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Abstract
Sentinel lymph node (SLN) navigation surgery is 
accepted as a standard treatment procedure for 
malignant melanoma and breast cancer. However, 
the benefit of reduced lymphadenectomy based on 

SLN examination remains unclear in cases of gastric 
cancer. Here, we review previous studies to determine 
whether SLN navigation surgery is beneficial for gastric 
cancer patients. Recently, a large-scale prospective 
study from the Japanese Society of Sentinel Node 
Navigation Surgery reported that the endoscopic dual 
tracer method, using a dye and radioisotope for SLN 
biopsy, was safe and effective when applied to cases 
of superficial and relatively small gastric cancers. SLN 
mapping with SLN basin dissection was preferred 
for early gastric cancer since it is minimally invasive. 
However, previous studies reported that limited 
gastrectomy and lymphadenectomy may not improve 
the patient’s postoperative quality of life (QOL). As a 
result, the benefit of SLN navigation surgery for gastric 
cancer patients, in terms of their QOL, is limited. Thus, 
endoscopic and laparoscopic limited gastrectomy 
combined with SLN navigation surgery has the potential 
to become the standard minimally invasive surgery in 
early gastric cancer.
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Core tip: Recently, a large-scale prospective study 
reported that the endoscopic dual tracer method, 
using a dye and radioisotope for sentinel lymph node 
(SLN) biopsy, was safe and effective when applied to 
cases of superficial and relatively small gastric cancers. 
However, previous studies reported that limited 
gastrectomy and lymphadenectomy may not improve 
the patient’s postoperative quality of life (QOL). As a 
result, the benefit of SLN navigation surgery for gastric 
cancer patients, in terms of their QOL, is limited. Thus, 
endoscopic and laparoscopic limited gastrectomy 
combined with SLN navigation surgery has the potential 
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to become the standard minimally invasive surgery for 
early gastric cancer.
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INTRODUCTION
The sentinel lymph nodes (SLN) are defined as the 
first lymph nodes that drain from a primary tumour. 
The SLN concept was first introduced after reports that 
metastases of downstream lymph nodes were believed 
to be absent when no metastasis of the SLN was 
observed in patients with malignant melanoma (MM)[1]. 
SLN navigation surgery, based on the SLN concept, 
has since become accepted as a standard treatment 
procedure for MM. However, SLN navigation surgery 
has not been as effective in gastrointestinal (GI) 
cancers such as colorectal cancer and gastric cancer. 
In MM and breast cancer, limited lymphadenectomy 
based on the SLN examination has led to a decrease 
in postoperative lymph oedema and improvement in 
the patient’s postoperative quality of life (QOL)[2,3]. 
However, SLN navigation surgery has not been widely 
accepted for the treatment of GI cancers worldwide. 
Furthermore, the benefit of limited lymphadenectomy 
based on SLN examination remains unclear in cases of 
GI cancers.

In the present report, we review previous studies 
in the literature to determine whether SLN navigation 
surgery is beneficial in gastric cancer patients.

Is the sentinel lymph node 
concept acceptable for gastric 
cancer?
Currently, the application of the SLN concept to 
gastric cancer is controversial due to the complexity 
of the lymphatic drainage from gastric tumours. Since 
2000, several studies have been performed in cases 
of gastric cancer using the SLN concept in east Asian 
countries. The reported detection rates, sensitivity, 
and accuracy of the SLN examination procedure 
were 55%-100%, 40%-100%, and 70%-100%, 
respectively[4]. A meta-analysis of SLN examination 
with 46 studies, published between 2001 and 2009, 
which included 2684 gastric cancer patients was 
published[5]. The authors reported that the detection 
rate and sensitivity of SLN examination were 97.5% 
and 87.8%, respectively. The authors cautioned 
that SLN examination was probably not clinically 
valid for limited lymphadenectomy because of its 

