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Abstract: Background: This study aimed to elucidate the intensive effect of the number of positive niduses in ex-
tranodal soft tissues (PNESTs) on the overall survival of gastric cancer (GC) patients after curative gastrectomy.
Methods: The clinicopathological data of 961 GC patients were studied to determine whether increased number
of PNESTs was a high-risk factor for the dismal prognosis of GC patients. Results: Survival analyses revealed that
the number of PNESTs was negatively associated with the overall survival (OS) (P<0.001) and was an independent
prognostic predictor (HR=1.360, P<0.001) for the 961 GC patients. The number of PNESTs, with the smallest BIC
value (421.947, P=0.018), was identified as the most intensive independent predictor of prognosis for the 961 GC
patients. Correlation analyses showed that the pT stage, pN stage, pTNM classification, tumor size, and type of
gastrectomy were significantly related to the number of PNESTs, and that tumor size was the most closely relevant
factor in all included GC patients. These findings revealed that increased number of PNESTs was suitable to evalu-
ate the dismal prognosis of GC patients. Conclusions: The number of PNESTs is an important high-risk clinicopatho-
logical characteristic for improving the accuracy of prognostic evaluation of GC patients.
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Introduction

Gastric cancer (GC) is the second leading cause
of cancer-related deaths worldwide for more
than two decades, and the overall survival (0OS)
of GC patients remains dismal [1, 2]. The num-
ber of lymph node metastasis of GC is the one
of the most intensive prognostic predictors for
the OS of patients after surgery [3, 4]. To date,
the prognostic evaluation for GC patients is
commonly performed during the N stage, which
is based on the positive nodal count, compared
with the other categories of lymph node metas-
tasis. However, many researchers stated that
the positive niduses in extranodal soft tissues
(PNESTSs) should be redefined as an important
prognostic predictor, owing to the involvement
of primary tumor proliferation or the spreading
of lymphatic system. According to recent re-
ports, 10%-28% of GC specimens were revealed
by the PNESTs through a routine pathological

examination [5]. Tanabe et al. [6] reported that
esophageal squamous cell carcinoma patients
with PNESTs have a higher risk of recurrence,
and PNESTs are the most intensive negative
factor in evaluating the OS of patients after sur-
gery. Furthermore, PNEST patients with 1-3
metastatic lymph nodes exhibited a lower
5-year survival rate and a significantly higher
recurrence rate than the negative NEST (NN-
EST) patients with 1-3 metastatic lymph nodes.
Conversely, Greenberg et al. [7] reported that
oral tongue cancer PNEST patients with multi-
ple positive lymph nodes have shorter median
0S, lower disease-specific survival rate, and
smaller disease-free interval than PNEST pa-
tients with a single positive lymph node. Th-
erefore, the PNEST patients with the multiple
positive lymph nodes were recommended to
participate in the clinical trials to intensify their
regional controlling and systemic therapy. A
recent systematic review that includes 3250


http://www.ijcep.com

Number of positive niduses in extranodal soft tissues and gastric cancer

The number of PNESTSs
-0
-n1.2
3 or more

o
@
1

o
=3
1

P<0.001

o
=
1

Cumulative Overall Survival Probability
5

00 T T T T T T
0 20 40 60 80 100 120

Time after Surgery (months)

Figure 1. Survival curve of patients according to the
number of PNESTs subgroups.

GC patients showed that PNESTs are signifi-
cantly associated with a higher risk of all-cause
mortality, cancer-specific mortality, and dis-
ease recurrence compared with other clinico-
pathological characteristics [8].

Many investigators stated that PNEST should
be used as a negative predictor of the OS of
patients after gastrectomy; however, the spe-
cific contribution of PNESTSs to the prognosis of
GC remains unknown. Jiang et al. [9] found that
the existence of PNESTs, which represents the
aggressiveness of the tumor, is a significant
independent predictor of reduced disease-free
survival and OS in GC patients. Thus, PNESTs
should be incorporated into the N stage to
improve the accuracy of prognostic evaluation.
Chen et al. [10] also reported that PNEST
patients have more advanced primary tumor
and worse prognosis than NNEST patients,
which indicates that PNESTs should be consid-
ered as an essential supplementary to the TNM
classification for GC.

The correlation between the number of PNESTs
and the prognosis of GC patients is not yet
explained in any formally published article. In
the present study, we analyzed the clinicopath-
ological data and follow-up records of GC
patients to elucidate the detailed correlation
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between the number of PNESTs and the prog-
nosis of GC patients. In addition, we aim to
determine whether the number of PNESTs can
be used as a novel variable in improving the
precious staging of tumor and the accuracy of
the prognostic evaluation for patients.

