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Objective Lymph node (LN) metastasis is widely accepted as a poor prognosis indicator in patients with gastric cancer. An
accurate preoperative prediction of LN status is of crucial importance for the planning treatment. The aim of the present study
was to assess the predictive value of the preoperative platelet/lymphocyte (PLR) and neutrophil/lymphocyte rates (NLR) on the LN
metastasis in gastric cancer patients and to develop a new preoperative score system to predict LN metastasis.
Patients and methods A total of 492 operable patients with gastric cancer were enrolled in our study. The clinical utility of the
PLR and NLR was evaluated by receiver operating characteristic (ROC) curves. The logistic analysis was used to identify the
independent parameters associated with LN metastasis. Then, a score system including those independent parameters that can
be detected preoperatively was established, which was also tested by an ROC curve.
Results The ideal cutoff values for predicting LN metastasis were 1.59 for NLR and 155.67 for PLR according to the ROC curve.
Multivariate analyses showed that both PLR and NLR are significantly associated with LN metastasis independent of depth of
invasion, lymphatic invasion, macroscopic type, and tumor size. The area under the ROC curve of the score system was 0.830
(95% confidence interval 0.782–0.878), showing a reliable ability to evaluate the status of nodal involvement.
Conclusion Preoperative PLR and NLR are useful biomarkers to predict LN metastasis and the score system in our study may
serve as a reliable instrument to predict LN metastasis in gastric cancer patients. Eur J Gastroenterol Hepatol 28:493–502
Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Gastric cancer is a common malignant tumor of the gas-
trointestinal tract and is considered a major public health
threat worldwide, with about 1 million new patients diag-
nosed each year, ranked the second most common cause of
cancer-related mortality because of its poor prognosis [1–3].
In most countries, the 5-year survival rates of gastric cancer
are about 20% because of the lacking of screening programs
[1,2]. Among all the prognostic factors related to gastric
cancer, it is well known that lymph node (LN) metastasis is
confirmed to be an independent prognostic indicator [4,5].
Clinically, the prediction of nodal involvement is a key point
for identifying a reasonable treatment strategy.

Recently, neoadjuvant therapy has been proposed as a new
treatment standard for certain gastric cancer patients, especially

for those with LN metastasis [6,7]. Even though controversies
exist on the optimal timing and regimens of neoadjuvant
therapies, the beneficial effects of this strategy, such as pre-
operative chemotherapy or chemoradiotherapy, have been
proved in some randomized-controlled trials (RCTs) [8–10].
The current National Comprehensive Cancer Network guide-
lines have also recommended a previous option of periopera-
tive chemotherapy or an alternate approach of preoperative
chemoradiotherapy for LNs-positive patients [11]. There is no
doubt that the accuracy of preoperative prediction of LN status
will affect the selection of this treatment.

Nowadays, although several imaging techniques, such
as endoscopic ultrasonography (EUS), computed axial
tomography, and MRI, are used to evaluate nodal status in
gastric cancer patients, all have limited success because of
their widely inconsistent sensitivities and specificities
reported in different studies [12–14]. Several researches
have also succeeded in finding some novel molecular bio-
markers to detect nodal involvement in gastric cancer
patients [15,16]. However, their clinical applications are
unrealistic because of their high cost, complicated personal
allocation, and technology. Therefore, to date, no con-
venient, reproducible, and useful preoperative biomarkers
have been reported to accurately predict nodal involve-
ment in gastric cancer patients.

Researches have indicated that inflammation activities
play critical roles in each stage of cancer development, from
the initiation of cancer cells until the spread of distant
metastasis [17–19]. The Glasgow Prognostic Score, as one of
the typical systemic inflammatory response (SIR) markers, in
combination with hypoalbuminemia (albumin<35 g/l) with
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increased C-reactive protein level (CRP) (>10mg/l), has
been shown to be an independent prognostic factor for
numerous types of cancer [20]. However, the CRP con-
centration is not a part of the routine measurement of
preoperative evaluations in gastric cancer patients [21].
Nowadays, platelet/lymphocyte (PLR) and neutrophil/lym-
phocyte rates (NLR) are receiving increasingly more atten-
tion as new SIR indicators in some clinical situations. Several
investigators have already recognized that preoperative NLR
and PLR can be considered advanced-stage predictive mar-
kers, treatment response, or prognostic indicators in some
types of carcinoma [22,23], but with respect to the predictive
capability of LN metastasis in gastric cancer patients, pre-
vious English-language studies of these ratios have not been
published.

Therefore, the aim of our retrospective research is to
determine whether PLR and NLR are preoperative pre-
dictive indicators of LN metastasis in patients with gastric
cancer and to construct a more instructive score system to
assess the likelihood of nodal involvement by combining
them with tumor-related factors, thus providing additional
evidence to enable clinicians to offer an individualized
multimodality treatment.

