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Abstract

Background The clinical application of sentinel node

navigation surgery (SNNS) for patients with gastric cancer

requires accurate intraoperative diagnosis of lymph node

metastasis. However, the clinical significance of the diag-

nosis of lymph node micrometastasis for gastric cancer has

not been established. In this study, we evaluated lymph

nodes dissected during SNNS by immunohistochemistry

with anti-cytokeratin antibody (IHC) staining for gastric

cancer to investigate the usefulness of SNNS.

Patients and methods The subjects were 130 patients

with gastric cancer (3,381 lymph nodes) who underwent

SNNS with infrared ray observation and lymph node dis-

section of D1?a or more. The dissected lymph nodes were

stained with IHC (CAM 5.2), and the results were com-

pared with intra- and postoperative diagnoses by hema-

toxylin and eosin (H&E) staining. In addition, the

association of metastatic lymph nodes and ICG-positive

lymph nodes was examined.

Results The number of patients (lymph nodes) with

lymph node metastasis by HE and IHC staining was 16 (52

nodes) and 31 (91 nodes), respectively. Fifteen patients (27

nodes) diagnosed with pN0 by HE staining were diagnosed

to be metastatic by IHC staining. The tumor depth of these

patients was pT1 in ten patients (m, 3; sm, 7) and pT2 in

five (mp, 4; ss, 1). Regarding the histological type, three

patients were classified as well-differentiated type, while

six patients each had moderately and poorly differentiated

types. The grade of lymphatic invasion was ly0 in 5, ly1 in

6, and ly2 in 4, respectively. Histological assessment of 27

IHC-positive and HE-negative cells indicated 5 single

cells, 16 clusters, and 6 micrometastases. These lymph

nodes were all included in the sentinel nodes (SN) identi-

fied during surgery. All but one patient (0.8%) were

recurrence-free at 2–8 years after surgery (median

74.7 months). The one patient developed anastomotic

recurrence 4.5 years after the first operation and died.

Conclusion Since all 27 lymph nodes in 15 patients with

metastasis by IHC staining but not by HE staining were

micrometastasis or less and included in the SN, ICG-

positive lymphatic basin dissection by SNNS with infrared

ray observation seems to be an adequate method of lymph

node dissection for gastric cancer.

Keywords Sentinel node navigation surgery � Infrared

ray � Micrometastasis � Cytokerartin � Gastric cancer

Introduction

In Japan, D2 lymph node dissection in gastric cancer surgery

is a standard technique for advanced gastric cancer to

achieve acceptable long-term outcomes [1]. Recently,

however, partial lymph node dissection and limited surgery

for early gastric cancer have been described in the guidelines

from the Japanese Gastric Cancer Association [2]. Among

early gastric cancers, intramucosal carcinoma has been

shown to exhibit minimal change of lymph node metastasis,

for which endoscopic mucosal resection (EMR) and endo-

scopic submucosal dissection (ESD) are commonly
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performed [3]. Although approximately 20% of cancers

clinically diagnosed as intramucosal carcinoma have been

confirmed to invade the submucosa (SM) or more by path-

ological diagnosis [4], Gotoda et al. [5] showed that no

lymph node metastasis was evident in gastric cancers that are

SM1, differentiated carcinoma without lymphatic invasion,

and 3 cm or less in size. Since patients without such factors

or those who have the possibility for lymph node metastasis

based on pathological findings diagnosed after EMR or ESD

are treated with salvage surgery associated with lymph node

dissection, it should be reasonable to establish to what extent

lymph node dissection should be performed. One of these

approaches is the sentinel node (SN) concept, which has

recently attracted attention in malignant melanoma and

breast cancer [6, 7].

Many clinical studies on SN for gastric cancer have been

conducted in Japan and have shown good results [8–23].

We invented an infrared ray observation method for SN

identification and performed sentinel node navigation sur-

gery (SNNS) [17, 20]. However, this approach cannot be

applied in practice without accurate intraoperative meta-

static diagnosis of the identified SN. Accurate intraopera-

tive diagnosis of lymph node metastasis is very important

for developing the strategy to perform minimally invasive

surgery. Thin slice and immunostaining are considered

ideal for rapid intraoperative diagnosis and are feasible in

many institutions these days, but we mostly had to choose

hematoxylin and eosin (H&E) staining of frozen sections.

We examined all of the lymph nodes dissected in SNNS

stained with H&E as well as immunohistochemistry with

anti-cytokeratin antibody (IHC) to investigate whether

intraoperative diagnosis was possible and whether clinical

application of SNNS by infrared ray observation is

feasible.

