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Background: Accumulating evidence has confirmed the potential prognostic value of examined lymph
nodes (ELNs) in patients with gastric cancer (GC). However, there is currently no consensus on the
threshold ELN number for predicting both stage migration and long-term survival, especially in patients
with stage III GC. This study aimed to validate the need to increase the ELN count to improve its
prognostic accuracy in node-negative patients with stage III GC after curative gastrectomy.

Methods: This retrospective, population-based study analyzed the clinical data of 84 patients with node-
negative stage III GC from three high-volume institutions in China and 196 cases from the Surveillance,
Epidemiology and End Results (SEER) program registry. The optimal number of ELNs was determined
by receiver operating characteristic (ROC) curve analysis. Clinicopathological characteristics significantly
related to survival were evaluated using the Kaplan-Meier method and Cox proportional hazards analysis.
Stratified analyses were adopted to assess the prognostic predictive ability of the identified optimal number
of ELNs in different populations. Survival differences among subgroups were analyzed to assess the impact
of ELN count on stage migration according to overall survival (OS) among GC patients.

Results: The optimal number of ELNs was >31 according to ROC analysis of patients with node-negative
stage III GC who underwent gastrectomy. Multivariate analysis identified ELNs as an independent predictor
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of postoperative OS in patients with node-negative stage III GC in both the Chinese cohort [hazard ratio (HR)
0.235; P<0.001] and the SEER cohort (HR 0.421; P<0.010). Stratified analysis demonstrated that >31 ELNs

was a prerequisite for accurate prognostic evaluation of patients with node-negative stage III GC, regardless

of sex, tumor size, and other factors. Stage migration between pT4bNOMO and pT4bN1MO was detected in

patients with >31 ELNs. A nomogram was created to predict OS among patients with node-negative stage
IIT GC. These results were validated using data from the SEER cohort.
Conclusions: The number of ELNs was significantly associated with prognosis in patients with stage IIT

GC after gastrectomy with systemic lymphadenectomy in both the Chinese and SEER cohorts. The results

suggest that >31 ELNs are required for an accurate prognostic evaluation in patients with GC, especially

those with node-negative stage ITII GC.
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Introduction

Gastric cancer (GC) is the second-leading cause of cancer-
related death, with the highest mortality rates occurring
in East Asia (1). Recent advances in screening systems
and endoscopic instruments have allowed diagnosis of
more patients at an early stage, and minimally invasive
treatment administered to patients with early GC can yield
a favorable prognosis (2,3). However, many patients still
have advanced GC at the time of diagnosis, and despite
advances in treatment strategies, the prognosis for stage III
GC remains poor (4). We therefore focused on stage III
GC, which accounts for approximately 50% of all cases of
GC diagnosed in China.

The best treatment for advanced GC is generally
considered to be radical gastrectomy with systematic
lymph node (LN) dissection and adjuvant therapy (5,6).
LN involvement is one of the most important features
determining the adjuvant treatment strategy and the
long-term survival of patients with resectable GC. LN
management is also a key factor in assuring precise
nodal staging, both by identifying LN involvement and
determining the extent of disease and in terms of the
therapeutic effect of clearing potential LN metastatic
(LNM) lesions. The number of examined LNs (ELNs) is
significantly associated with LNM, and a higher number
of ELNSs is generally considered to indicate a higher
number of LNMs (7-9). Previous studies also showed
that node-negative cohorts with fewer ELNs may include
some patients with node-positive disease (10,11). A higher
number of ELNs was associated with more accurate staging
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and stage migration, and improved harvesting of LNs may
lead to reclassification of some individuals from node-
negative to node-positive (12,13).

In light of these considerations, we aimed to analyze the
associations between ELN number and long-term survival
among patients with resected node-negative stage III GC.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1358a) (14).