low sensitivity and inter-study heterogeneity. They 
also reported that more than four collected SLNs 
was only associated with its higher sensitivity[5]. A 
different meta-analysis was subsequently published 
including 38 studies and 2128 patients[6]. In this 
meta-analysis, the detection rate, sensitivity, and 
accuracy of the SLN examination were concordance 
with the previous reports[4,5]. T stage, type of tracers, 
injection procedures, type of surgery (laparoscopic 
or open), and using immunohistochemistry for dia
gnosis or not were related to the detection rate and 
sensitivity. More recently, a multicentre prospective 
study from the Gastric Cancer Surgical Study Group 
of the Japanese Clinical Oncology Group (JCOG) was 
published[7]. This study revealed that the high false 
negative rates and the necessity of a learning curve, 
in addition to the pathological examination of only 
one frozen section, were limitations for detecting SLN 
metastasis. To overcome these limitations, a large-
scale prospective multicentre study was performed 
by the Japanese Society of Sentinel Node Navigation 
Surgery[8]. Twelve skilled institutes who experienced 
a lot of cases (> 30 cases) of SLN mapping took 
part in the study. cT1-2N0M0 gastric cancers < 4 
cm in diameter were included in this trial. Following 
examination of the identified SLNs during surgery, 
standard gastrectomy with D2 lymphadenectomy was 
performed according to the current Japanese gastric 
cancer treatment guidelines[9]. Eventually, 397 patients 
were included in the analysis. The detection rate, 
sensitivity, and accuracy of the SLN examination were 
97.5% (387/397), 93% (53/57), and 99% (383/387), 
respectively. Surprisingly, false-negative rate was 
only 1% (four patients). Three of these four patients 
had pathological lymph node metastases only in the 
lymphatic basin - a lymphatic area including SLNs and 
downstream lymphatic flow. The other one patient 
with a metastasis outside the lymphatic basin had a 
primary tumour with > 4 cm. These results suggest 
that the ‘‘lymphatic basin’’ based surgery rather than 
the ‘‘SLN’’ based surgery was recommended for 
early gastric cancer (EGC) treatment by the expert 
institutes.

How to detect the sentinel lymph 
node in gastric cancer?
At present, a radioisotope (RI) alone or with a dye 
are used as tracers for the detection of SLN in gastric 
cancer.

In the RI method, 99mTc-phytate or 99mTc-tin 
colloid is commonly applied as a tracer. Since the half-
life of 99mTc is approximately 6 h, the 99mTc RI tracer 
is injected endoscopically into the submucosa around 
the tumour 1 d before operation, and we measured the 
radioactivity of lymph nodes using a hand-held gamma 
probe at surgery. An important advantage of the RI 
method is the objective measurement of the intensity 
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of radioactivity and the detection of SLN even in thick 
intraperitoneal adipose tissues. Furthermore, RI tracers 
remain in the lymph nodes for a relatively long period 
of time and, therefore, are preferred in laparoscopic 
surgery. However, RI tracers are expensive and a 
radioactivity-controlled area is necessary when using 
radioisotopes. Therefore, the RI method is performed 
only in a limited number of institutes in Japan and 
South Korea[4,10-12]. 

Conversely, the dye method is widely used for 
the detection of SLN in gastric cancer. Indocyanine 
green (ICG), sulfan blue, and isosulfan blue are 
commonly used as a tracer. These were injected into 
the submucosa by intraoperative endoscopy, or into 
the subserosa from luminal outside. The enhanced 
visibility, low cost, safety, and the ability to stain not 
only the lymph nodes but also the lymphatic route are 
the reason why the dye method is widely used.

Recently, the double tracer method (i.e., dye and 
RI) has been recommended for reliable SLN detection 
in gastric cancer[8]. Moreover, a different type of 
fluorescence imaging system was developed for SLN 
navigation surgery[13]. The photodynamic eye (PDE; 
Hamamatsu Photonics, Hamamatsu, Japan) is able to 
visualize ICG fluorescence emitted by a light-emitting 
diode. The PDE visualizes SLNs and lymphatic vessels 
more clearly than the usual ICG staining method. In 
our institute, we have performed SLN biopsy using 
ICG fluorescence based on the established method 
for breast cancer[14]. We could detect minute SLN 
metastasis with this method (Figure 1). However, it is 
necessary to make the operating room pitch-darkness 
for detecting SLNs while performing SLN mapping 
using the PDE. However, newly developed ICG 
fluorescence systems such as the D-light P system (Karl 
Storz, Tuttlingen, Germany) do not need for switching 
off the room lights when we try to detect SLN. 
Moreover, with this system, we can perform the SLN 
examination even in laparoscopic surgery. Therefore, 
in the future, this may become the standard method 
to detect SLN in GI malignancies.

