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Abstract
Background Even though indications for endoscopic resection (ER) in early gastric cancer are determined based on the 
potential risk of lymph node metastasis, the criteria for ER remain controversial. Sentinel node (SN) mapping for early gastric 
cancer can help determine regional lymphatic flow patterns. The aim of this study was to assess lymphatic flow according to 
the SN concept in patients with early gastric cancer, especially those who satisfy the expanded criteria for ER.
Methods We retrospectively enrolled 301 patients diagnosed with pT1 adenocarcinoma who had undergone gastrectomy with 
SN mapping and had no lymphovascular invasion. Patients were categorized into six groups based on oncological assessment. 
We analyzed lymphatic flow, including the number of identified SN and SN basin, and the rate of SN metastasis in each group.
Results Of the 301 patients, 128 (42.5%) met the criteria for ER, with 18 in the absolute group and 110 in the expanded 
group; 173 (57.5%) were assigned to the surgical group. SN metastasis rate tended to be higher in surgical group patients 
than in ER criteria patients. In the expanded criteria group, the sub-group of patients with intramucosal, undifferentiated 
adenocarcinoma measuring 20 mm or less had a significantly greater number of identified SNs (p = 0.013) and SN basins 
(p = 0.032). Furthermore, SN metastasis was observed only in this group.
Conclusions Patients with intramucosal, nonulcerated, undifferentiated adenocarcinoma measuring 20 mm or less could 
develop a lymphatic network. For these patients, careful follow-up is required after ER.
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Introduction

Early gastric cancer is defined as tumor invasion limited to 
the mucosal or the submucosal layer, irrespective of lymph 
node metastasis (LNM) [1], and the treatment approach to 
early gastric cancer is based on the potential risk of LNM. 
Endoscopic resection (ER) is deemed useful for tumors that 
have a very low probability of LNM and are suitable for 
en bloc resection. Owing to technical advances, ER can be 
safely used in early gastric cancer and could also help main-
tain patients’ quality of life after gastric resection. Japanese 
gastric cancer treatment guidelines provide two independ-
ent sets of indications for ER: (1) an absolute indication 
for standard ER and (2) an expanded indication for ER to 
be used as an investigational treatment. ER is the standard 
treatment for a differentiated-type adenocarcinoma with-
out ulcerative findings, with depth of invasion clinically 
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diagnosed as T1a, and a diameter < 2 cm [2]. However, ER 
criteria in patients who fulfill the criteria for investigational 
treatment, especially with undifferentiated type of tumor, 
remain controversial. Although Gotoda et al. [3] have pro-
posed expanded ER criteria that include undifferentiated 
intramucosal cancer or minute submucosal penetration 
(Fig. 1), some studies have reported the incidence of LNM 
in patients who satisfy the expanded criteria. Specifically, 
Kang et al. [4] have reported that LNM occurred in 15% of 
the patients with submucosal lesions who met the expanded 
criteria. Wang et al. [5] have also indicated that the rate 
of LNM was as high as 8.7% when expanded criteria were 
used. Furthermore, Oh et al. [6] have suggested that ER 
may not be a better option in patients with mucosal undif-
ferentiated cancer because undifferentiated-type cancer is 
significant risk factor of LNM even in mucosal carcinoma. 
Therefore, ER criteria require further evaluation from a dif-
ferent perspective.

Recently, sentinel node (SN) mapping has been applied to 
early gastric cancer, apart from melanoma [7, 8] and breast 
cancer [9], and the feasibility of SN mapping, according to 
the SN concept, has been demonstrated by some facilities, 
including our institution [10–13]. Additionally, gastrectomy 
with SN mapping, called SN navigation surgery, facilitates 
early recovery and prevents post-gastrectomy issues such 

as dumping syndrome and weight loss. SN is defined as the 
first lymph node that receives lymphatic drainage from the 
primary tumor, and this lymph node is thought to be the first 
possible site of micrometastasis (MM) in the direction of 
lymphatic flow from the primary lesion. Therefore, it may 
be possible to ascertain the status of regional lymphatic flow 
by evaluating SN pathology [12].

We hypothesized that there is a different status of regional 
lymphatic flows among the patients with early gastric ade-
nocarcinoma that satisfy ER criteria. These findings would 
facilitate in considering the indication of endoscopic treat-
ment. Thus, the aim of this study was to assess lymphatic 
flow during SN mapping in patients with early gastric can-
cer, especially those meeting expanded ER criteria. We think 
that the findings can help determine appropriate treatment 
strategies for early gastric cancer.