Materials and methods

Patients

We retrospectively evaluated 927 consecutive gastric can-
cer patients who underwent gastrectomy at the First
Affiliated Hospital of Wenzhou Medical University
between January 2009 and December 2011. Sex, age,
macroscopic tumor types, lymphatic invasion, tumor size,
tumor location, the number of harvested LNs and positive
LNs, pathological type, tumor, node, metastasis (TNM)
stage [24], and routine preoperative laboratory measure-
ments including full blood count [albumin, carcino-
embryonic antigen (CEA), neutrophils, lymphocytes,
platelets] were recorded in our study. Two doctors inde-
pendently reviewed the medical data of all patients. CEA
was divided into two groups, up to 5 and more than 5, with
respect to the normal level in our institution. The patho-
logical types of gastric adenocarcinoma were classified as
follows: type 1, well differentiated; type 2, moderately
differentiated; type 3, poorly differentiated; and type 4,
signet-ring cell or mucinous carcinoma. All patients were
histologically confirmed in our study and the exclusion
criteria were as follows: (a) insufficient number of retrieved
LNs (<15), (b) history of gastric resection, (c) liver cir-
rhosis, (d) synchronous and metachronous malignancies,
(e) severe inflammation, (f) severe bleeding or immune-
system disease, and (g) preoperative chemotherapy or
irradiation. The number of each excluded category of
patients was 388, 3, 4, 5, 9, 19, and 7, respectively. Finally,
492 gastric cancer patients were included. The Institutional
Review Board of the First Affiliated Hospital of Wenzhou
Medical University approved our research.

PLR and NLR evaluation

Complete blood count test was a part of routine pre-
operative inspection in the surgery of gastric cancer. A
blood sample was obtained within 14 days (median time
4.3 days) before the surgery. Venous blood was sampled in

EDTA-containing tubes and then analyzed by the hemo-
counter (XE2100, Sysmex Co., Kobe, Japan) to calculate
the count of differential leukocyte and platelet. The defi-
nition of NLR or NLR was neutrophil count or platelet
count divided by lymphocyte count, respectively. To avoid
predetermined a cutoff threshold on the basis of the
prognosis of the gastric cancer or treatment response, we
constructed a receiver operating characteristic (ROC)
curve to establish a new cutoff point of preoperative PLR
and NLR. Values with the maximal Youden index were
selected [25]. Our patients were then divided into two
groups on the basis of the cutoff value.

Statistical analysis

The Kolmogorov–Smirnov test and a box-blot were used to
describe the normality of each continuous parameter’s dis-
tribution. Data between these groups were presented as
medians (interquartile range) and compared using the
Mann–Whitney U-test for all variables with non-normal
distributions. The ROC curve was used to assess the perfor-
mance of SIR markers. The features of clinicopathological
and categorical variables associated with NLR or PLR were
analyzed using the χ2-test, which was also used for univariate
analysis of LN metastasis. On the basis of the univariate
analysis, those variables with P value less than 0.05 were
considered the inclusion criteria in the multivariate logistic
regression analysis to confirm independent variables. The
forward stepwise method was used to eliminate variables that
did not yield significant information. The hazard ratio (HR)
and 95% confidence interval (CI) of each independent vari-
able were calculated routinely. A comparison of the score
system and other clinicopathologic characteristics was also
performed according to the area under the ROC curve
(AUC). A P value less than 0.05 was identified to be statis-
tically significant and the statistical analysis was carried out
using SPSS software (version 22.0; SPSS Inc., Chicago,
Illinois, USA).

Results

Patient characteristics

Of the 492 patients selected, 379 were men and the rest
were women. The median age of the patients was 63.0
(interquartile range 56.0–71.5) years. According to the
TNM stage, the largest proportion of the patients (284,
57.7%) had stage III disease, whereas 97 (19.7%), 67
(13.6%), and 44 (8.9%) patients had stage I, stage II, and
stage IV disease, respectively. A total of 363 (77.4%)
patients had a tumor at least 3 cm in size. Lymphatic
infiltration was detected in 146 (29.7%) patients. More
than half of the disease (322, 65.4%) was located in the
gastric antrum. Histology results showed that the majority
of patients had poorly differentiated (336, 68.3%) or
moderately differentiated adenocarcinoma (85, 17.3%)
and 362 (73.6%) patients had advanced disease (T3/T4).
Hypoalbuminemia was observed in 80 (16.3%) patients. A
total of 136 patients (27.6%) were LN negative and 356
(72.4%) were positive.
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The features of preoperative systemic inammatory
response markers in gastric cancer with nodal
involvement

As shown in Table 1, platelet count (P=0.017) and neu-
trophil count (P=0.044) were significantly higher in those
gastric cancer patients with nodal involvement than those
without nodal involvement. Although the white blood cell
count showed no significant association (P= 0.741) with
LN metastasis, the lymphocyte count showed a negative
relationship (P=0.001). On combining a positive indi-
cator and a negative indicator together, PLR and NLR
were also significantly higher in those patients with nodal
involvement (P<0.001) (Table 1 and Fig. 1). The ROC
curves were further used to evaluate those variables that
differed significantly. Figure 2 shows that the AUC of PLR
(0.629, 95% CI 0.576–0.682) and NLR (0.619, 95% CI
0.564–0.674) were wider than neutrophils (0.559, 95% CI
0.503–0.615), platelet (0.570, 95% CI 0.515–0.624), and
lymphocyte (0.595, 95% CI 0.539–0.650), which indi-
cated that the ability of preoperative PLR and NLR values
to differentiate LN metastasis is more powerful than
individual indicators of lymphocyte, neutrophils, and
platelet.