How to perform sentinel lymph 
node navigation surgery? 
In order to apply the results of SLN examination to 
surgery, accurate intraoperative diagnosis is required. 
Intraoperative diagnosis using hematoxylin and eosin 
(H-E) staining of a frozen section from the lymph node 
is the standard technique for SLN biopsy. However, 
the previous JCOG study questioned the reliability of 
frozen section examination using just one section[7]. 
In a Japanese multicentre trial, it was also reported 
that 24% of patients with SLN metastases that 
were diagnosed using permanent sections could not 
be identified using H-E staining of frozen sections 
collected during surgery[8]. Multistep level sections, 
immunohistochemistry[15,16], reverse transcription 
polymerase chain reaction (RT-PCR)[17-20], and the 
one-step nucleic acid amplification assay (OSNA)[21], 
have all been developed for reduction of the false-
negative rate and provide additional tools for diagnosing 
micrometastases in SLNs. By using both complete 
serial sectioning and immunohistochemistry, lymph 
node micrometastases were identified in four out 
of 35 patients (11%), and in six of the 1028 nodes 
(0.58%), where metastases were not detected with 
the permanent section method[15]. Shimizu et al[20] 
developed a more sensitive real-time RT-PCR method 
by using cytokeratin 19 (CK19) mRNA, cytokeratin 
20 (CK20) mRNA, and carcinoembryonic antigen 
(CEA) mRNA. They reported that 27% of patients with 
pathologically negative lymph nodes were positive for 
RT-PCR. In this study, there were seven cases (6.8%) 
that SLNs were negative but non-SLNs were positive 
for RT-PCR. However, three of these seven cases 
had RT-PCR positive lymph node in the same lymph 
node station as corresponding SLNs and four of seven 
cases had RT-PCR positive lymph node in the same 
lymphatic basin. In our previous study, lymph node 
micrometastases in pT1 cases were also limited to 
the perigastric lymph nodes near the primary tumour 
and the lymph node station along to the left gastric 
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Figure 1  Minute sentinel lymph nodes could not be detected by indocyanine green alone (left), but could be detected by using photodynamic eye (right).
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studies either involved small case series[29,31,33], or 
were single-centre or retrospective studies[29-33]. There 
is no published prospective randomised control trial 
(RCT) comparing the patient’s postoperative QOL 
between distal gastrectomy and PPG. Moreover, 
it has been reported that patient’s QOL following 
laparoscopy-assisted PPG is equivalent to that following 
laparoscopy-assisted distal gastrectomy[35]. With 
regard to the extent of lymphadenectomy, an RCT 
carried out in Taiwan reported that patients with D3 
lymphadenectomy showed no significant difference in 
short- and long-term QOL as compared to patients with 
D1 lymphadenectomy[36].

In summary, pylorus-preserving and limited lympha
denectomy may not improve the patient’s postoperative 
QOL following gastrectomy.

Future perspective
The indications for endoscopic treatments such as 
endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD) are limited to cases with 
(1) mucosal tumours; (2) histologically differentiated 
adenocarcinomas; (3) tumours < 2 cm in diameter; 
and (4) no ulcer or no ulcer scar in the lesions. This is 
because if the primary tumour meets these criteria, 
lymph node metastasis is considered to be absent[37,38]. 