Methods
Patients

Chinese multi-institutional data

We retrospectively collected the clinical data of
8,884 patients who underwent gastrectomy for GC at
three Chinese institutions between January 1, 2000 and
December 31, 2011. The inclusion criteria were as follows:
(D histological diagnosis of primary cancer of the stomach;
(II) no history of gastrectomy or other malignancy; (1II)
no non-curative surgical factors (such as distant metastasis,
positive peritoneal cytology, or peritoneal dissemination);
(IV) no esophagogastric junction tumor; (V) pathologically
negative resection margins (RO resection); (VI) underwent
D2 or D2 plus lymphadenectomy according to Japanese
Gastric Cancer Treatment Guideline 2010, Version 3; (VII)
patients who remained alive during the initial hospital stay
and the first postoperative month; (VIII) no preoperative
treatment; and (IX) pathological stage III GC according to
the eighth American Joint Committee on Cancer (AJCC)
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TNM classification. Patients with gastric stump cancer
and patients with missing or insufficient data for ELNs,
pathological findings, or macroscopic tumor size were
excluded. All procedures were conducted in accordance
with the Declaration of Helsinki (as revised in 2013) (15).

Ethical approval was obtained from the institutional
review board of the Tianjin Medical University Cancer
Institute & Hospital (No: bc2018037). Primary tumors
were resected en bloc via lymphadenectomy, in accordance
with the guidelines of the Japanese Gastric Cancer
Association (16), with surgical procedures mainly
carried out in accordance with the Japanese Gastric
Cancer Treatment Guidelines (17). Surgical experts who
routinely carry out standard gastrectomy at each of the
medical centers performed all the surgeries. LNs were
harvested during surgical resection of GC and examined
postoperatively by pathologists. ELN counts in the registry
were generated by adding the surgeons’ intraoperative
harvested LN count to the number of LNs identified
postoperatively by pathologists. All enrolled patients were
staged according to the TNM classification for GC (eighth
edition). Moreover, all specimens were analyzed by two
professional pathologists in each institution, and different
opinions were resolved through discussion to establish the
ultimate diagnosis results (18).

All patients received standard follow-up, including
laboratory and clinical examinations after discharge from
the hospital every 3 months for the first 3 years, every
6 months during the fourth and fifth years, and once a year
thereafter until the patient died or until the date of last
follow-up (December 2016). Three doctors in each medical
center are responsible for follow-up and recording of
patients’ information.

Surveillance, Epidemiology, and End Results (SEER)
database

The SEER cohort was derived from the SEER database
(November 2016 submission) using SEER*Stat software
(National Cancer Institute). All patients with GC
who underwent gastrectomy from 2004 to 2011 were
identified (19). Patients with incomplete or missing
information on depth of invasion, LN status, or status of
distant metastasis were excluded. Patients were uniformly
reviewed and restaged according to the eighth edition of the
TNM classification.

Stage migration
Nodal stage migration refers to the change in stage
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distribution in a particular cancer population, possibly as
a result of using a more sensitive method for detecting
involved LNs (20). In this study, stage migration was
defined as: (I) no statistically significant survival differences
detected in several subgroups of patients with insufficient
ELNs in the specific pTNM stages; (II) statistically
significant survival differences detected in several subgroups
of patients with sufficient ELNs in the specific pTINM
stages.

Statistical analysis

The primary endpoint of this study was evaluation of
the prognostic significance of the number of ELNs in
patients with node-negative pathological stage III GC who
underwent curative resection. The secondary endpoints
were determination of the optimal cut-off value for
the number of ELNs for predicting prognosis, and its
significance in various subgroups. The optimal cut-off
value of ELNs to predict 5-year postoperative survival
was determined via receiver operating characteristic
curve (ROC) analysis. Clinicopathological characteristics
significantly related to patient survival were evaluated
using the Kaplan-Meier method and Cox proportional
hazards analysis. Stratified analyses were used to evaluate
the prognostic predictive ability of the optimal number of
ELNs in different subgroups, and to demonstrate stage
migration in accordance with the different ELN values. A
nomogram was further applied to predict overall survival
(OS) of patients with node-negative stage III GC based
on the predictive model. Details of GC cases in the SEER
database were extracted using SEER*Stat version 8.3.6.
Statistical analyses were performed using SPSS version
22 (SPSS Inc., Chicago, IL, USA), R version 3.6.1, and
GraphPad Prism 8.0.2. All tests were two-sided and P<0.05
was considered statistically significant.