Clinicopathologic characteristics of gastric cancer
associated with preoperative NLR and PLR

According to the ROC curve plotted above (Fig. 2), the
cutoff values of the PLR and NLR for LN metastasis were
set to 155.67 and 1.59, respectively. On the basis of the
cutoff value, the diagnostic sensitivity and specificity were
42.9 and 81.6%, respectively, for PLR and 80.4 and
41.2%, respectively, for NLR. Thus, we dichotomized the
patients into groups of ‘high PLR (>155.67)’ and ‘low PLR
(≤155.67)’ or ‘high NLR (>1.59)’ and ‘low NLR (≤1.59)’.
Of 492 patients, the number of patients with high PLR and
high NLR was 178 (36.2%) and 362 (73.6%), respectively.

Clinicopathologic features of gastric cancer associated
with preoperative NLR and PLR were further analyzed. As
shown in Table 2, the number of dissected metastatic
nodes and metastatic ratio of LNs [4] were statistically
higher in high PLR (both P< 0.001) and NLR (both
P< 0.001) groups, whereas the total number of dissected
nodes showed no significant difference in the group of PLR
(P= 0.121) or NLR (P=0.230). With respect to the other
clinicopathologic characteristics examined, high PLR was
associated significantly with poorly pathological type
(P= 0.025), advanced TNM stage, larger tumor size,
hypoalbuminemia, higher node status, and depth of inva-
sion (all P<0.001). NLR was significantly increased with

old age (P= 0.005), poorly pathological type (P=0.024),
hypoalbuminemia (P=0.048), depth of invasion
(P= 0.001), advanced TNM stage (P< 0.001), high node
status (P<0.001), and large tumor size (P=0.002). No
significant difference was observed in our study in terms of
the rest of the clinicopathological characteristics.

Univariate and multivariate analysis of clinicopathological
characteristics and predictive value of the score system

Univariate analysis of clinicopathological characteristics indi-
cated that tumor location (χ2=10.799, P=0.013), tumor size
(χ2=87.181, P<0.001), lymphatic invasion (χ2=57.481,
P<0.001), albumin level (χ2=9.218, P=0.002), macro-
scopic type (χ2=134.242, P<0.001), depth of invasion
(χ2=147.188, P<0.001), pathological type (χ2=50.174,
P<0.001), NLR (χ2=21.044, P<0.001), and PLR
(χ2=25.781, P<0.001) showed significant differences
according to the nodal involvement (Table 3). There was no
significant relationship between the LN-negative and LN-
positive groups with respect to sex (χ2=0.126, P=0.722) and
CEA values (χ2=0.093, P=0.760). Therefore, nine variables
examined in univariate analysis (P<0.05) were selected as
potential independent risk factors in multivariate analysis and
the results showed (Table 4) that six of these differed sig-
nificantly (P<0.05). Finally, we identified that NLR (HR
1.920; 95% CI 1.040–3.543; P=0.037), PLR (HR 1.918;
95% CI 1.028–3.578; P=0.041), depth of invasion (HR
3.980; 95% CI 2.017–7.852; P<0.001), macroscopic type
[(Bormann I/II vs. early stage; HR 2.103, 95% CI
0.499–8.857; P=0.311); (Bormann III/IV vs. early stage; HR
3.888; 95%CI 1.473–10.266; P=0.006)], lymphatic invasion
(HR 7.104; 95% CI 2.885–17.492; P<0.001), and tumor
size (HR 2.443; 95% CI 1.296–4.607; P=0.006) were inde-
pendent predictive indicators of LN metastasis. The score
system that aimed to predict LN metastasis preoperatively
only consists of those variables that could be detected precisely
before surgical intervention. Considering that the lymphatic
invasion can only be evaluated in specimens after surgery and
preoperative endoscopic ultrasound showed a high accuracy
to distinguish advanced T stages (T3–T4) between early T
stages (T1–T2) [14,26], the variable of lymphatic invasion was
excluded from this system and depth of invasion was retained.
According to the HR of logistic regression analysis, the pre-
dictive score system was determined by logarithmically trans-
forming it for each selected variable and multiplying by
100 Y ¼ 100� log X; X ¼ odds ratioð Þ. Different points
were calculated for each parameter (Table 5). ROC curves
were constructed to compare the score system with other
preoperative variables (Fig. 3). It is obvious that the AUC of
the score system (0.830, 95% CI 0.782–0.878) was larger

