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Abstract
Purpose The clinical significance of lymph node micrometastasis (LNMM) remains controversial in gastric cancer (GC). 
In this study, we investigated the prognostic impact of LNMM in patients with GC.
Methods A total of 624 patients with pathologically lymph node metastasis-negative (pN0) and N1 status (pN1) who under-
went gastrectomy between 2004 and 2018 were enrolled in this retrospective study. The diameter of tumor cell clusters in 
metastatic lymph nodes was measured in 120 patients with pN1 GC.
Results Patients with lymph node tumors < 1500 μm in diameter (LNMM) had a significantly better prognosis than those with 
tumors ≥ 1500 μm in diameter (p = 0.012; log-rank test). Cox’s proportional hazards model revealed that LNMM (p = 0.016), 
several dissected lymph nodes (p = 0.049), and the provision of adjuvant chemotherapy (p = 0.002) were independent prog-
nostic factors for the overall survival of patients with pN1 GC. There was no significant difference in the overall survival 
between patients with LNMM who received chemotherapy and those who did not (p = 0.332).
Conclusions LNMM is associated with a favorable prognosis and maybe an independent prognostic marker in patients with 
pN1 GC. LNMM in GC may be considered a factor preventing adjuvant chemotherapy.

Keywords Micrometastasis · Gastric cancer · Lymph node metastases

Introduction

Gastric cancer (GC) is a leading cause of cancer-related 
death worldwide [1]. Generally, lymph node metastasis 
(LNM) is a strong prognostic factor in GC, and patients with 
node-positive GC have a poorer prognosis than those with 
node-negative GC [2–4]. Even in node-positive GC, radical 
LN dissection may improve the prognosis; therefore, radical 
LN dissection is performed for curative surgery in patients 
with GC without distant metastases [5]. Adjuvant chemo-
therapy after radical gastrectomy significantly improves the 

prognosis of patients with locally advanced GC, as revealed 
by the ACTS-GC trial, CLASSIC study, and START trial 
[6]. Based on these results, the fourth version of the Japanese 
Gastric Cancer Treatment Guidelines recommends adjuvant 
chemotherapy after gastrectomy for advanced GC patients 
with serosa invasion or LNM [6].

Certainly, chemotherapy is a useful tool for improving 
the prognosis, but it also has side effects, such as drug toxic-
ity. Therefore, studies to stratify the indication for adjuvant 
chemotherapy may be useful for facilitating the establish-
ment of tailor-made therapies for patients with GC.

Among cases with LNM, those with small tumor size in 
the metastatic LN are reported as having lymph node micro-
metastasis (LNMM) [7]. Based on the results of previous 
studies, the Union for International Cancer Control (UICC) 
considers that single tumor cells or cell clusters with a maxi-
mum size of ≤ 200 µm in LNs have low-grade biological 
behavior and have been defined as “isolated tumor cells” 
(ITCs) [7]. ITCs are not considered LNM, and they are rec-
ommended to be listed as pN0 (i +) [7, 8]. The UICC also 
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defines LNM with a tumor size of ≤ 2000 µm in metastatic 
LNs as micrometastasis [7]. However, many institutes do not 
include LNMM in their clinical classification, so its clinical 
significance remains controversial.

Some researchers have reported that LNMM is a strong 
indicator of a poor prognosis; however, they used quanti-
tative polymerase chain reaction (PCR) and immunohisto-
chemistry to define LNMM, indicating that they demon-
strated the prognostic impact of occult metastasis [9, 10]. 
Furthermore, with respect to adjuvant chemotherapy, little 
research has been performed on the benefits of chemother-
apy for patients with LNMM GC [11].

In the present study, we examined the clinical significance 
and prognostic impact of LNMM using the most general and 
simple method of measuring the size of a metastatic tumor in 
the dissected LN. Furthermore, we explored the prognostic 
benefit of LNMM in GC patients who received adjuvant 
chemotherapy.