Results
Patients clinicopathological features and optimal ELN cut-off

Regarding patients from the Chinese institutions, we
collected the clinical data of 8,884 patients who underwent
gastrectomy for GC. After applying the inclusion and
exclusion criteria, 2,942 patients with stage III GC were
analyzed and 84 node-negative patients from the Chinese
database were considered eligible (median age, 59 years;
range, 34-79 years) (Figure 1A4). Regarding the SEER
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Figure 2 Distribution of the number of examined lymph nodes in the China registry and the SEER database. ELNSs, examined lymph nodes;

SEER, Surveillance, Epidemiology, and End Results.
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Figure 3 Receiver operating characteristic (ROC) curve analysis
of the numbers of ELNs associated with 5-year mortality after
surgery in node-negative stage III patients. ELNs, examined lymph
nodes; SEER, Surveillance, Epidemiology, and End Results.

database, a total of 167,747 patients were initially included.
After excluding patients with missing information, data for
3,968 stage pIll GC patients were analyzed, and 196 node-
negative patients from 18 SEER registries were eligible
(median age, 69 years; range, 33-92 years) (Figure 1B). The
median follow-up was 27 months for Chinese database
(range, 2-126 months) and 25 months for SEER database
(range, 2-147). The distribution of the number of ELNs
differed between the two cohorts (Figure 2). The Chinese
cohort had a larger number of ELNs (median, 24; range,
3-82) than the SEER cohort (median, 12; range, 1-79).
Therefore, the Chinese database was defined as the training
cohort and the SEER database as the external validation
cohort.

© Annals of Translational Medicine. All rights reserved.

ROC analysis of patients in the Chinese cohort who
underwent gastrectomy for stage III node-negative GC
revealed that >31 ELNs had the largest influence on
prognosis 5 years after surgery (Figure 3), and 31 was
therefore set as the optimum discriminative cut-off for
the number of ELNs. The patients in the Chinese and
SEER cohorts were classified into groups with <31 ELNs
(n=55 and 180, respectively) and >31 ELNs (n=29 and 16,
respectively) according to the optimal ELN cut-off.

Survival analyses of patients with node-negative stage 111 GC

In this retrospective, population-based study, we used
the SEER cohort to validate the association between the
number of ELNs and OS determined in the Chinese
cohort. Univariate analysis identified age, tumor size,
Lauren classification, type of gastrectomy, and ELN
clinicopathological characteristics as significantly associated
with OS after curative surgery in the 84 node-negative
patients in the Chinese cohort (Table 1, Figure 4). Age and
ELNs were also significantly associated with OS in the
196 node-negative patients in the SEER cohort (Table 2,
Figure 5). All five characteristics were included in a
multivariate Cox proportional hazards model (forward
stepwise procedure) to adjust for the effects of covariates
in the Chinese cohort. ELNs [hazard ratio (HR) 0.235;
P<0.001], age (HR 1.720; P=0.049), tumor size (HR 2.012;
P=0.034), and type of gastrectomy (HR 0.699; P=0.042)
were identified as independent predictors for OS in
postoperative patients with node-negative stage III GC
(Table 1). Age, ELNs, tumor size, and Lauren classification
were included in the multivariate analysis in the SEER
cohort, and ELNs (HR 0.421; P<0.010) and age (HR 1.584;
P=0.008) were identified as independent predictors for OS
in postoperative node-negative patients (Zable 2).

Ann Transl Med 2020;8(17):1075 | http://dx.doi.org/10.21037/atm-20-1358a



Page 6 of 16

Zhang et al. Prognostic value of ELN in GC

Table 1 Clinicopathologic variables and univariate analysis of the Chinese training cohort of node-negative stage III gastric cancer patients