Table 1. Systemic inflammatory response markers according to lymph node involvement

SIR markers Total Lymph node-negative group Lymph node-positive group P

WBC count 6.00 (4.80–7.10) 5.90 (4.85–7.05) 6.00 (4.80–7.18) 0.741
Neutrophil count 3.60 (2.80–4.75) 3.50 (2.80–4.45) 3.70 (2.80–4.90) 0.044a

Lymphocyte count 1.60 (1.30–2.00) 1.80 (1.40–2.20) 1.60 (1.25–2.00) 0.001a

Platelet count 222.00 (171.00–267.00) 207.00 (166.00–249.50) 227.50 (174.50–277.00) 0.017a

PLR 130.00 (98.00–177.85) 117.30 (88.30–146.03) 140.48 (104.70–195.29) <0.001a

NLR 2.21 (1.57–3.06) 1.93 (1.36–2.65) 2.31 (1.72–3.31) <0.001a

Variables are expressed as median (IQR).
IQR, interquartile range; NLR, neutrophil/lymphocyte rate; PLR, platelet/lymphocyte rate; SIR, systemic inflammatory response; WBC, white blood cell.
aP<0.05 was considered statistically significant.
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than tumor size (0.705, 95% CI 0.646–0.764), depth of inva-
sion (0.762, 95% CI 0.707–0.817), macroscopic type (0.696,
95% CI 0.635–0.757), NLR (0.619, 95% CI 0.564–0.674),
and PLR (0.629, 95% CI 0.576–0.682). The cutoff value of
this score system was 156.0 determined by the Youden Index.
The positive predictive value, negative predictive value, specifi-
city, and sensitivity of the score system were 88.7, 61.5, 72.4,
and 82.7%, respectively, showing a reliable discrimination
ability to act as a predictor of LN metastasis in gastric cancer.

Discussion

Worldwide, neoadjuvant therapy is increasingly being advo-
cated to treat patients with gastric cancer, showing a survival

advantage compared with surgery only, without increasing
postoperative morbidity and mortality [8,27–29]. The theo-
retical benefits of neoadjuvant therapy have been analyzed in
previous studies [30,31]. The potential of LN metastasis is a
crucial preoperative consideration in administering this type
of treatment. Increasingly more clinical experts have recom-
mended preoperative therapies for gastric cancer patients with
nodal involvement [6,7,32]. Findings have indicated that
preoperative therapies are effective in controlling LN metas-
tasis in gastric cancer, thereby reducing tumor N stage and
increasing complete resection [32–34]. Therefore, the esti-
mation of LN status before surgery seems to be critical to
select a reasonable therapeutic schedule for patients. In
addition, in terms of the lymphadectomy, although D2 LN
dissection is considered the standard care, it is not performed
uniformly under all conditions. Some previous RCTs have
shown that extended (D2) lymphadectomy was related to a
higher possibility of reoperation, morbidity, and mortality
and no prolonged survival was observed compared with D1
lymphadectomy [35,36]. Another recent Italian RCT sug-
gested that D2 resection may be more suitable than D1
resection for advanced gastric cancer patients with LN
metastasis [37]. In USA, a D1 or modified D2 gastrectomy
(≥15 LNs harvested) was recommended by the National
Comprehensive Cancer Network guidelines [11]. Therefore,
we believe that D1 gastrectomy may be appropriate for
localized gastric cancer without LN metastasis, especially for
early-stage gastric cancer; suitable cases can also be cured by
endoscopic resection. However, for other curable disease, D2
gastrectomy may be necessary.

Given the above, it is clear that identification of a pre-
operative model to discriminate the metastasis of LN in
gastric cancer is valuable to establish a personalized treat-
ment plan in clinical work. Nowadays, EUS is a very com-
monly studied instrument for local staging of gastric cancer,
showing a powerful ability to describe T stages and a less
reliable performance in predicting LN status [26]. Similar to
EUS, all of other current imaging modalities achieved limited
success in staging preoperative LN status [12,14]. As a
result, numerous methods including gene microarray, com-
parative proteomic, and histological analysis have been used

600.00 20.00

320458

96

(a) (b)

P<0.001 P<0.001

42

18276 238200
333
440

366278

404

414 454
341

262
139 271

44
460

404

261 47

118 377

458
366 11

181
101

397
341 176

139
102 475

199

390
96

59

182

440250
268

∗
∗

∗

∗

∗∗
∗

∗∗∗∗
∗

∗
∗

∗

∗

500.00

400.00

300.00

200.00

100.00

0.00

LNNG

P
LR

N
LR

15.00

10.00

5.00

0.00

LNNGLNPG LNPG

Fig. 1. Distributions of PLR (a) and NLR (b) between LNNG and LNPG. LNNG, lymph node-negative group; LNPG, lymph node-positive group;
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

1.0

0.8

0.6

0.4

S
en

si
tiv

ity

0.2

0.0
0.0 0.2 0.4

1−Specificity

ROC curve

0.6 0.8 1.0

PLR
NLR
Neutrophils
Lymphocyte
Platelet
Reference

Fig. 2. ROC curves for systemic inflammatory response makers in patients
with gastric cancer according to lymph node metastasis. NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ROC, receiver operating
characteristic.