Materials and methods

Patients

Between January 2004 and December 2018, 868 patients 
with GC underwent surgery at the University of Yamanashi 
Hospital. Patients who did not undergo gastrectomy and 
those without radical LN dissection were excluded, and 
those with pathologically LNM-negative (pN0) and N1 
status (pN1) were enrolled in this retrospective study. LN 
dissection was performed according to the guidelines of the 
Japanese Gastric Cancer Association [6]. pN1 indicates that 
the patients showed metastasis of one or two LNs. The clin-
icopathological features of each patient were retrieved from 
the hospital database. The tumor specimens and dissected 
LNs were obtained during surgery and embedded in paraffin.

All patients underwent double-contrast barium examina-
tion, endoscopy, and multidetector-row computed tomogra-
phy. Follow-up procedures consisted of blood examinations, 
abdominal ultrasound, and computed tomography, which 
were performed every 3 to 6 months after surgery. All proce-
dures followed were in accordance with the ethical standards 
of the responsible committee on human experimentation 
(institutional and national) and with the 1964 Declaration 
of Helsinki and later versions [12]. Informed consent was 
obtained from all patients included in the study.

The histological evaluation of LNMM

Following the guidelines [13], the primary tumors were cut 
crosswise through the center of the tumor, and the retrieved 
LNs were cut longitudinally on the largest plane through 
the hilus.

To define LNMM, we reviewed hematoxylin and eosin 
(HE)-stained specimens of LNs of patients with GC diag-
nosed with pN1. For all of these LNs, we measured the 
diameter of the tumor cell clusters using a microscope; these 
analyses were conducted with a pathologist to obtain a con-
sensus on the results. In two tumor cell clusters where two 
different diameter values were obtained, we considered the 
greatest value for the analysis. Based on the diameters of the 
tumor cell clusters, we set the LNMM cut-off value that most 
strongly affects the prognosis.

Statistical analyses

Statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Foundation 
for Statistical Computing, Vienna, Austria; https:// www.r- 
proje ct. org/ found ation/). The clinicopathological variables 
pertaining to the corresponding patients were analyzed using 
the χ2 test or Fisher’s exact test. Quantitative results were 
presented as means ± standard deviation (SD) and evaluated 
using the Mann–Whitney U test. For the survival analysis, 
Kaplan–Meier survival curves were constructed for groups 
based on univariate predictors, and differences between the 
groups were tested using the log-rank test. Univariate and 
multivariate survival analyses were performed using the 
likelihood ratio test of the stratified Cox proportional haz-
ards model. Differences were assessed with a two-sided test 
and considered significant for values with p < 0.05.

Results

Clinicopathological characteristics of patients

A total of 624 patients were included in this study. The clin-
icopathological characteristics of the patients in the present 
study are summarized in Table 1. The mean patient age was 
68.3 (range 35–88) years old, and the male:female ratio was 
2.6:1. The number of patients with pN0 and pN1 was 504 
and 120, respectively. The median tumor size in the pri-
mary tumor was 45 mm (range 10–200 mm), and the median 
tumor size in the LNs was 2622 µm.

Setting of the LNMM cut‑off value that affects 
the prognosis

The cut-off values of the diameter of tumor cell clusters 
in LNs were set to < 1000 µm, < 1500 µm, and < 2000 µm, 
and their clinical significance was examined. Patients 
with an LN tumor diameter cut-off of < 1500 μm had a 
significantly better prognosis than those with a cut-off 
of ≥ 1500 μm, and the 5-year overall survival (OS) was 

https://www.r-project.org/foundation/
https://www.r-project.org/foundation/
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0.768 and 0.528, respectively (p = 0.012; log-rank test). 
When the cut-off value of the LN tumor diameter was set 
at < 1000 μm or < 2000 μm, there was no significant differ-
ence in the prognosis between the groups above and below 
the cut-off values.

The 5-year OS rates for the groups above and below the 
1000 µm cut-off values were 0.780 and 0.564 (p = 0.076; 
log-rank test), respectively, and those above and below the 
2000 µm cut-off values were 0.689 and 0.560 (p = 0.157; 
log-rank test), respectively.

Therefore, in the present study, LNMM was defined as 
tumor cell clusters within LNs with a diameter < 1500 µm.