) No. of 3-year OS 5-year OS Univariate analysis Multivariate analysis
Population ;
patients (%) (%) P value HR (95% CI) P value
Gender 0.456
Female 18 27.8 16.8
Male 66 40.9 22.7
Age, years 0.016 0.049
<60 40 50 27.5 1 (Ref.)
>60 44 27.3 15.9 1.720 (1.013-2.961)
Tumor size, cm 0.006 0.034
<4 19 63.2 47.7 1 (Ref.)
>4 65 30.8 13.8 2.012 (1.006-4.024)
Tumor location 0.854
Upper third 26 38.5 23.2
Middle third 16 31.3 18.8
Lower third 29 44.8 241
>2/3 stomach 13 30.8 15.4
Lauren classification 0.034 0.265
Intestinal 43 44.2 30.2 1 (Ref.)
Diffuse 41 31.7 12.2 1.344 (0.800-2.258)
Type of gastrectomy 0.016 0.042
TG 33 15.2 121 1 (Ref.)
DG 35 48.6 22.9 0.542 (0.302-0.972)
PG 16 62.5 37.5 0.450 (0.213-0.951)
ELNs <0.001 <0.001
ELNs <31 55 21.8 5.5 1 (Ref.)
ELNs >31 29 69.0 51.7 0.235 (0.125-0.444)

No., number; OS, overall survival; HR, hazard ratio; 95% Cl, 95% confidence interval; Ref, reference; TG, total gastrectomy; PG, proximal

gastrectomy; DG, distal gastrectomy; ELNs, examined lymph nodes.

Subgroup analyses of node-negative patients

We carried out subgroup analyses using the Kaplan-Meier
method to clarify the prognostic predictive ability and
clinical significance of the number of ELNs in patients
with node-negative stage III GC (Tubles 3,4). We compared
the prognoses between patients with <31 and >31 ELNs
among patients stratified by sex, age at surgery, tumor
size, tumor location, Lauren classification, and type of
gastrectomy in the Chinese cohort. Patients with >31 ELNs
had significantly better OS rates (e.g., 3- and 5-year OS)

© Annals of Translational Medicine. All rights reserved.

and higher mortality (HR 0.235, P<0.001) compared with
patients with <31 ELNSs. Similar findings were observed in
patients stratified as follows: female (HR 8.255, P=0.054),
male (HR 3.020, P=0.001), age <60 years (HR 4.616,
P=0.001), age >60 years (HR 3.653, P=0.002), tumor <4 cm
(HR 10.849, P=0.001), tumor >4 cm (HR 2.795, P<0.001),
upper third (HR 9.966, P=0.036), lower third (HR 5.571,
P<0.001), intestinal GC (HR 2.784, P=0.005), diffuse GC
(HR 3.952, P=0.003), total gastrectomy (T'G) (HR 3.376,
P=0.013), and distal gastrectomy (DG) (HR 5.597, P<0.001)

Ann Transl Med 2020;8(17):1075 | http://dx.doi.org/10.21037/atm-20-1358a
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Figure 4 Survival curves of patients in Chinese training cohort according to subgroups: (A) age at surgery; (B) type of gastrectomy; (C)

ELNs; (D) tumor size. ELNs, examined lymph nodes.

(1able 3, Figure 6). This was also true for patients in the
SEER cohort stratified according to sex, age at surgery,
tumor size, tumor location, and Lauren classification
(P<0.05): female (HR 2.778, P=0.037), male (HR 8.667,
P=0.035), age >60 years (HR 3.886, P=0.011), tumor
>4 cm (HR 3.211, P=0.015), lower third (HR 3.536,
P=0.026), >2/3 stomach (HR 4.203, P=0.035), intestinal GC
(HR 7.768, P=0.015), and diffuse GC (HR 4.158, P=0.034
(1able 4, Figure 7).

These results demonstrated that >31 ELNs was a
prerequisite for accurate evaluation of prognosis in patients
with node-negative stage III GC.

Stage migration in patients with stage III node-negative GC

All 84 stage III node-negative (pNO stage) patients and 437
patients with pN1 stage from the Chinese institutions were
included in the stage migration analysis using the log-rank
test. There was no significant difference in survival between
pT4bNOMO and pT4bN1MO stage GC among patients
with <31 ELNs (Figure 84, P=0.116). Conversely, there
was a significant survival difference between these stages
in patients with >31 ELNs (Figure 8B, P=0.038), indicating
that >31 ELNs might result in stage migration of patients
with pT4bNOMO GC. Therefore, >31 ELNSs could be
considered as an indispensable prerequisite for guaranteeing

© Annals of Translational Medicine. All rights reserved.

accurate pathological staging and precise prognostic
evaluation in patients with node-negative stage 111 GC.