496 European Journal of Gastroenterology & Hepatology May 2016 •Volume 28 •Number 5



to discover new biomarkers recognizing the LN metastasis
and several predictive markers have been found successfully,
such as miR-1207-5p expression, LYVE-1 antibody, 14-3-
3β and profilin-1 protein, suppressor of cytokine signaling-3,
and so on [15,16,38,39]. However, the usefulness of these
assessments depends on expensive equipment, difficult
technology, and some biomarkers that cannot be detected
before surgery. The search for a reliable and affordable
preoperative biomarker to predict this clinical behavior of
gastric cancer is still ongoing.

Our current research showed the significance of pre-
operative PLR and NLR in the peripheral blood on LN
metastasis in gastric cancer. The ROC curve indicated that

the utility of the PLR and NLR as predictive markers for
LN metastasis in gastric cancer is the best among all pre-
operative SIR makers. Given the fact that platelet and
neutrophil showed a positive link with LN metastasis and
lymphocyte showed a negative link with LN metastasis, it
is not difficult to understand that combining a positive
indicator with a negative indicator together is better than
just using one of them. Although preoperative NLR and
PLR were significant in terms of the number of dissected
positive LNs and metastatic ratio of LNs, the total number
of LNs dissected in surgeries showed no obvious differ-
ence, thereby indicating that NLR and PLR have a close
relationship with the metastatic LNs. In our research,

Table 2. Clinicopathologic features of patients according to the platelet-to-lymphocyte and neutrophil-to-lymphocyte ratios

PLR (%) NLR (%)

Factors Total Low PLR (N=314) High PLR (N=178) P Low NLR (N=130) High NLR (N=362) P

Sex 0.866 0.237
Male 378 (76.8) 242 (77.1) 136 (76.4) 95 (73.1) 283 (78.2)
Female 114 (23.2) 72 (22.9) 42 (23.6) 35 (26.9) 79 (21.8)

Age (years) 0.240 0.005a

<60 191 (38.8) 128 (40.8) 63 (35.4) 64 (49.2) 127 (35.1)
≥60 301 (61.2) 186 (59.2) 115 (64.6) 66 (50.8) 235 (64.9)

Macroscopic type <0.001a <0.001a

Early stage 71 (14.4) 63 (20.1) 8 (4.5) 32 (24.6) 39 (10.8)
Borrmann I/II 24 (4.9) 14 (4.5) 10 (5.6) 5 (3.8) 19 (5.2)
Borrmann III/IV 397 (80.7) 237 (75.5) 160 (89.9) 93 (71.5) 304 (84.0)

Tumor location 0.841 0.586
Antrum 322 (65.4) 210 (66.9) 112 (62.9) 81 (62.3) 241 (66.6)
Corpus 66 (13.4) 40 (12.7) 26 (14.6) 16 (12.3) 50 (13.8)
Cardia 79 (16.1) 49 (15.6) 30 (16.9) 25 (19.2) 54 (14.9)
Whole 25 (5.1) 15 (4.8) 10 (5.6) 8 (6.2) 17 (4.7)

Lymphatic invasion 0.287 0.212
Yes 146 (29.7) 88 (28.0) 58 (32.6) 33 (25.4) 113 (31.2)
No 346 (70.3) 226 (72.0) 120 (67.4) 97 (74.6) 249 (68.8)

Tumor size (cm)b <0.001a 0.005a

<3 106 (22.6) 82 (27.9) 24 (13.7) 38 (31.9) 68 (19.4)
≥3 363 (77.4) 212 (72.1) 151 (86.3) 81 (68.1) 282 (80.6)

Pathological type 0.025a 0.024a

1 24 (4.9) 21 (6.7) 3 (1.7) 12 (9.2) 12 (3.3)
2 85 (17.3) 53 (16.9) 32 (18.0) 22 (16.9) 63 (17.4)
3 336 (68.3) 205 (65.3) 131 (73.6) 80 (61.5) 256 (70.7)
4 47 (9.6) 35 (11.1) 12 (6.7) 16 (12.3) 31 (8.6)

Depth of invasion <0.001a 0.001a

T1/T2 130 (26.4) 103 (32.8) 27 (15.2) 47 (36.2) 83 (22.9)
T3/T4 362 (73.6) 211 (67.2) 151 (84.8) 83 (63.8) 279 (77.1)

Node status <0.001a <0.001a

N0 136 (27.6) 111 (35.4) 25 (14.0) 56 (43.1) 80 (22.1)
N1 75 (15.2) 43 (13.7) 32 (18.0) 18 (13.8) 57 (15.7)
N2 108 (22.0) 63 (20.1) 45 (25.3) 22 (16.9) 86 (23.8)
N3 173 (35.2) 97 (30.9) 76 (42.7) 34 (26.2) 139 (38.4)