Clinicopathological characteristics of patients 
with LNMM

A representative figure of the tumor cluster in metastatic 
LNs is shown in Fig. 1. The diameter of the tumor cluster 
in Fig. 1a was < 1500 µm, and the tumor was classified as 
a positive LNMM. In contrast, the diameter of the tumor 
cluster in Fig. 1b was more than 1500 µm, and the tumor 
was classified as a positive LNM.

The clinicopathological characteristics of pN1 patients 
with LNMM and positive LNM are summarized in Table 2. 
Of the 120 patients diagnosed with pN1, 42 (35.0%) were 
classified as having LNMM, and 78 (65.0%) were classi-
fied as having positive LNM on a postoperative pathological 
examination. Patients with LNMM had a significantly lower 
pT stage and less microscopic lymphatic invasion than those 
with positive LNM (p = 0.002 and 0.049, respectively). They 
were also more likely to have smaller primary tumors and 
macroscopically localized findings than those with positive 
LNM.

Prognostic impact of LNMM in patients with GC

Figure 2 shows the prognostic impact of LNMM in patients 
with GC. GC patients with LNMM had significantly higher 
OS and recurrence-free survival rates than those with posi-
tive LNM (log-rank test; p = 0.012 and 0.033, respectively). 
In contrast, there was no significant difference in the prog-
nosis between LNMM and pN0 patients with GC.

Cox’s proportional hazards model revealed that LNMM 
(p = 0.016), several dissected LNs (p = 0.049), and the provi-
sion of adjuvant chemotherapy (p = 0.002) were independ-
ent prognostic factors for the OS of patients with pN1 GC 
(Table 3). Regarding the recurrence pattern, no significant 
difference was found between LNMM and positive LNM in 
patients with GC (p = 0.803).

The prognosis of patients with LNMM GC 
with and without adjuvant chemotherapy

We examined the benefits of adjuvant chemotherapy for 
patients with GC and LNMM. Of the 120 patients with 
pN1 GC, 62 received adjuvant chemotherapy, and 58 did 
not. In the LNMM group, 24 patients received adjuvant 
chemotherapy, of whom 17 received S-1 (tegafur, gimer-
acil, and oteracil potassium combination), and 7 received 
UFT (a tegafur and uracil combination). In the positive 
LNM group, 38 patients received adjuvant chemotherapy, 
of whom 32 received S-1, 3 received S-1 plus paclitaxel, 
and 3 received UFT. In patients who did not receive adjuvant 
chemotherapy, the OS was significantly better in LNMM 
patients than in positive LNM patients (p = 0.037). In con-
trast, in patients who received adjuvant chemotherapy, 

Table 1  Clinicopathological characteristics of patients in the present 
study

a Disease stage was defined in accordance with the UICC 8th tumor-
lymph node-metastases (TNM) classification
b Predominant histopathological finding

Age (years) (mean ± SD) 68.3 ± 11.2
Gender n (%)
 Male 453 (72.6)
 Female 171 (27.4)

Type of procedure n (%)
 Total gastrectomy 208 (33.3)
 Distal gastorectomy 363 (58.2)
 Proximal gastorectomy 31 (5.0)
 Others 22 (3.5)

pT  stagea n (%)
 pT1 447 (71.6)
 pT2–4 174 (27.9)

pN  stagea n (%)
 pN0 504 (80.8)
 pN1 120 (19.2)

lymphatic invasion n (%)
 Negative 390 (62.5)
 Positive 229 (36.7)

Venous invasion n (%)
 Negative 432 (69.2)
 Positive 187 (30.0)

Tumor size (mm) (mean ± SD) 38.7 ± 27.2
Histological  typeb n (%)
 Differentiated 445 (71.3)
 Undifferentiated 171 (27.4)

Macroscopic appearance, n (%)
 Localize 197 (31.6)
 Diffuse 427 (68.4)

Adjuvant chemotherapy n (%)
 Present 93 (15.0)
 Absent 529 (84.8)
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there were no significant differences in the OS in LNMM 
and positive LNM patients (p = 0.211). In the GC patients 
with LNMM, there was no significant difference in the OS 
between patients who received chemotherapy and those who 
did not (p = 0.332) (Fig. 3a). In contrast, among positive 
LNM patients, those who received chemotherapy had a sig-
nificantly higher OS rate than those who did not (p = 0.003) 
(Fig. 3b).