Patients and methods

The subjects were 130 patients with gastric cancer clin-

ically diagnosed as T1(109 patients, 84%) or T2 (21

patients, 16%) and N0 who underwent SNNS with

infrared ray observation and lymph node dissection of

D1?a or more from July 2000 to August 2006. As for

lymph node dissection, we performed D1?a or b for cT1

and D2 for cT2, following the guidelines from the Jap-

anese Gastric Cancer Association [2]. The definite path-

ological examination included H&E staining as well as

IHC on one slice per node, taken from the mid-portion of

the node (CAM 5.2; Becton Dickinson, San Jose, CA,

USA). To identify the SN, 0.5 ml of a 0.5-mg/ml indo-

cyanine green (ICG; Diagnogreen, Daiichi Sankyo Co.,

Ltd., Japan) was injected endoscopically at four points

around the cancer after laparotomy or insertion of a

laparoscope under general anesthesia, and ICG-stained

lymphatic vessels and nodes were observed using infrared

ray electronic endoscopy (IREE, Olympus Optical,

Tokyo, Japan) 20 min later. All lymph nodes stained

during the specified time were defined as ICG-positive

lymph nodes and considered to be SN. In general, lym-

phatic basin dissection (LBD) [11] was performed, and

the SN was examined by intraoperative diagnosis of a

frozen section. In patients treated with LBD, SN identi-

fication of other lymphatic basins was not performed

after surgery. In patients not treated by LBD, SN iden-

tification of intraoperative ICG-positive lymphatic basins

was performed after surgery. For diagnosis of lymph

node metastasis, all dissected lymph nodes were first

stained with HE, followed by IHC on the consecutive

slice. In the diagnosis of metastasis by IHC staining,

IHC-positive cells were classified as macrometastases

([2 mm), micrometastases (0.2–2 mm), or isolated tumor

cells (ITC \0.2 mm) [24]. ITCs were further classified

into two subcategories, single cell and cluster. Patho-

logical characteristics of patients diagnosed as having

metastases by IHC staining but not by HE staining were

examined.

Results

The sentinel node was identified in all 130 patients (100%).

The sensitivities of HE and IHC staining were both 100%

(Table 1).

Of 130 patients, lymph node metastasis was detected by

HE and IHC staining in 16 (12%) and 31 (24%), respec-

tively. Of 114 patients who did not have lymph node

metastases by HE staining, 15 (13%) were diagnosed with

lymph node metastasis by IHC staining. Of 3,381 lymph

nodes, 52 (2%) and 91 (3%) were diagnosed as metastatic

nodes by HE and IHC staining, respectively (Table 2). No

lymph nodes diagnosed positive for metastasis by HE

staining were negative by IHC staining.

The pathological characteristics of the 15 patients

diagnosed with pN0 by HE staining but with pathological

Table 1 Sentinel node identification rate and sensitivity with infrared

ray observation

SN identification rate Sensitivity

HE IHC

130/130

(100%)

16/16

(100%)

31/31

(100%)

HE Hematoxylin and eosin staining, IHC immunohistochemistry with

anti-cytokeratin antibody staining
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metastastic node (pN?) by IHC staining were as follows:

the tumor depth was SM2 or more in 11 (73%), SM2 in 6,

MP in 4, and SS in 1, and the histological type was mod-

erately to poorly differentiated type in 12 (80%), moder-

ately in 6, and poorly in 6 patients. Lymphatic invasion was

positive in 10 patients (75%), ly1 in 6, and ly2 in 4

(Table 3). All 27 lymph nodes positive for ICG with

infrared ray observation had micrometastasis or less (single

cell 5, cluster 16, micrometastasis 6) (Table 4).

All but one patient (0.8%) were recurrence-free with a

follow-up period of 2–8 years (median 74.7 months) after

surgery. The recurrent case was a 74-year-old patient with

a T1N1 type 0–IIc signet cell tumor, 85 mm in diameter.

This patient underwent total gastrectomy with free tumor

margins and pick up of the SNs (Japanese node station

numbers 3 and 4d). The frozen section of the SN was

positive, and therefore D2 lymph node dissection was

performed after the SN procedure. The final pathology

report showed two metastatic nodes that were both SNs.

This patient developed anastomosis recurrence 4.5 years

after the first operation and died.

Discussion

Kitagawa et al. [8] reported good outcomes of radioisotope

(RI)-combined gastric cancer SNNS with SN identification

(35/36, 97%), accurate diagnosis (35/35, 100%), and sen-

sitivity (5/5, 100%). Hayashi et al. [13] achieved 100%

identification and accurate diagnosis rates by a combina-

tion of RI and staining. We invented an infrared ray

observation method using IREE to obtain a similar iden-

tification rate to RI-combined staining and reported good

outcomes with 100% identification and accurate diagnosis

and sensitivity [17]. Also in this study, the SN identifica-

tion rate and sensitivity were both 100%. Therefore, the

infrared ray observation method was a useful method for

detecting lymph node metastasis for standard gastrectomy

and lymph node dissection.