Materials and methods
Patients

The eligible participants in this study include
patients aged 20 years or older who underwent
surgical resection for GC at the Gastric Cancer
Surgery Division, Tianjin Medical University
Cancer Hospital from March 2003 to December
2011. Patients were selected according to the
eligibility criteria: 1) patients with histologically
proven primary cancer of the stomach; 2)
patients without a history of gastrectomy or
other malignancies; 3) patients without any
non-curative surgical factors (such as distant
metastasis, positive peritoneal cytology, or
peritoneal dissemination); 4) patients with non-
esophagogastric junction tumor; 5) patients
with pathologically negative resection margins
(RO resection); and 6) patients who remained
alive during the initial hospital stay and during
the first postoperative month. After applying
these criteria, 961 GC patients were included
in the study.

Surgical management

All patients underwent standard RO resection.
Primary tumors were resected en bloc using
lymphadenectomy (D1, D2, or D2+) according
to the guidelines of the Japanese Gastric
Cancer Association [11]. Limited lymphadenec-
tomy (D1) entails the removal of the perigastric
nodes only, whereas extended lymphadenecto-
my (D2 or D2+) involves the removal of both
perigastric and extragastric nodes. The choice
of surgical procedure for gastrectomy (total
gastrectomy or subtotal gastrectomy) was
according to the attending surgeon’s prefer-
ence and was based on the gastric cancer
treatment guidelines in Japan [12].

Follow-up evaluation

After undergoing curative surgery, all patients
were required to follow up every 3 or 6 months
for 2 years and annually thereafter until death.
The median follow-up time for the entire cohort
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Table 1. Survival analysis of the 961 gastric cancer patients

5-YSR

Univariate Multivariate P

Characteristics Cases %) X2 value Pvalue value Hazard ratio (95% Cl)
Age 2.695 0.101
<65 yrs 614 28.7
>66 yrs 347 27.5
Gender 0.068 0.769
Male 688 279
Female 273 27.5
pT stage 72.410 <0.001 <0.001 1.219 (1.095-1.357)
Tla 9 66.7
T1b 17 64.7
T2 99 55.6
T3 53 37.7
T4a 742 23.0
T4b 41 6.0
pN stage 177.161 <0.001 <0.001 1.294 (1.215-1.377)
NO 306 45.8
N1 191 28.8
N2 236 21.2
N3a 159 11.9
N3b 69 13.0
pTNM classification 188.866  <0.001
la 21 714
Ib 62 59.7
lla 43 39.5
Ilb 224 42.0
Illa 162 24.7
b 228 18.9
lllc 221 8.1
Tumor size 35.045 <0.001
<4 359 37.3
>4 602 22.1
Tumor location 22.272 <0.001 0.020 1.080 (1.012-1.151)
Upper third 291 24.7
Middle third 89 32.6
Lower third 381 34.9
>2/3 stomach 200 21.0
Type of gastrectomy 62.247 <0.001 <0.001 0.796 (0.727-0.871)
Total 255 15.7
Proximal subtotal 252 25.0
Distal subtotal 454 36.1
Extent of lymphadenectomy 17.562 <0.001 <0.001 0.839 (0.779-0.903)
Less than D2 428 22.4
D2 or D2+ 533 321
No. of examined lymph nodes 0.026 0.872
<15 525 27.6
>16 436 28.0
Lauren classification 10.678 0.005
Intestinal 262 34.0
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Diffuse 636 24.2

Mixed 23 26.1
PNEST

Negative 608 36.2

Positive 353 13.3
The number of PNESTs

0 608 36.2

1-2 288 15.6

3 or more 65 7.7

120.904  <0.001 <0.001

<0.001

1.360 (1.201-1.541)

5-YSR 5-year survival rate.

Table 2. Akaike information criterion (AIC) and Bayesian information criterion (BIC) values test of prog-

nosis characteristics for the gastric cancer patients

AIC value BIC value -2 Log likelihood value P
pT stage 401.396 430.604 389.396 <0.001
pN stage 413.790 442.998 401.790 <0.001
Tumor location 387.245 416.453 375.245 0.743
Type of gastrectomy 398.781 427.989 386.781 0.001
Extent of lymphadenectomy 401.234 430.441 389.234 <0.001
The number of PNESTs 392.739 421.947 380.739 0.018

TNM tumor-node-metastasis.

was 39 months (range of 2-138 months). The
follow-up evaluation of all the patients included
in this study was completed in December 2016.
The OS rate was calculated from the day of sur-
gical resection until the time of death or final
follow-up. Ultrasonography, computed tomogra-
phy scans, chest X-rays, and endoscopy were
performed at every visit.