Discussion

The present study demonstrated the possibility that LNMM 
might be useful for the further stratification of conventional 
staging systems that only reflect the number of metastatic 
LNs. We detected LNMM without immunohistochemical 
staining or PCR. The method of measuring the tumor size in 
LNs using HE staining is very simple, and we were able to 
accurately detect tumor cell clusters in metastatic LNs with 
the help of a professional pathologist to make a diagnosis 
of LNMM.

Several previous studies have reported micrometastasis 
in GC cases; its clinical potential has been investigated, and 
previous prospective multicenter trials have demonstrated 

the clinical safety and efficacy of sentinel LN navigation 
surgery in patients with GC [14]. Regarding the evalua-
tion method for intraoperative sentinel LN, RT-PCR or the 
OSNA method can reportedly detect micrometastasis more 
sensitively than an intraoperative diagnosis using frozen sec-
tions [15, 16].

In another study, micrometastasis was detected using 
immunohistochemical findings as an additional test for GC 
patients diagnosed as node-negative using HE specimens. 
However, the prognostic impact of LNMM is still contro-
versial. Wang et al. demonstrated the predictive effect of 
cadherin-17 for LNMM and reported that the 5-year OS rate 
was significantly higher in patients with GC who had micro-
metastases with LN tumors ≤ 2000 µm than in those who had 
LNM with LN tumor sizes > 2000 μm [17].

Conversely, certain researchers have suggested that 
micrometastasis does not affect the prognosis of patients. 
Kim et al. and Morgagni et al. showed that the presence of 
nodal micrometastasis did not correlate with the survival in 
patients with GC [18, 19]. The discrepancy in these results 
may be due to differences in methodologies. such as immu-
nostaining, and differences in the number of LN slides eval-
uated. These studies examined the clinical significance of 
micrometastasis detected by additional immunostaining of 

Fig. 1  Representative photo-
micrographs of LNMM (a) and 
positive LNM (b) stained with 
hematoxylin and eosin. The 
red arrowheads indicate tumor 
cell clusters in metastatic LNs. 
LNMM, lymph node micro-
metastasis; LNM lymph node 
metastasis
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cytokeratin or cadherin-17 in patients diagnosed as patho-
logically node-negative by HE-stained specimens.

In the present study, we investigated the prognos-
tic impact of small tumor size on metastatic LNs among 
patients pathologically diagnosed with N1 based on HE-
stained specimens. In our simple evaluation method, the 
tumor size in metastatic LNs has a prognostic impact. GC 
patients with LNMM had a significantly better prognosis 
than those with positive LNM, and there was no significant 
difference in the prognosis from those with pathologically 
node-negative disease.

Regarding the cut-off value, when the cut-off was set at 
1500 µm, the prognosis of LNMM patients was significantly 
better than that of positive LNM patients. Furthermore, 
LNMM was selected as an independent prognostic factor for 
patients with pN1 GC as well as the presence of postopera-
tive chemotherapy. Further verification may be needed in the 
future to confirm the appropriate cut-off values. However, 
we showed that the tumor size in metastatic LNs may have 
a strong impact on the prognosis.

Regarding adjuvant chemotherapy, advanced GC patients 
with serosa invasion or LNM are indicated for such treat-
ment in many institutions [20–22]. However, in the clinical 
setting, there is some debate as to whether or not adjuvant 
chemotherapy is actually necessary for early GC with LN 
metastasis and whether or not it should be performed for 
patients with pN1 advanced GC with severe comorbidities 
[23, 24]. The presence of surrogate markers that can stratify 
the prognosis and predict the benefits of adjuvant chemo-
therapy is of great importance in providing treatment to 
such patients. Adjuvant chemotherapy did not significantly 
improve the OS in GC patients with LNMM, but GC patients 
with positive LNM enjoyed a significant improvement in the 
OS with adjuvant chemotherapy. Adjuvant chemotherapy 
did not improve the prognosis of patients with LNMM GC 
because the prognosis of LNMM GC was relatively favora-
ble. Patients with LNMM GC have a 5-year survival rate 
of approximately 80%; therefore, the benefits of adjuvant 
chemotherapy may be minimal. In Japan, almost all insti-
tutes comply with the Gastric Cancer Treatment Guidelines 