TNM stage <0.001a 0.001a

Stage I 97 (19.7) 84 (26.8) 13 (7.3) 41 (31.5) 56 (15.5)
Stage II 67 (13.6) 46 (14.6) 21 (11.8) 19 (14.6) 48 (13.3)
Stage III 284 (57.7) 155 (49.4) 129 (72.5) 62 (47.7) 222 (61.3)
Stage IV 44 (8.9) 29 (9.2) 15 (8.4) 8 (6.2) 36 (9.9)

Albumin (g/l) <0.001a 0.048a

≥35 412 (83.7) 282 (89.8) 130 (73.0) 116 (89.2) 296 (81.8)
<35 80 (16.3) 32 (10.2) 48 (27.0) 14 (10.8) 66 (18.2)

CEA (μg/l)b 0.289 0.403
>5 99 (23.5) 68 (25.1) 31 (20.5) 29 (26.4) 70 (22.4)
≤5 323 (76.5) 203 (74.9) 120 (79.5) 81 (73.6) 242 (77.6)

Number of dissected nodes in surgeryc 22 (18–28) 22 (17–28) 23 (19–28) 0.121 21 (18–27) 23 (18–28) 0.230
Number of dissected metastatic
nodesc

3 (0–10) 3 (0–9) 5 (2–12) <0.001a 1 (0–7) 4 (1–11) <0.001a

Metastatic ratio of LNsc 0.16 (0–0.44) 0.12 (0–0.38) 0.20 (0.08–0.57) <0.001a 0.05 (0–0.33) 0.19 (0.04–0.49) <0.001a

CEA, carcinoembryonic antigen; IQR, interquartile range; LN, lymph node; NLR, neutrophil/lymphocyte rate; PLR, platelet/lymphocyte rate; TNM, tumor, node, metastasis.
aRepresent P<0.05, which is considered statistically significant.
bData available for 469 patients on tumor size and 422 patients for CEA values.
cVariables are expressed as median (IQR) and tested using the Mann–Whitney U-test.
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a significant correlation was found between NLR and age,
whereas PLR showed no statistically significant difference,
which is in agreement with a previous study that found
that older age was an independent risk factor for high
NLR [40]. This change may be because of an age-related
dysfunction of immunosurveillance for cancers [41,42].
Moreover, comparison between NLR and PLR with other
clinical characteristic has shown that both elevated NLR
and PLR was statistically significant in terms of larger
tumor size, advanced TNM stage, poorly differentiated,
higher node status, and depth of invasion, reflecting
aggressive behaviors of gastric cancer. Consistent with
previous studies [43,44], lymphatic invasion, macroscopic
type, depth of invasion, and tumor size retained sig-
nificance in the logistic regression model in our study.
Importantly, the model first identified that both PLR and
NLR are independent predictors of LN metastasis in gas-
tric cancer.

Concurrent with GPS, NLR and PLR are gaining interest as
SIR markers in various clinical circumstances [45]. Numerous
causes of cancer development show an essential relationship
with the condition of inflammation. Tumor cells have been
shown to overproduce proinflammatory mediators, such as
tumor necrosis factor-α, interleukin-3 (IL-3), and IL-6 [46],
which stimulate the hepatic production of CRP [47,48],
increase peripheral blood neutrophil and platelet counts, and
decrease lymphocyte counts, thus leading to a relative neu-
trophilia, thrombocytosis, and lymphocytopenia [49,50]. The
lymphocyte response plays a pivotal role in the suppression of
cancer progression [51]. Cancer with lymphocytopenia has
been linked to the status of innate cellular immune defects [52].
Because of the antitumor activities of lymphocytes, a better
prognosis was found in patients with peritumoral lymphocytes
infiltration [53]. In contrast, the presence of neutrophilia may
antagonize the antitumor immune response by impairing the
antitumor effect of lymphocyte or provide a conductive tumor

Table 3. Univariate analysis of clinical characteristics according to nodal
involvement

Univariate analysis

Characteristics
Node-negative
group (N=136)

Node-positive
group (N=356) χ2 P

Sex 0.126 0.126
Male 103 (75.7) 275 (77.2)
Female 33 (24.3) 81 (22.8)

Age (years) 10.441 0.001a

<60 69 (50.7) 124 (34.8)
≥60 67 (49.3) 232 (65.2)

Tumor location 10.799 0.013a

Antrum 97 (71.3) 225 (63.2)
Corpus 19 (14.0) 47 (13.2)
Cardia 20 (14.7) 59 (16.6)
Whole 0 (0) 25 (7.0)

Lymphatic invasion 57.481 <0.001a

Yes 6 (4.4) 140 (39.3)
No 130 (95.6) 216 (60.7)

Tumor size (cm)b 87.181 <0.001a

<3 65 (52.8) 41 (11.8)
≥3 58 (47.2) 305 (88.2)

