00 Reference

Undifferentiated 0.85 0.72–1.00 0.045

Others 2.69 1.74–4.15 < .001

Borrmann type

0 1.00 Reference

I 1.73 0.92–3.25 0.089

II 1.43 0.95–2.15 0.085

III 1.85 1.28–2.68 0.001

IV 2.27 1.41–3.65 0.001

V 1.29 0.31–5.42 0.732

Lymphovascular invasion

Absent 1.00 Reference

Present 1.31 1.08–1.60 0.007

Table 3 Multivariate analysis of clinicopathologic factors
associated with overall survival† (Continued)

Risk factors All Stages Stage IIIA

HR 95% CI pa HR 95% CI pa

Resection type

Subtotal 1.00 Reference

Total 1.20 0.98–1.49 0.084

Extended 1.55 1.16–2.06 0.003

Abbreviations: BMI body mass index, ASA American Society of Anesthesiology,
pT pathologic tumor, pN pathologic nodal status
†Only factors found to be statistically significant, except for total number of LN
examined, reported. For all variables, refer to Additional file 4: Table S1
ap values indicate a relative statistical significance for each category compared
to the reference category in each variable (HR 1.00)
*Differentiated histology included papillary adenocarcinoma, well-differentiated
and moderately-differentiated tubular adenocarcinoma. Undifferentiated
histology included poorly differentiated adenocarcinoma, signet ring cell
adenocarcinoma, and mucinous carcinoma. Others included adenosquamous,
squamous, neuroendocrine, etc.
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dissection and better survival outcomes in Eastern versus
Western centers [4, 29, 36]. Coburn et al. demonstrated
poor survival for every stage with inadequate lymph node
assessment [19]. Even in an Eastern high-volume center, a
linear relationship between number of examine nodes and
survival was demonstrated [24].
In this study, stage migration effect, while not com-

pletely eliminated, may have been reduced since most pa-
tients had D2 dissection and > 15 nodes examined. Nodal
staging and stage-specific survival estimates are more ac-
curate with at least 15 nodes examined [4, 25, 34, 35]. De
Manzoni et al. suggested that D2 dissection is required for
accurate gastric cancer staging given their findings that
62% of D1 dissection patients had < 15 nodes retrieved
compared to 5.5% with D2 dissection [20].
Stage migration causing improved survival in other

studies was suggested by positive correlation between
number of examined and metastatic lymph nodes on lin-
ear regression analysis [24, 28]. Similar result was seen
here but stage subgroup analysis revealed a stage-
specific correlation. In stage IIIA where a survival bene-
fit for greater nodal harvest was demonstrated, no
significant correlation between number of nodal harvest
and pathologic lymph nodes was found, suggesting that
survival benefit in this intermediate stage may be an
actual therapeutic benefit.
Nodal micrometastasis is one rationale for aggressive

lymph node removal [33]. Immunohistochemical and
molecular studies of resected nodes showed association
of nodal micrometastasis with poor prognosis [30–32].
But, some studies on node-negative gastric cancer with
10–53% nodal micrometastasis rate failed to demon-
strate survival difference between micrometastasis-
positive and -negative groups [36, 37]. This may be due
to the already favorable prognosis of early gastric cancer
and because the micrometastasis-positive nodes were re-
moved. The risk of nodal micrometastasis is correlated
with tumor size and invasion depth and is more likely to
occur in patients with lymph node metastases on con-
ventional examination [32, 38, 39]. It is in the setting of
intermediate-stage disease, therefore, where micrometas-
tasis risk is high but systemic disease low that resection
of more nodes may contribute to survival, as seen here.
A limitation in the clinical applicability of this study’s

finding of improved survival with increased lymph node
harvest in intermediate-stage disease is the accurate clin-
ical identification of such patients. Preoperative and in-
traoperative assessment of nodal status is poorly
correlated with pathologic nodal staging [40]. Hence, as
mentioned in most gastric cancer guidelines, limited
lymphadenectomy should be performed only in select
group of T1N0 gastric cancer patients.
In our study, gastric cancer patients receiving neoadju-

vant therapy were excluded from the analysis in an

attempt to limit the potential confounding effect that neo-
adjuvant therapy may have on the ultimate number of
lymph node harvested at the time of curative resection.
However, there is no consensus in the literature as to
whether or not the administration of neoadjuvant therapy
for gastric cancer reduces the ultimate number of lymph
nodes harvested at the time of curative resection [41, 42].
It is possible that our exclusion of gastric cancer patients
receiving neoadjuvant therapy from our analysis could
have been responsible for some portion of the survival ad-
vantage observed in intermediate stage disease patients
with a greater number of lymph nodes harvested. This
issue is of particular clinical interest in Western gastric
cancer centers where neoadjuvant therapy is considered a
standard of care for all patients except for those with very
early stage disease [13, 14]. On the other hand, in Eastern
gastric cancer centers, particularly in Japan and South
Korea, where neoadjuvant therapy is not yet considered a
standard of care, and for which only a small portion of
gastric cancer patients receive neoadjuvant therapy, this
issue is resultantly more difficult to assess.
This study’s strengths that allowed for good assessment

of therapeutic impact of greater nodal harvest on survival
and minimization of stage migration effect include the: 1)
large number of cases, 2) completeness of data and
follow-up, 3) performance in high-volume specialist center
with standardized treatment protocols, 4) adequacy of
lymph node retrieval for staging, and 5) subgroup categor-
ies according to AJCC stage. However, the limitation of
the study to a single Eastern institution may preclude
generalizability of results particularly in Western centers.

Conclusion
In a high-volume gastric cancer center with standardized
lymphadenectomy and retrieval of adequate number of
lymph nodes for staging, removal of greater number of
nodes may improve survival in patients with intermediate-
stage disease.
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