Table 2  Clinicopathological characteristics of LNMM in patients 
with pN1 gastric cancer

LNM Lymph Node Metastasis, LNMM Lymph Node Micrometastasis
a Disease stage was defined in accordance with the UICC 8th tumor-
lymph node-metastases (TNM) classification
b Predominant histopathological finding
p Values are from χ2 test or Fisher’s exact test and were significant 
at < 0.05
Significant values are given in boldface

LNMM Positive LNM p value

Age, n
 ≺ 60 8 8 0.259
 60 ≤ 34 70

Gender, n
 Male 31 58 1.000
 Female 11 20

pT  stagea, n
 pT1 22 18 0.002
 pT2–4 20 60

Dissected LN < 15
 Present 5 13 0.597
 Absent 37 65

Lymphatic invasion, n
 Negative 7 4 0.049
 Positive 35 74

Venous invasion, n
 Negative 15 24 0.683
 Positive 27 54

Tumor size (mm), n
 ≺ 45 23 32 0.180
 45 ≤ 19 46

Histological  typeb, n
 Differentiated 29 62 0.264
 Undifferentiated 13 16

Macroscopic appearance, n
 Localize 25 36 0.184
 Diffuse 17 42

Adjuvant chemotherapy, n
 Present 24 38 0.445
 Absent 18 40

Fig. 2  The overall survival in pN1 GC patients with LNMM and pos-
itive LNM. The overall survival rates of LNMM were significantly 
higher than those of positive LNM in patients with GC. GC, gastric 
cancer; LNMM, lymph node micrometastasis; LNM lymph node 
metastasis
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of the Japanese Society of Gastric Cancer [6]. That is, 
LNMM is not a clinicopathological factor. The results of 
the present study may provide new treatment options for 
patients with pN1 GC.

Several limitations associated with the present study war-
rant mention. The study was conducted at a single center 
with small sample size and had a retrospective design; 
thus, we were unable to draw any concrete conclusions 
regarding the prognostic impact of LNMM with a cut-off 
value of 1500 µm. The tumor depth and size are among the 
most well-known and strongest prognostic factors in GC. 

Furthermore, in the present study, patients with deeper or 
larger tumors tended to have a poorer prognosis than others. 
However, because of the relatively small sample size due 
to the limitation of analyzing only pN1 cases, we did not 
detect a significant difference. Furthermore, the diagnosis 
of LNMM was made only on slides that cut the LN with 
the maximum diameter passing through the hilus; therefore, 
there may be larger tumor cell clusters in other slices of the 
specimen. However, in the clinical setting, the most com-
monly used final assessment method of LN metastasis is HE 
staining with formalin-fixed specimens on the plane of the 

Table 3  Cox proportional hazard model for 5-year overall survival in patients with pN1 gastric cancer

CI confidence interval, LNM Lymph Node Metastasis, LNMM Lymph Node Micrometastasis
Significant values are given in boldface.

Variable Univariate p value Multivariate p value
HR (95% CI) HR (95% CI)

Age, 60 ≤ vs. ≺ 60 2.80 (0.86–9.07) 0.087 – –
Gender, male vs. female 1.13 (0.57–2.24) 0.727 – –
pT2–4 vs. pT1 1.55 (0.80–3.02) 0.195 – –
Dissected LN, < 15 vs. 15 ≤ 2.05 (1.01–4.17) 0.047 2.04 (1.00–4.16) 0.049
Lymphatic invasion, positive vs. negative 1.86 (0.45–7.71) 0.391 – –
Venous invasion, negative vs. positive 1.01 (0.54–1.88) 0.987 – –
Tumor size (mm), 45 ≤ vs. ≺ 45 1.45 (0.79–2.67) 0.232 – –
Pathological type, undifferentiated vs. differenciated 1.17 (0.60–2.26) 0.650 – –
Macroscopic appearance, localize vs. diffuse 1.01 (0.56–1.84) 0.966 – –
Adjuvant chemotherapy, absent vs. present 2.66 (1.44–4.94) 0.002 2.61 (1.40–4.85) 0.002
Positive LNM vs. LNMM 2.46 (1.18–5.12) 0.016 2.46 (1.18–5.14) 0.016