Pathological type 50.174 <0.001a

1 21 (15.4) 3 (0.8)
2 28 (20.6) 57 (16.0)
3 73 (53.7) 263 (73.9)
4 14 (10.3) 33 (9.3)

Depth of invasion 147.188 <0.001a

T1/T2 89 (65.4) 41 (11.5)
T3/T4 47 (34.6) 315 (88.5)

Macroscopic type 134.242 <0.001a

Early stage 60 (44.1) 11 (3.1)
Borrmann I/II 5 (3.7) 19 (5.3)
Borrmann III/IV 71 (52.2) 326 (91.6)

PLR 25.781 <0.001a

Low 111 (81.6) 203 (57.0)
High 25 (18.4) 153 (43.0)

NLR 21.044 <0.001a

Low 56 (41.2) 74 (20.8)
High 80 (58.8) 282 (79.2)

Albumin (g/l) 9.218 0.002a

≥35 125 (91.2) 287 (80.3)
<35 11 (8.8) 69 (19.7)

CEA (μg/l)b 0.093 0.760
≤5 92 (77.3) 230 (75.9)
>5 27 (22.7) 73 (24.1)

CEA, carcinoembryonic antigen; NLR, neutrophil/lymphocyte rate; PLR, platelet/
lymphocyte rate.
aRepresent P<0.05, which was considered to be statistically significant.
bData available for 469 patients on tumor size and 422 patients for CEA values.

Table 4. Results of the clinicopathological parameters for gastric cancer
with nodal involvement by multivariate logistic analyses

Parameters Hazard ratio 95% CI Pa

Size (cm)
<3 1
≥3 2.443 1.296–4.607 0.006

Lymphatic invasion
Yes 1
No 7.104 2.885–17.492 <0.001

Macroscopic type
Early stage 1
Borrmann I/II 2.103 0.499–8.857 0.311
Borrmann III/IV 3.888 1.473–10.266 0.006

PLR
Low 1
High 1.918 1.028–3.578 0.041

NLR
Low 1
High 1.920 1.040–3.543 0.037

Depth of invasion
T1/T2 1
T3/T4 3.980 2.017–7.852 <0.001

CI, confidence interval; NLR, neutrophil/lymphocyte rate; PLR, platelet/
lymphocyte rate.
aP<0.05 is considered statistically significant.

Table 5. Risk score assigned on the basis of preoperative variables to
predict lymph node metastasis

Parameters Risk score

Size
<3 0
≥3 39

Macroscopic type
Early stage 0
Borrmann I/II 32
Borrmann III/IV 59

PLR
Low 0
High 28

NLR
Low 0
High 28

Depth of invasion
T1/T2 0
T3/T4 60

NLR, neutrophil/lymphocyte rate; PLR, platelet/lymphocyte rate.
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microenvironment, thereby promoting tumor growth and
metastasis [54–56]. It has been noted that circulating vascular
endothelial growth factors are mostly secreted by neutrophil,
which is of crucial importance in relation to tumor angiogen-
esis [57]. In addition, neutrophilia is considered an index of
poor prognosis in some types of cancer [58,59]. Platelet count
is also a member of SIR markers associated with the tumor
[60]. Studies have already reported that platelets have the
ability to protect tumor cells from immune responses and pro-
mote tumor cell growth, extravasation, and migration [61,62].
Furthermore, it was observed that platelet count shows a sig-
nificant relationship with nodal involvement in patients with
gastric cancer, colon cancer, and non-small-cell lung cancer
[49,63,64].

The role of PLR or NLR in nodal staging of cancer has
been investigated in a few studies. Recently, a study of 353
non-small-cell lung cancer patients recommended a novel
preoperative COCT-NLR model (a combination of NLR
and contrast-enhanced computed tomography) to detect
LN metastasis with a high sensitivity (70.59%) and spe-
cificity (74.89%) [65]. Ertas et al. [66] carried out a study
to determine whether preoperative NLR and PLR could
provide useful information on LN metastasis in 64 vulv-
ular squamous cell sarcoma patients, concluding that NRL
higher than 2.81 and PRL more than 139.5 had a sig-
nificant independent effect on the LN metastasis (odds
ratio 14.18, 95% CI 2.54–79.03, P=0.002; odds ratio
10.4, 95% CI 1.82–59.39, P= 0.008, respectively).
Another study comprising data on 319 endometrial ade-
nocarcinoma patients concluded that the predictive accu-
racy of the nodal involvement of NLR and PLR is not
better than serum CA125, although PLR and NLR values
were significantly elevated in the LN-positive group
(P=0.003, 0.012, respectively) [67]. Several studies have
attempted to explore the relationship between gastric

cancer and PLR, NLR. Most of them were designed to
determine their roles in the prognosis or chemotherapeutic
response rather than LN metastasis [21,50,56,68,69]. This
is the first research that has attempted to evaluate whether
PLR and NLR can be used as predictive indicators for LN
metastasis in gastric cancer and to test the clinical utility of
a new method with combined tumor-related and host-
related factors to identify the risk of LN metastasis.