Nomogram analysis of patients with node-negative GC

To predict OS among node-negative patients with stage
IIT GC, we further applied the independent risk factors
identified by multivariate analysis to nomogram analysis in
Chinese cohort (Figure 9).

Discussion

The number of ELNs is considered an independent
prognostic factor in multiple cancers (21-23). Previous
studies showed that a greater number of ELNs was
associated with more precise nodal staging, which could
largely explain the survival association (24,25). Furthermore,
we previously demonstrated that an insufficient number
of ELNs might be a potential risk factor for postoperative
recurrence in patients with GC, including node-negative
patients (26-28). Although the AJCC recommends a
minimum of 15 ELNSs, there is currently no consensus on
the association between ELN count and survival or on the
threshold number of ELNs to address both stage migration
and long-term survival in GC, especially stage I1I GC.

In this study, we analyzed the association between ELN

Ann Transl Med 2020;8(17):1075 | http://dx.doi.org/10.21037/atm-20-1358a
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Table 2 Clinicopathologic variables and univariate analysis of the SEER cohort of node-negative stage III gastric cancer patients

) No. of 3-year 5-year Univariate analysis Multivariate analysis
Population ;
patients 0S (%) 0S (%) P value HR (95% CI) P value
Gender 0.913
Female 76 35.0 29.8
Male 120 36.8 30.1
Age, years 0.011 0.008
<60 66 45.5 40.3 1 (Ref.)
>60 130 30.8 26.9 1.584 (1.105-2.269)
Tumor size, cm 0.184 0.591
<4 42 38.1 33.2 1 (Ref.)
>4 120 37.5 34.8 1.006 (0.701-1.020)
unknown 34 26.5 17.6 1.283 (0.775-2.124)
Tumor location 0.570
Upper third 23 26.1 21.7
Middle third 24 45.8 417
Lower third 86 36.0 30.9
>2/3 stomach 31 32.3 22.6
Unknown 32 37.5 33.8
Lauren classification 0.120 0.216
Intestinal 65 41.5 34.9 1 (Ref.)
Diffuse 125 31.2 28.0 1.284 (0.896-1.840)
unknown 6 66.7 50.0 0.671 (0.191-1.998)
ELN 0.017 0.010
ELN <31 180 33.0 29.0 1 (Ref.)
ELN >31 16 71.4 64.3 0.421 (0.184-0.964)

No., number; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; Ref, reference; ELNs, examined lymph nodes;
SEER, Surveillance, Epidemiology, and End Results..

100 1 Age, years 100 - ELNs
90 - — <60

80 — >60 log-rank P=0.017
70 4 log-rank P=0.011

Survival rate (%)
Survival rate (%)

0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time after surgery (month) Time after surgery (month)