Fig. 3  The overall survival of GC patients with LNMM (a) and positive LNM (b) according to the presence and absence of adjuvant chemo-
therapy. GC gastric cancer; LNMM lymph node micrometastasis; LNM lymph node metastasis
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maximum dimension of the node containing the hilus. This 
study aimed to prove that a small tumor size within meta-
static LNs was a prognostic biomarker for gastric cancer. 
Therefore, we feel that a simple and general method of diag-
nosing LNs with the maximum diameter passing through the 
hilus is most suitable for this study.

In conclusion, LNMM is associated with a favorable 
prognosis and may be an independent prognostic marker in 
patients with pN1 GC. Furthermore, there was no significant 
difference in the OS between GC patients with LNMM who 
received chemotherapy and those who did not. Owing to 
the favorable prognosis associated with LNMM, it may be 
a factor preventing adjuvant chemotherapy in patients with 
pN1 GC.

Acknowledgements Not applicable.

Authors’ contributions AY and KS designed the research. KS per-
formed the research. KS reviewed the surgical pathology. AY and KS 
analyzed the data. AY and KS wrote the paper. All authors read and 
approved the final manuscript.

Funding The authors declare that they have no funding.

Data availability All data generated or analyzed during this article are 
included in this published article. The data that support the findings of 
this study are available from the corresponding author, upon reason-
able request.

Declarations 

Conflicts of interest None of the authors have any conflicts of interest 
to disclose.

Ethics approval This study was approved by the Ethics Committee of 
the University of Yamanashi Hospital and was performed in accord-
ance with the ethical standards of the Declaration of Helsinki and its 
later amendments.

Informed consent Informed consent was obtained from the patient for 
the publication of these findings and accompanying images.

References

 1. Zhou J, Chen Q. Poor expression of microRNA-135b results 
in the inhibition of cisplatin resistance and proliferation 
and induces the apoptosis of gastric cancer cells through 
MST1-mediated MAPK signaling pathway. FASEB J. 
2019;33:3420–36.

 2. Kodama Y, Sugimachi K, Soejima K, Matsusaka T, Inokuchi K. 
Evaluation of extensive lymph node dissection for carcinoma of 
the stomach. World J Surg. 1981;5:241–8.

 3. Ohgaki M, Toshio T, Akeo H, Yamasaki J, Togawa T. Effect of 
extensive lymph node dissection on the survival of early gastric 
cancer. Hepatogastroenterology. 1999;46:2096–9.

 4. Otsuji E, Kuriu Y, Ichikawa D, Okamoto K, Hagiwara A, 
Yamagishi H. Tumor recurrence and its timing following 

curative resection of early gastric carcinoma. Anticancer Res. 
2003;23:3499–503.

 5. Maehara Y, Okuyama T, Moriguchi S, Orita H, Kusumoto 
H, Korenaga D, et al. Prophylactic lymph node dissection in 
patients with advanced gastric cancer promotes increased sur-
vival time. Cancer. 1992;70:392–5.

 6. Japanese gastric cancer treatment guidelines 2018. (5th ed.). 
Gastric Cancer. 2020.

 7. Sobin LH, Gospodarowicz MK, Wittekind C. International 
Union against cancer. TNM classification of malignant tumours 
Chichester West Sussex. Wiley-Blackwell; 2010.

 8. Zhou Y, Zhang GJ, Wang J, Zheng KY, Fu W. Current status 
of lymph node micrometastasis in gastric cancer. Oncotarget. 
2017;8:51963–9.

 9. Lee E, Chae Y, Kim I, Choi J, Yeom B, Leong AS-Y. Prognos-
tic relevance of immunohistochemically detected lymph node 
micrometastasis in patients with gastric carcinoma. Cancer. 
2002;94:2867–73.