Several other score models have been developed by
researchers to detect LN metastasis in gastric cancer. For
example, a nodal status predictive score system including
those differentially expressed proteins in pT3 stage gastric
cancer with LN metastasis was established by Li et al. [70].
The limitation of specific materials and a complex proce-
dure influenced the clinical use of this model and the
requirement of more tumor tissues and detecting lympha-
tic/vascular invasion made its use before surgery difficult.
Recently, Shida et al. [71] recommended a preoperative
score system to predict LN metastasis in early gastric
cancer. Only tumor-related factors were analyzed and the
accuracy, specificity, and sensitivity rates of the model
were only 70, 61.6, and 63.2%, respectively. In compar-
ison with the above studies, the score system devised in
the present study, which included more convenient and
available preoperative variables of tumor size, macro-
scopic type, depth of invasion, PLR, and NLR, showed a
reliable and stable power (AUC 0.830, 95% CI
0.782–0.878) to predict LN metastasis with a relatively
moderate specificity (72.4%) and a high sensitivity
(82.7%), which was also definitely superior to the unstable
performance of EUS and other imaging tools, with
inconsistent sensitivities, specificities, and accuracies
reported in various studies [12,72]. However, our score
system was only a complementary tool for the prediction
of nodal involvement. Given that the positive and negative
predictive values of the model were 88.7 and 61.5%,
respectively, its clinical application should be combined
with traditional imaging protocols to decrease false esti-
mations. Moreover, for those patients who were under-
staged before the surgery, salvage treatment of adjuvant
therapy was urgently needed [7].

In terms of the cutoff value of PLR and NLR, the
optimal cutoff levels identified in the previous studies are
inconsistent [22,23]. Various methods have been used to
calculate the cutoff value in different tumors. For gastric
cancer, some studies just used their best cutoff values
according to the median value [69] or previous studies [68,
73]. However, several studies applied the ROC curve to
assess the ideal cutoff value. For instance, a retrospective
study of 1986 patients found that both PLR and NLR can
predict the overall survival and recurrence of gastric cancer
with a cutoff level for PLR of 126 and 200, respectively,
and NLR of 2, 3, respectively, by constructing the ROC
curve [50]. In contrast, Lee et al. [60] suggested a PLR of
160 and an NLR of three as the optimal threshold as a
prognostic indicator by selecting values with the most
remarkable difference in the univariate analysis of overall
survival curves. However, in the same way, Shimada et al.
[40] reported that the ideal cutoff value of NLR was 4.0.
Considering the heterogeneity of thresholds proposed in
previous studies and the fact that this is the first research to
evaluate optimal thresholds according to the nodal invol-
vement of gastric cancer, we established a PLR of 155.67
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Fig. 3. Comparison of ROC curves for depth of invasion, tumor size, mac-
roscopic type, and the score system to evaluate the probability of lymph
node metastasis. ROC, receiver operating characteristic.
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and an NLR of 1.59 as the ideal cutoff value using the
ROC curve. On the basis of our cutoff values, although a
slight trend of increased number of patients was noted in
line with the extent of nodal metastasis, it did not reach
significance among N1, N2, and N3 (data not shown).
This result may be attributed to the small number of
samples with LN metastasis in our study classified as three
different groups. It is obvious that more verification is
warranted to confirm these cutoff values, but our study
suggested that a PLR of 155.67 and an NLR of 1.59 may
be reliable thresholds to detect nodal involvement in gas-
tric cancer patients.

The current study also had some limitations that should
not be ignored. First, this was a retrospective study carried
out in a single hospital to search the date from a collected
computerized database. Second, after excluding lymphatic
invasion, the variables of depth of invasion and macro-
scopic type in the score system were also observed from
postoperative specimen examinations. Although we could
obtain these tumor variables before surgery, it may have
influenced the accuracy of our results. Finally, the rela-
tionship between intratumor inflammatory reaction and
peripheral hematological component alteration of the SIR
was not assessed in our study. Therefore, our results need
to be confirmed in further large-scale prospective studies.

Conclusion

The present study showed that NLR and PLR could be
simple, repeatable, and inexpensive preoperative indica-
tors of LN metastasis in gastric cancer patients. As a
potential therapeutic target, knowledge of their mechan-
isms may be useful for cancer prevention and therapy. In
addition, the score system that combined PLR and NLR
and tumor-related factors is a reliable and economical
predictive tool to distinguish gastric cancer patients with
nodal involvement between those without nodal involve-
ment in the study, which is useful for further planning of
selective neoadjuvant therapy or nodal dissection before
surgery. In future, more studies on clinically available
preoperative NLR and PLR, together with our score sys-
tem, such as in combination with imaging systems and
other known sera markers, should be explored to find a
more accurate preoperative strategy to predict LN metas-
tasis in patients with gastric cancer.
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