Statistical analysis

To determine the most appropriate cut-off val-
ues for continuous data variables, such as
tumor size and the number of PNESTSs, the cut-
point survival analysis [13] was adopted.
According to the result of the cut-point survival
analysis, the number of PNESTs intervals were
as follows: NNEST (PNEST=0), the number of
PNESTs between 1 and 2 (1<PNESTs<2), and
the number of PNESTs of more than 3
(PNESTs>3). Various clinicopathological factors
were analyzed using the method of Kaplan and
Meier, and the log-rank test was used to deter-
mine the univariate significance. The multivari-
ate analysis includes factors that were poten-
tially important for the univariate analysis
(P<0.05). Models of logistic regression or Cox
proportional hazards were used for the multi-
variate analysis. Hazard ratios and 95% confi-
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dence intervals were generated. Akaike infor-
mation criterion (AIC) and Bayesian IC (BIC)
values for each category were calculated to
measure the discriminatory ability within the
Cox proportional hazard regression model.
Smaller AIC or BIC value indicates a better
model for predicting outcomes [14, 15]. Sig-
nificance was defined as P<0.05. All statistical
analyses were performed using SPSS 22.0
software.

Results
General information

Analysis was performed on the data from 961
gastric cancer patients, including 688 men
(71.6%) and 273 women (28.4%). The mean
age of the patients was 60.13 + 11.53 years
(range of 20-84 years). The median OS of the
patients after curative surgery was 28 months.
PNESTs with a mean number of 0.7 + 1.37
(range 0-13) per patient were dissected for the
histopathological examination after surgery. All
patients were divided into three categories
according to the number of PNESTs: 608
patients had a NNEST (PNEST=0), 288 patients
had the number of PNESTs between 1 and 2
(1<PNESTs<2), and 65 patients had the num-
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Table 3. Correlation analyses between the number of positive niduses
in extranodal soft tissues (PNESTs) and other characteristics of the 961

gastric cancer patients

Characteristics

The number of PNESTs x? value P value

Cases 0 1-2 3 or more
Age 0.752 0.686
<65 yrs 614 383 187 44
>66 yrs 347 225 101 21
Gender 2,552 0.279
Male 688 445 196 47
Female 273 163 92 18
pT stage 79.806 <0.001
Tla 9 8 1 0
T1b 17 0 0 0
T2 99 94 5 0
T3 53 41 11 1
T4a 742 432 252 58
T4b 41 16 19 6
pN stage 155.874 <0.001
NO 306 267 34 5
N1 191 125 55 11
N2 236 131 87 18
N3a 159 59 82 18
N3b 69 26 30 13
pTNM classification 183.859 <0.001
la 21 21 0 0
Ib 62 59 3 0
Ila 43 38 5 0
Ilb 224 190 28 6
Illa 162 101 53 8
b 228 121 87 20
Illc 221 78 112 31
Tumor size 33.783 <0.001
<4 359 268 79 12
>4 602 340 209 53
Tumor location 8.835 0.183
Upper third 291 189 85 17
Middle third 89 56 25 8
Lower third 381 252 108 21
>2/3 stomach 200 1112 70 19
Type of gastrectomy 23.324 <0.001
Total 255 134 91 30
Proximal subtotal 252 166 74 12
Distal subtotal 454 308 123 23
Extent of lymphadenectomy 1.778 0.411
Less than D2 428 261 137 30
D2 or D2+ 533 347 151 35
No. of examined lymph nodes 3.463 0.177
<15 525 346 146 33
>16 436 262 142 32
Lauren classification 6.760  0.149
Intestinal 262 180 68 14
Diffuse 636 381 205 50
Mixed 14 8 1
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ber of PNESTs of more
than 3 (PNESTs>3).

Significant factor char-
acteristics associated
with OS of GC after
curative surgery