 10. Yasuda K, Adachi Y, Shiraishi N, Inomata M, Takeuchi H, 
Kitano S. Prognostic effect of lymph node micrometastasis in 
patients with histologically node-negative gastric cancer. Ann 
Surg Oncol. 2002;9:771–4.

 11. Eguchi T, Kodera Y, Nakanishi H, Yokoyama H, Ohashi N, Ito 
Y, et al. The effect of chemotherapy against micrometastases 
and isolated tumor cells in lymph nodes: an in vivo study. Vivo. 
2008;22:707–12.

 12. Williams JR. The ethics activities of the World Medical Asso-
ciation. Sci Eng Ethics. 2005;11:7–12.

 13. Japanese classification of gastric carcinoma (3rd English ed.). 
Gastric Cancer. 2011;14:101–12.

 14. Fujiwara Y, Okada K, Hanada H, Tamura S, Kimura Y, Fujita 
J, et al. The clinical importance of a transcription reverse-tran-
scription concerted (TRC) diagnosis using peritoneal lavage 
fluids in gastric cancer with clinical serosal invasion: a prospec-
tive, multicenter study. Surgery. 2014;3:417–23.

 15. Yaguchi Y, Sugasawa H, Tsujimoto H, Takata H, Nakabayashi 
K, Ichikura T, et al. One-step nucleic acid amplification (OSNA) 
for the application of sentinel node concept in gastric cancer. 
Am Surg Oncol. 2011;8:2289.

 16. Natsugoe S, Arigami T, Uenosono Y, Yanagita S. Novel surgical 
approach based on the sentinel node concept in patients with 
early gastric cancer. Ann Gastroenterol Surg. 2017;1:180–5.

 17. Wang J, Yu JC, Kang WM, Wang WZ, Liu YQ, Gu P. The pre-
dictive effect of cadherin-17 on lymph node micrometastasis in 
pN0 gastric cancer. Ann Surg Oncol. 2012;19:1529–34.

 18. Kim JJ, Song KY, Hur H, Hur JI, Park SM, Park CH. Lymph 
node micrometastasis in node negative early gastric cancer. Eur 
J Surg Oncol. 2009;35:409–14.

 19. Morgagni P, Saragoni L, Scarpi E, Zattini PS, Zaccaroni A, 
Morgagni D, et  al. Lymph node micrometastases in early 
gastric cancer and their impact on prognosis. World J Surg. 
2003;27:558–61.

 20. Ito S, Ohashi Y, Sasako M. Survival after recurrence in patients 
with gastric cancer who receive S-1 adjuvant chemotherapy: 
exploratory analysis of the ACTS-GC trial. BMC Cancer. 
2018;18:449.

 21. Kim YJ, Chung WC, Youn GJ, Jun KH, Chin HM. The predic-
tive factors of gastric cancer recurrence after the completion 
of adjuvant chemotherapy in advanced gastric cancer. Rev Esp 
Enferm Dig. 2019;111:537–42.

 22. Xu X, Zheng G, Zhang T, Zhao Y, Zheng Z. Is pathologic tumor 
regression grade after neo-adjuvant chemotherapy a promising 
prognostic indicator for patients with locally advanced gastric 
cancer? A cohort study evaluating tumor regression response. 
Cancer Chemother Pharmacol. 2019;84:635–46.



 Surgery Today

1 3

 23. Saka M, Katai H, Fukagawa T, Nijjar R, Sano T. Recurrence in 
early gastric cancer with lymph node metastasis. Gastric Cancer. 
2008;11:214–8.

 24. Uchida M, Kondo Y, Suzuki S, Hosohata K. Evaluation of acute 
kidney injury associated with anticancer drugs used in gastric 
cancer in the Japanese adverse drug event report database. Ann 
Pharmacother. 2019;53:1200–6.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Prognostic impact of lymph node micrometastasis in patients with gastric cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	The histological evaluation of LNMM
	Statistical analyses

	Results
	Clinicopathological characteristics of patients
	Setting of the LNMM cut-off value that affects the prognosis
	Clinicopathological characteristics of patients with LNMM
	Prognostic impact of LNMM in patients with GC
	The prognosis of patients with LNMM GC with and without adjuvant chemotherapy

	Discussion
	Acknowledgements 
	References