Materials and methods

Patients

We retrospectively enrolled 495 patients who were diag-
nosed with single-lesion cT1N0M0 gastric cancer and had 
undergone gastric surgery with SN mapping as the primary 

Fig. 1  Guidelines for endoscopic resection. Blue marker represents 
an absolute indication lesion for EMR/ESD, yellow represents an 
expanded indication lesion for ESD, and gray represents surgical 

indication. Moreover, upper, middle, and lower rows in each square 
indicate the number of identified SN, number of identified SN basins 
(1/2/3/4), and the rate of SN metastasis (95% CI), respectively
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treatment for gastric cancer at the Keio University, Tokyo, 
Japan, between November 1999 and December 2017. From 
these, we identified 301 patients who were diagnosed as 
pT1 with no lymphovascular invasion or identified SN. We 
excluded patients who had undergone ER as primary treat-
ment because the validity and accuracy of SN biopsy after 
endoscopic treatment has not been investigated fully [14]. 
Additionally, 2 patients in whom the SN remained unde-
tected were excluded.

Prior to treatment, patients were evaluated by upper 
gastrointestinal endoscopy, thoracic abdominal computed 
tomography, laboratory tests, and gastrography. Clinical 
cancer stage was determined according to Japanese gastric 
cancer treatment guidelines (4th edition) [2] and TNM clas-
sification [15]. Histological grading was performed accord-
ing to the Japanese Classification for Gastric Cancer [16]. 
Poor carcinoma, signet-ring cell carcinoma, and mucinous 
carcinoma were defined as undifferentiated adenocarcinoma, 
whereas papillary and tubular adenocarcinoma were defined 
as differentiated adenocarcinoma. In cases of mixed type 
tumors, histology was defined by the predominant compo-
nent. Detailed D2–40 staining was performed for the diag-
nosis of lymphovascular invasion, and Elastica van Gieson 
(EVG) staining was performed for the diagnosis of detailed 
vascular invasion diagnosis.

Based on oncological assessment, 301 patients were cat-
egorized into 6 groups as follows [3] (Fig. 1).

Group 1 (absolute criteria) Intramucosal, differentiated 
adenocarcinoma, measuring 20 mm or less, nonulcerated.

Group 2 (expanded criteria) Intramucosal, differentiated 
adenocarcinoma, larger than 20 mm, nonulcerated.

Group 3 (expanded criteria) Intramucosal, differentiated 
adenocarcinoma, measuring 30 mm or less, ulcerated.

Group 4 (expanded criteria) slight submucosal 
(<500  μm), differentiated adenocarcinoma, measuring 
30 mm or less.

Group 5 (expanded criteria) Intramucosal, undif-
ferentiated adenocarcinoma, measuring 20 mm or less, 
nonulcerated.

Group 6 (surgical criteria) Other intramucosal or sub-
mucosal lesions.

Hospital records were used to retrospectively retrieve 
clinical and demographic data, including age, gender, and 
pathological findings. We compared the results of SN map-
ping among the six groups described above.

SN mapping and surgical procedures

A dual-tracer method that utilized a radioactive colloid and 
a blue dye to detect SN was used [11]. We endoscopically 
injected 2 ml (150 MBq) of technetium-99m tin colloid solu-
tion into the gastric submucosal layer surrounding the pri-
mary tumor in four quadrants using an endoscopic puncture 