Figure 5 Survival curves of patients in SEER cohort according to subgroups: (A) age at surgery; (B) ELNs. ELNSs, examined lymph nodes;
SEER, Surveillance, Epidemiology, and End Results.
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Table 3 Subgroup analyses of optimal cutoff value in different population sets of Chinese cohort
Population No. of patients (%) 3-year OS (%) 5-year OS (%) HR (95% Cl) P value
Female 0.054
ELNs >31 5(27.8) 80.0 60.0 1 (Ref.)
ELNs <31 13 (72.2) 22.6 0 8.255 (0.868-70.375)
Male 0.001
ELNs >31 24 (36.4) 62.5 45.8 1 (Ref.)
ELNs <31 42 (63.6) 28.6 7.1 3.020 (1.593-5.723)
Age <60 years 0.001
ELNs >31 15 (37.5) 80.0 60.0 1 (Ref.)
ELNs <31 25 (62.5) 32.0 8.0 4.616 (1.843-11.557)
Age >60 years 0.002
ELNs >31 14 (31.8) 57.1 42.9 1 (Ref.)
ELNs <31 30 (68.2) 13.3 3.3 3.653 (1.593-8.378)
Tumor <4 cm <0.001
ELNs >31 9 (47.4) 88.9 77.8 1 (Ref.)
ELNs <31 10 (52.6) 30.0 10.0 10.849 (2.209-53.275)
Tumor >4 cm 0.001
ELNs >31 20 (30.8) 55.0 35.0 1 (Ref.)
ELNs <31 45 (69.2) 20.9 4.4 2.795 (1.480-5.275)
Upper third 0.036
ELNs >31 5(19.2) 80.0 60.0 1 (Ref.)
ELNs <31 21(80.8) 28.6 14.3 9.966 (2.185-45.449)
Middle third
ELNs >31 9 (56.2) 33.3 33.3 1 (Ref.)
ELNs <31 7 (43.8) 28.6 0 2.273 (0.751-6.880) 0.130
Lower third <0.001
ELNs >31 12 (41.4) 83.3 50.0 1 (Ref.)
ELNs <31 17 (58.6) 17.6 5.9 5.571 (2.005-15.484)
>2/3 stomach 0.395
ELNs >31 3(23.1) 33.3 33.3 1 (Ref.)
ELNs <31 10 (76.9) 30.0 10.0 1.867 (0.401-8.688)
Intestinal 0.005
ELNs >31 20 (46.5) 65.0 50.0 1 (Ref.)
ELNs <31 23 (563.5) 26.1 13.0 2.784(1.786-5.998)

Table 3 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 3 (continued)

Zhang et al. Prognostic value of ELN in GC

Population No. of patients (%) 3-year OS (%) 5-year OS (%) HR (95% ClI) P value
Diffuse 0.003
ELNs >31 9(17.9) 66.7 44.4 1 (Ref.)
ELNs <31 32 (82.1) 21.9 3.1 3.952 (1.489-10.491)
TG 0.013
ELNs >31 12 (36.4) 62.9 62.9 1 (Ref))
ELNs <31 21 (63.6) 16.3 16.3 3.376 (1.210-11.537)
PG 0.235
ELNs >31 5(31.2) 80.0 60.0 1 (Ref.)
ELNs <31 11 (68.8) 58.4 29.2 2.578 (0.511-13.015)
DG <0.001
ELNs >31 12 (34.3) 83.3 58.3 1 (Ref.)
ELNs <31 23 (65.7) 30.4 4.3 5.597 (2.035-15.396)

No., number; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; ELNs, examined lymph nodes; Ref, reference; TG;
total gastrectomy; PG, proximal gastrectomy; DG, distal gastrectomy.

Population
Female
Male
Age <60 years
Age > 60 years
Tumor size <4 cm
Tumor size >4 cm
TG
PG
DG
Intestinal
Diffuse
Upper third
Middle third
Lower third
> 2/3 stomach

1 "

Hazard ratio (95% CI)

x 8.255 (0.868-70.375)
—_— 3.020 (1.593-5.723)

—_— 4.616 (1.843-11.557)
_— 3.653 (1.593-8.378)
~ 10.849 (2.209-53.275)
—_— 2.795 (1.480-5.275)
_ 9.966 (2.185-45.449)
~ 2.273 (0.751-6.880)
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Figure 6 Forest plot of overall survival (OS) of the Chinese training cohort . Subgroup analyses of OS of the Chinese training cohort were

performed using patient baseline characteristics.

number and long-term survival of patients with resected number of ELNs and the prognosis of patients with node-
node-negative stage III GC. All the ELNs were negative, negative stage III GC after gastrectomy with systemic
which was previously identified as a factor positively lymphadenectomy. An optimal cut-off value of 31 ELNs was
associated with prognosis in GC (29-32). The current determined in the Chinese training cohort and validated in
results demonstrated a significant association between the the SEER cohort, with good ability to discriminate survival

© Annals of Translational Medicine. All rights reserved.
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Table 4 Subgroup analyses of optimal cutoff value in different population sets of SEER cohort

