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Abstract

Aims: To detect the best cut-off value of the positive lymph node ratio (PLNR) for stratifying the prognosis and analyzing its value with
regard to stage migration effect using PLNR in gastric cancer.
Methods: We retrospectively analyzed 1069 consecutive gastric cancer patients, who underwent curative gastrectomy with radical lympha-
denectomy from 1997 through 2009.
Results: 1) The mean number of dissected lymph nodes was 42.6 in pStage I, 32.4 in pStage II and 37.1 in pStage III. The PLNR of 0.2 was
proved to be the best cut-off value to stratify the prognosis of patients into two groups (P < 0.0001; PLNR <0.2 vs. PLNR �0.2), and
patients were correctly classified into four groups: PLNR 0, PLNR 0e<0.2, PLNR 0.2e<0.4 and PLNR �0.4 by the KaplaneMeier
method. 2) Compared patients with the PLNR <0.2, those with the PLNR �0.2 had a significantly higher incidence of pT3 or greater,
pN2 or greater, lymphatic invasion, vascular invasion and undifferentiated cancer. Multivariate analysis showed that the PLNR �0.2
was an independent prognostic factor [P < 0.0001, HR 2.77 (95% CI: 1.87e4.09)]. 2) The PLNR cut-off value of 0.2 could discriminate
a stage migration effect in pN2eN3 and pStage IIeIII, which patients with PLNR �0.2 might be potentially diagnosed as a lower stage
after gastrectomy.
Conclusion: The PLNR contributes to evaluating prognosis and stage migration effect even in a single institute and enable to identify those
who need meticulous treatments and follow-up in patients with gastric cancer.
� 2016 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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Introduction

Despite recent advances in diagnostic techniques which
have increased the early detection of gastric cancer, less
invasive treatment techniques, and perioperative manage-
ment1 patients with advanced stage disease have a high
incidence of lymph node metastasis and still present a
poor prognostic outcome. Nodal status is the strongest pre-
dictor of the prognosis of gastric cancer patients, and

treatment strategy against metastatic lymph nodes is the
most important clinical issue.2

Radical lymphadenectomy is recognized as the pivotal
strategy for macroscopic tumor clearance for advanced
gastric cancer. However, the enthusiasm for optimal lym-
phadenectomy is different between Eastern and Western
countries because of the incidence of obese patients, for
whom a surgical approach is difficult, and differences in
the management strategy for resection and epidemiologic
characteristics of gastric cancer.3e5 Thereby, enthusiasm
varies for lymphadenectomy have given rise to differences
in the number of retrieved lymph node number between
Eastern and Western countries, which may give rise to
the stage migration phenomenon and the prognostic differ-
ence according to each stage. Therefore, to develop a better
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system of nodal staging, which enables a common evalua-
tion for nodal progression in both countries, is needed.

In various cancers, the positive lymph node ratio
(PLNR), which is obtained by dividing the metastatic
lymph node counts by the retrieved lymph node counts,
has been reported to be a promising prognostic in-
dicator.6e8 In this study, we hypothesized that the PLNR
could be a prognostic factor and reflect the stage migration
effect of gastric cancer at a single institution. The results of
our study may provide evidence that the PLNR could be
better system of nodal staging and a possible indicator of
stage migration effects.

Methods

Patients and surgical procedures

Between 1997 and 2009, 1069 consecutive gastric can-
cer patients underwent curative gastrectomy with radical
lymphadenectomy at the Department of Digestive Surgery,
Kyoto Prefectural University of Medicine. Patients under-
went preoperative assessments including gastric endoscopy,
computed tomography (CT) scans, and laboratory tests.
Based on the preoperative diagnosis, total or distal gastrec-
tomy and appropriate lymphadenectomy was performed,
mainly according to the Japanese guidelines for the treat-
ment of gastric cancer.9,10 Patients with clinical T1 and
N0 tumors underwent D1 or D1þ lymphadenectomy
whereas patients with clinical T2 or more advanced tumors
and/or those with N1 or more advanced tumors underwent
D2 or D2þ lymphadenectomy. In the D2 dissection, the
perigastric lymph nodes and all second-tier lymph nodes
were completely retrieved. Depending on the location of
the tumor, lymphadenectomy was added along the distal
side of the splenic artery (No. 11d) and at the splenic hilum
(No. 10), together with splenectomy or splenectomy with
distal pancreatectomy.10

Resected specimens were examined and evaluated by
pathologists based on classifications of the 14th JCGC11

and the 7th TNM staging manual.12 As a result, 649 pa-
tients were staged as pStage I, 190 as pStage II and 230
as pStage III. All enrolled patients underwent pathologi-
cally or macroscopic curative resection (R0). Histological
types were classified as differentiated (papillary adenocar-
cinoma, or moderately or well-differentiated adenocarci-
noma) or undifferentiated (poorly differentiated or
undifferentiated adenocarcinoma, signet-ring cell carci-
noma, or mucinous adenocarcinoma) based on the 14th
JCGC.11

Assessment of clinical impact of positive lymph node
ratio (PLNR)

To confirm the clinical feasibility of the PLNR, we
firstly investigated whether the average number of retrieved
lymph node was sufficient in all stages of our cohort

(Supplementary Table S1). Secondly, the PLNR was calcu-
lated by the following formula: PLNR ¼ total pathological
metastatic lymph node numbers/total retrieved lymph node
numbers. We calculated the PLNR and performed survival
analysis using various cut-off values of the PLNR (Table 1
and Fig. 1). Thirdly, we investigated the prognostic differ-
ence and the related clinicopathological factors according
to the cut-off value of the PLNR (Table 2) and multivariate
analysis using Cox’s proportional hazard model was per-
formed (Table 3). Fourth, we examined whether the
PLNR could detect the stage migration effect following
gastrectomy in a single institute (Fig. 2). Finally, we eval-
uated the effect of the number of retrieved lymph nodes
for use of the PLNR system (Table 4).

Statistical analysis

The c2 test and Fisher’s exact probability test were per-
formed for categorical variables, while the Student’s t-test
and ManneWhitney U-test for unpaired data of continuous
variables were performed to compare clinicopathological
characteristics between the two groups. Survival curves
were estimated using the KaplaneMeier method, and sta-
tistical differences were examined using the log-rank test.
Univariate and multivariate survival analyses were per-
formed using the likelihood ratio test of the stratified Cox
proportional hazards model, P < 0.05 was considered sta-
tistically significant.

Results

Average number of retrieved lymph node

Supplementary Table S1 shows the average number of
retrieved lymph node. The mean number of retrieved lymph
nodes was 42.6 in pStage I, 32.4 in pStage II and 37.1 in
pStage III. The mean number of retrieved lymph nodes
was sufficient in all stage of our cohort.

Cut-off value of the PLNR to stratify the prognosis

As shown in Table 1, we performed detailed survival an-
alyses using various cut-off values and demonstrated that
the cut-off value of 0.2 could most significantly stratify
the prognosis of gastric cancer patients into two groups

Table 1

Survival analysis according to each cut-off value of PLNR.

PLNR cut-off value P value (Log rank test)

<0.1 vs. �0.1 1.5051 � 10�53 <0.0001

<0.2 vs. �0.2 1.9249 � 10�66 <0.0001

<0.3 vs. �0.3 7.0342 � 10�62 <0.0001

<0.4 vs. �0.4 3.8147 � 10�61 <0.0001

<0.5 vs. �0.5 4.7431 � 10�47 <0.0001

<0.6 vs. �0.6 6.0821 � 10�33 <0.0001
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