needle 1 day before gastric surgery. Additionally, we intra-
operatively injected blue dye (indocyanine green or 1% iso-
sulfan blue) in an identical manner. Within 15 min after the 
injection of the blue dye, SNs and blue-colored lymphatic 
vessels could be visually identified [12]. Simultaneously, a 
hand-held gamma probe (GPS navigator; RMD Instruments, 
Watertown, MA, USA) was used to detect radioactive SNs. 
LNs with radioactivity > 10 times the background activity 
and/or LNs that were stained blue were defined as SNs. The 
gastric lymphatic compartment was divided into five areas, 
viz., l-GA basin, including LNs 1, 3a, and 7; r-GA basin, 
including LNs 3b, 5, and 8a; l-GEA basin, including LNs 
4sa and 4sb; r-GEA basin, including LNs 4d and 6; and 
p-GA basin, including LN 11p [17]. The other LNs sur-
rounding the stomach (LNs 2, 9, 10, 11d, and 14v) were 
considered part of a sub-basin. The presence of metasta-
sis in SN was diagnosed by intraoperative hematoxylin and 
eosin (H&E) staining of a cut surface of a frozen section in 
each SN, considering that the surgical procedure was chosen 
according to the intraoperative SN mapping results. How-
ever, more detailed diagnoses, such as SN macrometastasis, 
MM, and isolated tumor-cell metastasis, were performed 
using formalin-fixed specimens postoperatively. According 
to the TNM classification system, SN macrometastasis was 
defined as the metastasis of tumor cells measuring ≥ 2 mm in 
SN, whereas a metastasis of < 2 mm in diameter is regarded 
as a MM. We also assessed single tumor cells or small clus-
ters of cells measuring < 0.2 mm in their longest dimension 
that could be detected using routine hematoxylin and eosin 
(H&E) staining on formalin-fixed specimens [15, 18]. If a 
more detailed diagnosis is needed, cytokeratin staining is 
performed.

Depending on the location of the main tumor and the SN 
basin and their sizes, we performed total, distal, proximal, 
pylorus-preserving gastrectomy, or local resection. If all SN 
metastasis were negative, we performed function-preserving 
procedures such as a local resection. However, in the cases 
with multiple SN basins, minimized surgery may be difficult 
to maintain blood flow in the remaining stomach even with-
out SN metastases. For such patients, radical gastrectomy 
was considered. This study was approved by the institutional 
review board of the Keio University School of Medicine, and 
informed consent for the entire procedure of SN mapping 
was obtained from all patients before surgery.

Statistical analysis

We used the χ2 test to analyze categorical variables and the 
Mann–Whitney U test to analyze continuous variables. One-
way analysis of variance (ANOVA) was used for compari-
sons among the three parameters of patients’ background. 
Statistical analyses were performed using Stata/SE 12.1 
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for Mac (Stata Corp, College Station, TX, USA) and a p 
value < 0.05 was considered significant.

Results

Background characteristics

We retrospectively enrolled 206 men and 95 women in 
this study with a mean age of 59.8 ± 11.1 years. Of these 
patients, 128 (42.5%) met the criteria for ER, with 18 in 
the absolute group and 110 in the expanded criteria group. 
Table 1 shows clinicopathological characteristics of the 
study population. The main tumor location was the mid-
dle gastric body (upper, 51; middle, 175; lower, 75), and 
mean tumor size was 27.5 ± 13.6 mm. Furthermore, 194 
(64%) underwent distal gastrectomy, 49 (16%) underwent 
pylorus-preserving gastrectomy, 44 (15%) underwent proxi-
mal gastrectomy, 8 (3%) underwent local resection, and 6 
(2%) underwent total gastrectomy. A comparison of the three 
groups, namely absolute, expanded and surgical criteria, 
showed significant differences in some factors such as gen-
der, tumor location, circumference, tumor size, pT, surgical 
procedure, and pathology (Table 1).

SN mapping

The SN detection rate was 99.3% (301/303) and the mean 
of identified SNs was 4.9 ± 3.0. In the intraoperative frozen 
section, the metastasis of SN was detected in 5 patients who 
were all included in surgical criteria, and metastatic SN was 
identified in 11 patients (3.6%) using formalin-fixed speci-
mens. Single SN basin was identified in 168 (56%) patients, 
96 (32%) had 2 SN basins, 33 (11%) had 3 SN basins, and 4 
(1%) had 4 SN basins. Figure 1 shows the number of SNs, 
SN basins, and rate of SN metastasis in the 6 groups.

First, we compared the LNM status among the 3 groups, 
viz, absolute, expanded and surgical criteria, and found that 
SN metastasis rate tended to be higher in the surgical criteria 
group than in the other groups (SN metastasis; p = 0.072, SN 
metastasis excluding ITC; p = 0.071). Non-SN metastasis, 
indicating the metastasis to lymph node that is not SN, was 
seen only in the surgical criteria group (Table 2). Regarding 
expanded criteria, we compared lymphatic flow, including 
number of SNs and SN basins, and rate of SN metastasis 
in 4 groups (group 2–5), and found that patients allocated 
to group 5 had significantly greater number of SNs and SN 
basins (Table 3). Although there was no significant differ-
ence in SN metastasis, SN metastasis was identified only in 
group 5. Supplemental Table 1 also shows a comparison of 
the six groups (groups 1–6).