To perform limited surgery associated with SNNS,

accurate intraoperative diagnosis of lymph node metastasis

is essential. In gastric cancer, Isozaki et al. [25] and Na-

tsugoe et al. [26] reported that lymph node micrometastases

were identified in 10–30% of specimens by step sectioning

or IHC. Our results were similar to these studies, and 13%

of patients diagnosed with no metastasis by H&E staining

were judged lymph node positive by IHC staining. In breast

cancer, 18% of patients diagnosed as having no SN

metastasis by HE staining were diagnosed with microme-

tastasis by IHC staining, which failed to demonstrate any

effect on prognosis during the mean observation period of

40 months [27]. Ishida et al. [28] reported that the presence

of micrometastases in lymph nodes was indispensable in

determining the prognosis of patients with gastric carci-

noma. Saito et al. showed in 765 patients with early gastric

cancer who were node negative by H&E staining but had

micrometastasis by IHC staining that 6 patients (0.8%)

exhibited recurrence of carcinoma. They advised that

micrometastasis was an important prognostic factor and

should be followed up for a long time [29]. Therefore,

development of an accurate method for rapid intraoperative

identification of metastatic lymph nodes in early gastric

Table 2 Diagnosis of lymph node metastasis stained by HE and IHC

Positive staining

HE IHC

Patients (n = 130) 16 (12%) 31 (24%)

Lymph nodes (n = 3,381) 52 (2%) 91 (3%)

Fifteen patients (27 nodes) diagnosed as pN0 by HE staining were

judged to be metastatic by IHC staining

HE Hematoxylin and eosin staining, IHC immunohistochemistry with

anti-cytokeratin antibody staining

Table 3 Pathological characteristics of the 15 patients diagnosed as

pN0 by HE staining but pN? by IHC

Deptha M 3 SM2 6

SM1 1 MP 4

SS 1

SE 0

4 (27%) 11 (73%)

Histological typeb Well 3 Moderate 6

Poor 6

3 (20%) 12 (80%)

Lymphatic invasion ly0 5 ly1 6

ly2 4

ly3 0

5 (33%) 10 (67%)

a Classification of Japanese Gastric Cancer Association
b Signet-ring cell carcinoma was included in poorly differentiated

adenocarcinoma

Table 4 Histological assessment of 27 IHC-positive but HE-negative

lymph nodes

Lymphatic basins

Inside Outside

ICG? ICG-

Isolated tumor cell (\0.2 mm)

Single cell 5 0 0

Cluster 16 0 0

Micrometastasis (0.2–2 mm) 6 0 0

Macrometastasis ([2 mm) 0 0 0
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cancer is required. Matsumoto et al. [30] reported that rapid

intraoperative immunostaining was a simple and useful

technique for detecting lymph node micrometastasis.

Yanagita et al. [22] showed that as a consequence of recent

advances in RT-PCR technology, it now requires about

30–40 min to determine micrometastasis status. The com-

bination of this method with SNNS may allow accurate

intraoperative diagnosis of lymph node metastasis.

Kim et al. [31] indicated that lymphatic invasion and

tumor size were important risk factors for micrometastasis.

Our results also showed that micrometastasis was more

frequent in patients with moderately to poorly differenti-

ated adenocarcinoma with a tumor depth of SM2 or more

and lymphatic invasion.

Ajisaka and Miwa [15] reported that lymph node

metastasis was completely resected by LBD because all

non-SN with micrometastasis by IHC staining and PCR

assay was located in the same lymph node basin. Based on

the above, Kitagawa et al. [19] proposed a combined

method of LBD with wedge gastric resection or segmental

gastrectomy in patients with no metastasis in the SN. Ki-

nami et al. [23] established a dissection line in zones P, T,

and D considering SN mapping. Also in this study, all

lymph nodes diagnosed as metastatic by IHC staining but

not by HE staining were classified as micrometastasis or

less, and were detectable as ICG positive by the infrared

ray method.

Lymph nodes with macrometastases can be diagnosed

by intraoperative frozen section with HE staining, while

micrometastases by HE staining alone are likely to be

overlooked. Nevertheless, such lymph nodes can be com-

pletely removed by LBD. Therefore, ICG-positive lym-

phatic basins are first dissected by IREE, and the lymph

nodes identified as SN are assessed by intraoperative frozen

section diagnosis with HE staining. If the metastasis is

found to be positive, D2 lymph node dissection is subse-

quently conducted. However, if the finding is negative, a

limited surgery, such as wedge or segmental resection, can

be applied. Micrometastasis can be completely removed by

LBD, and an adequate effect of lymph node dissection is

anticipated. This approach requires no intraoperative RT-

PCR diagnosis or IHC staining. However, it is absolutely

necessary to carefully follow up such patients.
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