Population No. of patients (%) 3-year OS (%) 5-year OS (%) HR (95% Cl) P value

Female 0.037
ELNs >31 10 (13.2) 70.0 60.0 1 (Ref.)
ELNs <31 66 (86.2) 31.8 25.7 2.778 (1.004-7.741)

Male 0.035
ELNs >31 6 (5.0) 83.3 83.3 1 (Ref.)
ELNs <31 114 (95.0) 32.5 29.7 8.667 (1.206-62.708)

Age <60 years 0.161
ELNs >31 6 (9.1) 83.3 66.7 1 (Ref.)
ELNs <31 60 (90.9) 1.7 38.1 1.845 (0.569-5.983)

Age >60 years 0.011
ELNs >31 10 (7.7) 70.0 70.0 1 (Ref.)
ELNs <31 120 (92.3) 27.5 23.3 3.886 (1.229-12.289)

Tumor <4 cm 0.193
ELNs >31 3(7.1) 66.7 66.7 1 (Ref.)
ELNs <31 39 (92.9) 33.3 30.6 3.433 (0.466-25.433)

Tumor >4 cm 0.015
ELNs >31 13 (10.8) 76.9 69.2 1 (Ref.)
ELNs <31 107 (89.2) 32.7 30.7 3.211 (1.173-8.795)

Upper third 0.282
ELNs >31 2(8.7) 50.0 50.0 1 (Ref.)
ELNs <31 21 (91.3) 23.8 19.0 2.862 (0.378-21.673)

Middle third 0.580
ELNs >31 2 (8.3 50.0 50.0 1 (Ref.)
ELNs <31 22 (91.7) 40.9 40.9 1.723 (0.390-7.618)

Lower third 0.026
ELNs >31 6(7.0) 83.3 83.3 1 (Ref.)
ELNs <31 80 (93.0) 325 27.2 3.536 (1.107-12.289)

>2/3 stomach 0.035
ELNs >31 4(12.9) 50.0 50.0 1 (Ref)
ELNs <31 27 (87.1) 25.9 18.5 4.203 (0.976 -18.097)

Intestinal 0.015
ELNs >31 7 (10.8) 85.7 85.7 1 (Ref.)
ELNs <31 58 (89.2) 36.2 30.8 7.768(1.066-56.635)

Diffuse 0.034
ELNs >31 7 (5.6) 71.4 71.4 1 (Ref)
ELNs <31 118 (94.4) 28.8 25.4 4.158 (1.023-16.898)

No., number; OS, overall survival; HR, hazard ratio; 95% ClI, 95% confidence interval; ELNs, examined lymph nodes; Ref, reference; TG;
total gastrectomy; PG, proximal gastrectomy; DG, distal gastrectomy; SEER, Surveillance, Epidemiology, and End Results.
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Figure 7 Forest plot of overall survival (OS) of the Surveillance, Epidemiology, and End Results (SEER) database cohort. Subgroup analyses
of OS of the SEER cohort were performed using patient baseline characteristics.
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Figure 8 (A) Survival curves of the different subgroups of patients according to pTINM stage when the ELNs <31; (B) survival curves of the
different subgroups of patients according to pTNM stage when the ELNs >31. ELNs, examined lymph nodes.

probabilities. The number of ELNs (<31 versus >31) was
also shown to be an independent prognostic factor in node-
negative patients. This study further indicated that patients
with node-negative GC and <31 ELNSs had significantly
poorer OS rates and a higher risk of mortality than patients
with >31 ELNs in both cohorts, irrespective of multiple
clinicopathological factors.

Examination of more LNs is known to reduce the risk
of undetected positive LNs, allowing the more thorough
elimination of remnants and proper delivery of adjuvant
chemotherapy to improve long-term survival, particularly
in node-negative patients. Harvesting of a lower number
of LNs increases the likelihood of missing positive
nodal disease, potentially resulting in understaging and
inappropriate patient selection for adjuvant systemic
therapy. However, there is no consensus on the mechanisms
responsible for the better survival associated with a higher

© Annals of Translational Medicine. All rights reserved.

number of ELN.