Moreover, we identified a tumor lesion according to 
size, location, and circumference in cases with six or more 

SNs and cases with three or more basins for patients with 
expanded criteria (Fig. 2 and Supplemental Table 2). In 
group 5, as well as other groups, the tumor lesion was 
mainly located on the anterior wall–lesser curvature of the 
middle stomach.

Figure 3 shows details of SN distribution in one patient 
diagnosed with a 10-mm undifferentiated carcinoma and SN 
metastasis. In this patient, 8 LNs were identified as SNs 
and two SN metastasis were defined as isolated tumor cell 
(ITCs). Notably, metastasis was not evident during the sur-
gical procedure and was diagnosed based on pathological 
findings. Although single tumor cells were not detected by 
hematoxylin–eosin stain in the nodal tissue, cytokeratin 
immunostaining highlights nodal isolated tumor cell cluster 
with slightly malignant cytologic features.

Discussion

We have analyzed the status of lymphatic flow in early gas-
tric cancer based on SN mapping in a cohort of 301 patients 
and our results show that patients diagnosed with pT1a 
undifferentiated carcinoma of 20 mm or less can develop a 
robust lymphatic network and a large lymphatic flow.

Indications for ER in early gastric cancer have been 
reported, especially in intramucosal undifferentiated 
adenocarcinoma that is 20 mm or less in size. Hirasawa 
et al. [19] have reported no LNM in 301 patients with 
intramucosal cancers that were 20 mm or less in size and 
without lymphovascular invasion. Furthermore, Yamamoto 
et al. [20] have suggested the feasibility of ER for undif-
ferentiated adenocarcinoma [20]; therefore, the Japanese 
multi-institutional Phase II trial (JCOG1009/1010) was 
conducted to evaluate the efficacy and safety of ER in this 
patient group [21]. Additionally, as described before, pre-
vious studies have reported on the risk of LNM in this 
patient group. Pessorrusso et al. [22] report 7.7% LNM 
in patients with intramucosal, undifferentiated adenocar-
cinoma lesions. Abdelfatah et al. [23] have suggested an 
expansion of the indications for undifferentiated cancer 
that are 2 cm or less so that they are balanced with the 
risk of surgery, given that a meta-analysis has found an 
increased risk of LNM in these patients. However, in all 
these studies, the indications for ER have been discussed 
only based on LNM rate for each lesion. To the best of our 
knowledge, this is the first report to examine the extent of 
lymphatic flow based on the SN concept with an aim to 
reevaluate the expanded criteria. As described by us pre-
viously [24, 25], the number of identified SNs may indi-
cate the number of lymphatic flow paths that subsequently 
cause LNM [26]. Moreover, we believe that lymphatic net-
work development and a large lymphatic flow rate may be 
present in undifferentiated cancers, even with expanded 
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criteria, and that this may be associated with LNM. Waki-
saka et al. [27] have suggested that, in oral squamous cell 
carcinoma, lymph node lymphangiogenesis occurs prior 
to metastasis, and that it is associated with VEGF-A and 
VEGF-D expression. The expression of these proteins may 
be high in undifferentiated cancer due to higher malig-
nancy rate. Thus, it follows that the mechanism of LNM 

in SN, which is the initial site of metastasis, can be under-
stood better by verifying lymphangiogenesis.

We only observed ITC, as SN metastasis, in patients 
diagnosed with intramucosal, undifferentiated adenocar-
cinoma, measuring 20 mm or less, nonulcerated lesion 
(group5). The clinical significance of ITC remains unclear; 
however, Yanagita et al. [28] have clarified the presence of 

Table 1  Demographic and clinical characteristics

a One-way ANOVA

n = 301 Absolute (n = 18) Expanded (n = 110) Surgical (n = 173) p

Gender
 Male 206 (68%) 15 (83%) 86 (78%) 105 (61%) 0.003
 Female 95 (32%) 3 (17%) 24 (22%) 68 (39%)

Age 59.8 ± 11.1 62.2 ± 8.6 61.2 ± 10.2 58.7 ± 11.7 0.120a

Location
 Upper 51 (17%) 6 (33%) 25 (23%) 20 (12%) 0.042
 Middle 175 (58%) 8 (44%) 58 (53%) 109 (63%)
 Lower 75 (25%) 4 (22%) 27 (25%) 44 (25%)