Standard gastrectomy is recommended even for cT1 
gastric cancer, outside the general criteria for endoscopic 
treatments, in the recent Japanese Guideline for Gastric 
Cancer[37]. However, lymph node metastasis is present 
only in 10%-20% of such patients. Recent technical 
advances in endoscopic treatments have enabled the 
en-bloc resection regardless of the size and histological 
type of the gastric tumour. Theoretically, if all SLNs are 
histologically negative for cancer metastases, EMR/ESD, 
instead of gastrectomy, may be appropriate for the 
curative resection of cT1 EGC, outside the EMR/ESD 
criteria. A combination of laparoscopic SLN biopsy and 
EMR/ESD for cT1 EGC is a very attractive treatment 

artery according to lymph node mapping (Figure 2)[22]. 
Moreover, Kumagai et al[23] demonstrated that the 
sensitivity and specificity of the OSNA assay was higher 
than conventional H-E examination. Recently, it has 
been possible to reduce the detection time to 30-40 
min[24], and these novel molecular techniques have 
also raised the sensitivity to detect SLN metastases as 
part of the intraoperative diagnosis. It is very important 
to improve the precision of the intraoperative SLN 
metastases by developing new technologies[25-27]. 
However, increasing the diagnostic sensitivity leads 
to increased false-negative rates for such molecular 
diagnostic techniques. Therefore, the false-negative 
rates may never become zero even if there are 
further developments in molecular techniques in the 
future. Nonetheless, almost all studies investigating 
micrometastases in SLN examination support the 
oncological safety of lymphatic basin dissection 
(LBD)[15,20,28]. Currently, LBD is best method for limited 
lymphadenectomy in gastric cancer.

Is sentinel lymph node navigation 
surgery beneficial for gastric 
cancer patients?
If SLN navigation surgery is validated as a treatment, it 
will enable the omission of extended lymphadenectomy 
and will limit the area of gastrectomy [pylorus-pre
serving gastrectomy (PPG)/segmental gastrectomy]. 
A lot of investigators have reported postoperative 
objective and subjective outcomes of such limited 
surgery. These studies have reported that PPG leads 
to better maintenance of body weight[29], lower 
incidence of dumping syndrome or early emptying[30], 
mild regurgitation gastritis[31,32], less disturbed bowel 
movements[30], better preservation of gallbladder 
function[33], less post-gastrectomy syndrome[34], and 
lower incidence of cholecystolithiasis[32], as compared 
to conventional distal gastrectomy. However, such 
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Figure 2  Mapping of lymph node micrometastases detected by MUC 2 RT-PCR in pT1 gastric cancer according to the tumour location[20]. Circular dots 
represent lymph node micrometastases as detected by MUC 2 RT-PCR. Ca represents the tumour location.
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option as a novel minimally invasive approach. However, 
it is still arguable whether EMR/ESD would be sufficient 
to achieve negative vertical margin. Therefore, surgical 
or endoscopic full-thickness resection is oncologically 
safer than EMR/ESD. Recently, laparoscopic full-
thickness resection was developed for gastric tumours. 
However, this procedure may be associated with the 
iatrogenic dissemination of cancer cells due to the 
exposure of the gastric mucosa to the peritoneal 
cavity. Nunobe et al[39] developed a modified method 
for laparoscopic and endoscopic cooperative surgery 
(LECS) to avoid such dissemination. More recently, 
different techniques have been developed, such as the 
combination of laparoscopic and endoscopic approaches 
to neoplasia with a non-exposure technique (CLEAN-
NET)[40], and non-exposed endoscopic wall-inversion 
surgery (NEWS)[41]. Such techniques theoretically avoid 
the gastric mucosa from exposing to the peritoneal 
cavity. These novel techniques with SLN mapping are 
expected to enable the appropriate treatment of EGC 
when EMR/ESD is not applicable. Recently, SENORITA 
trial (NCT01804998) has been conducted in South 
Korea. This study is a multicenter phase Ⅲ randomized 
control trial (RCT) enrolling 580 patients. This trial is the 
first large scale RCT to confirm the usefulness of SLN 
navigation surgery for EGC, which is not suitable for 
EMR/ESD. We need to pay attention to the final result 
of this study.

CONCLUSION
The benefit of SLN navigation surgery for gastric 
cancer patients, in terms of the postoperative 
QOL, is limited. EMR/ESD and laparoscopic limited 
gastrectomy combined with SLN navigation surgery 
have the potential to become the standard minimally 
invasive surgery for EGC patients.
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