According to the uni-
variate analysis, the
following 10 clinicopa-
thological characteris-
tics were significantly
associated with 0S af-
ter the curative surgery
for the 961 patients
enrolled in the study:
pT stage (according to
the 7th-edition TNM cl-
assification), pN stage
(according to the T7th-
edition TNM classifica-
tion), pTNM classifica-
tion (according to the
7th-edition TNM clas-
sification), tumor size,
tumor location, type of
gastrectomy, extent of
lymphadenectomy, La-
uren classification, and
the number of PN-
ESTs (Figure 1; Table
1). According to the
multivariate  analysis
(Cox proportional haz-
ards model with Bo-
otstrap procedure), the
number of PNESTs was
an independent prog-
nostic predictor (HR=
1.360, P<0.001) for
the 961 GC patients;
other qualifying predic-
tors include the pT
stage (HR=1.219, P<
0.001), pN stage (HR=
1.294, P<0.001), tum-
or location (HR=1.080,
P=0.020), type of gas-
trectomy (HR=0.796 ,
P<0.001), and extent
of lymphadenectomy
(HR=0.839, P<0.001)
(Table 1).
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PNEST represents a statisti-
cal significance to the OS of
GC patients after curative re-
section. In this study, we fur-
ther revealed that the count of
PNESTs is potentially an inde-
pendent prognostic factor for
GC patients. Thus, PNESTs
should be meticulously vali-
dated for the subtle discrimi-
nations of the survival curves
of various subgroups of GC
patients. In theory, the quanti-
tative division of PNESTs
reflects the biological behav-
ior of the cancer cells, includ-
ing migration, invasion, prolif-
eration, chemotaxis, and ly-
mphangiogenesis. Therefore,
Etoh et al. [17] previously pro-
posed that PNEST should be
adopted in the TNM staging
system to improve the accu-
racy of the prognostic predic-
tion of GC.
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Figure 2. False PNESTs: With the continuous proliferation of cancer cells,

some perigastric nodes were destroyed and the normal configuration was
disrupted; thus, the positive lymph nodes were mistakenly identified as

PNESTSs.

Significant factors associated with the number
of PNESTSs after curative surgery for GC

According to the multinomial logistical regres-
sion analysis, the number of PNESTs, with the
smallest BIC value (421.947, P=0.018), was
the most intensive independent predictor of
prognosis for the 961 GC patients (Table 2).
Furthermore, according to the correlation anal-
yses between the number of PNESTs and other
characteristics of the patients, the factors
associated with the number of PNESTs include
the pT stage, pN stage, pTNM classification,
tumor size, and type of gastrectomy (Table 3).
Tumor size was identified as the most closely
relevant factor to the number of PNESTs in all
included GC patients.

Discussion

Alakus et al. [16] stated that PNEST is an inde-
pendent negative predictor of prognosis in GC
patients. Recently, Jiang et al. [9] also reported
that PNEST is closely associated with cancer
cell aggressiveness, and the presence of
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Although the TNM classifica-
tion is the optimal indicator in
evaluating the prognosis of
GC patients, further studies
showed that the prognosis of GC is interfered
by a variety of clinicopathological characteris-
tics [18, 19]. A large variation of the incidence
(between 10% and 28%) of PNEST was report-
ed in several retrospective investigations [5,
17]. However, no consensus was formed about
the rational explanation for the mechanisms of
the germination of PNEST in GC patients.

Two principal explanations are considered as
the potential mechanisms of PNESTs in cancer
cases. First, cancer cells depart from the pri-
mary lesion and then disseminate in the soft
tissues via the lymphatic vessels, blood circula-
tion, or serosal penetration. This explanation of
germination of PNESTSs is the oretically applica-
ble to patients with systematic spreading or dis-
tant metastasis, which indicates that the prog-
noses of patients are dismal. Furthermore,
cancer cells are detected in the perigastric
lymph nodes in minor patients with GC. With
the continuous proliferation of cancer cells,
some perigastric nodes are damaged and the
normal configuration is destroyed; thus, the
pathologists might mistakenly identify the posi-
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tive lymph nodes as PNESTs (Figure 2). Positive
lymph nodes are false PNESTs but are also sig-
nificantly associated with the prognosis of GC
patients.

In the present study, we showed a significant
correlation between PNESTs and pN stage in
the GC patients, revealing the necessity to
include the prognostic evaluation abilities of
various counts of PNESTs in the quantitative
analysis. Similar conclusions were proposed by
Etoh [17].

In this study, we initially analyzed the contribu-
tion and clinical applicability of the count of
PNESTs in the accurate evaluation of the OS of
GC patients. Among the clinicopathological
variables, the count of PNESTs was the most
intensive predictor in accurately evaluating the
0OS of all included GC patients after surgery.
The results of multinomial logistical regression
analysis also showed that the count of PNESTs
effectively improved the accuracy of OS predic-
tion of patients by using the BIC value calcula-
tion. As a comprehensive clinicopathological
factor in evaluating the OS of GC patients, the
number of PNESTs generally helps in the accu-
rate assessment of the patients’ prognosis and
in the selection of the potential optimal treat-
ment for patients. In the present study, all
included patients were strictly selected in
accordance with the standard RO resection
plus lymphadenectomy. Therefore, we believe
our results provide some positive information
for future studies. The limitation of the present
study is the relatively small number of patients.
A subsequently large scale and multi-center
clinical study will be conducted to further con-
firm the correlation between the number of
PNESTs and the prognosis of GC patients.
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