Previous studies showed that the better survival of
patients with a higher number of ELNs may be secondary
to stage migration and better patient selection for adjuvant
systemic therapy (32-34). Zhao et 4l. (35) recommended >25
ELNs in patients with advanced GC and demonstrated that
the AJCC recommendation of =15 ELNs was insufficient
for determining the N stage. Woo ez a/. (36) further pointed
out that >29 ELNs was associated with a maximum survival
advantage in patients with GC undergoing surgery, using
the SEER database and a Korean database of 25,289
patients with GC. A higher LN harvest can potentially
prevent understaging by shifting patients from a lower to
a higher TNM stage. Furthermore, the number of ELNs
reflects the actual number of LNs removed surgically as
well as the number of LNs identified and examined during
macroscopic and microscopic pathological analyses. The
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Figure 9 A nomogram established for predicting 3- and 5-year
survival. The nomogram was developed in the training group by
incorporating the following parameters: age (years), ELNs, tumor

size (cm), type of operation. ELNSs, examined lymph nodes.

number of ELNs after surgery could be affected by an
insufficient lymph node dissection or destruction of LN
integrity during surgery. Furthermore, surgical procedures,
assessments, and enumeration of LNs vary among regions,
surgeons, laboratories, and pathologists. Some researchers
have pointed out that LN harvest may also be a proxy for
the quality of the surgical resection, accounting for the
better outcomes (37). Postoperative examination of an
inadequate number of retrieved LNs may also result in
inadequate staging and subsequent treatment (28,33). In
comparison to pathologists, surgeons are more familiar
with the anatomical location of LNs, the direction of LN
drainage, and the location of LN metastases corresponding
to different resection areas. Submission of ELNs by skilled
surgeons may thus reduce human error in the number of
ELNS.

Alternatively, a higher number of LNs indicates a
stronger immune reaction to the tumor, which is a well-
known predictor of better prognosis. Large amounts of
perigastric lymphoid tissue may be associated with greater
barriers to defense against metastasis and robust tumor
immunity, and patients with fewer retrieved LNs may
thus have lower barriers to defense against metastasis and
diminished tumor immunity. LN size and morphology are
modified by immune responses (38-40). Distension and
prominence of the lymphatic sinusoids may be related to
the host immune response against neoplastic cell products.
Once the immune system detects a tumor, the antitumor

© Annals of Translational Medicine. All rights reserved.
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immune response causes LN enlargement, thus improving
their detectability by surgeons and pathologists. Patients
with more ELNs may thus have a better prognosis due to
a more robust immune response. The current study was
based on real-world patient data, and we cannot rule out
the possibility of a positive correlation between the immune
response and ELN.

This study had certain limitations. Our training cohort
was based on a Chinese population database and the
applicability of the results in terms of the optimal number
of ELNs to populations from other countries has yet to be
validated. Furthermore, the treatment protocol for locally
advanced GC of the same TNM category differs between
Asian and Western cancer centers, and may explain the
lower 5-year OS rate in the SEER cohort compared with
the Chinese cohort. Neoadjuvant therapies followed by
radical resection (including D1 or D1+ lymphadenectomy)
are conventionally used in Western countries, while radical
surgery (D2 or D2+ lymphadenectomy) followed by
adjuvant therapy is primarily considered in Asian cancer
centers. We therefore used the SEER database for external
validation of the proposed optimal number of ELNs. In
addition, to the best of our knowledge the sample size
for the training cohort was based on the three highest-
volume GC centers across North and South China and was
the largest among all such previous studies. This further
supports the reliability of the present results. However,
although the patients came from the three highest-volume
GC centers across North and South China, the sample
size was still relatively small and further studies with larger
sample sizes are required to confirm the present findings.

Conclusions

Using large cohorts of patients from multiple Chinese
institutions and the SEER database, we demonstrated that
the number of ELNs was an independent prognostic factor
in patients with stage III node-negative GC. More than 31
ELNSs was associated with better survival and is therefore
proposed as recommended practice for patients with stage
IIT GC, especially node-negative patients. This number of
ELNs demonstrated superior stratification and prognosis
prediction abilities, suggesting high potential for clinical
application in different populations.
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