Circumference 0.015
 Anterior wall 43 (14%) 3 (17%) 22 (20%) 18 (10%)
 Lesser curvature 123 (41%) 8 (44%) 51 (46%) 64 (37%)
 Posterior wall 87 (29%) 5 (28%) 29 (26%) 53 (31%)
 Greater curvature 48 (16%) 2 (11%) 8 (7%) 38 (22%)

Tumor size (mm) 27.5 ± 13.6 14 ± 3.8 23.2 ± 12.6 31.7 ± 13.1 < 0.001a

Histology
 Type 0–I 4 (1%) 1 (6%) 2 (2%) 1 (1%) 0.389
 Type 0–II 296 (98%) 17 (94%) 108 (98%) 171 (99%)
 Type 1 1 (0.3%) 0 0 1 (1%)

pT
 pT1a 223 (74%) 18 (100%) 97 (88%) 108 (62%) < 0.001
 pT1b(SM1) 32 (11%) 0 13 (12%) 19 (11%)
 PT1b(SM2) 46 (15%) 0 0 46 (27%)

Ulcer
 Negative 195 (65%) 18 (100%) 76 (69%) 101 (58%) 0.001
 Positive 106 (35%) 0 34 (31%) 72 (42%)

Surgical procedure
 Distal gastrectomy 194 (64%) 5 (28%) 62 (56%) 127 (73%) 0.007
 Total gastrectomy 6 (2%) 1 (6%) 2 (2%) 3 (2%)
 Proximal gastrectomy 44 (15%) 6 (33%) 20 (18%) 18 (10%)
 Pylorus-preserving gastrectomy 49 (16%) 5 (28%) 22 (20%) 22 (13%)
 Local resection 8 (3%) 1 (6%) 4 (4%) 3 (2%)

Pathology
 Undifferentiated 168 (56%) 0 33 (30%) 135 (78%) < 0.001
 Differentiated 133 (44%) 18(100%) 77 (70%) 38 (22%)

Number of identified SN 4.9 ± 3.0 4.1 ± 3.8 4.8 ± 3.1 5.0 ± 2.8 0.439a

Number of identified SN basin
 1 basin 168 (56%) 14 (78%) 65 (59%) 89 (51%)
 2 basins 96 (32%) 4 (22%) 35 (32%) 57 (33%)
 3 basins 33 (11%) 0 10 (9%) 23 (13%)
 4 basins 4 (1%) 0 0 4 (2%)
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proliferative activity of ITC, determined using IHC (immu-
nohistochemistry) for Ki-67. They have also suggested that 
ITC should be removed, especially during SN navigation 
surgery using SN mapping [28]. As we have described in 
a previous study, it may be sufficient to perform only a SN 
basin resection when an ITC alone is identified [25]. Taken 

together, these results imply that the optimal treatment 
modality in this group of patients may be a combination of 
ER and SN mapping. However, as the feasibility of SN map-
ping after ER needs to be established, a multicenter prospec-
tive Phase II study has been planned [14]. Another option is 
to perform non-exposed endoscopic wall inversion surgery 

Table 2  Comparison of metastatic status of lymph nodes among the 3 groups; absolute, expanded, and surgical criteria

a Macrometastasis + micrometastasis

n = 301 SN metastasis p SN metastasis 
(> 0.2 mm)a

p Non-SN metastasis p

Absolute criteria (n = 18) 0 0.072 0 0.071 0 0.690
Expanded criteria (n = 110) 1 (0.9%) 0 0

Surgical criteria (n = 173) 10 (5.8%) 7 (4.1%) 1 (0.6%)

Table 3  Comparison of the 
status of lymphatic flow in the 
expanded criteria group

Identified SN ≥ 6 p Identified SN 
basin ≥ 3

p SN metastasis p

Group2 (n = 34) 10 (29%) 0.013 2 (6%) 0.032 0 0.502
Group3 (n = 30) 6 (20%) 1 (3%) 0
Group4 (n = 13) 4 (31%) 0 0
Group5 (n = 33) 19 (58%) 7 (21%) 1 (3%)

Fig. 2  Tumor lesion based on location and circumference in cases 
with six or more SNs and cases with three or more basins. The num-
ber in gray circle indicates the proportion of lesion circumference; 
anterior wall, lesser curvature, posterior wall, and greater curvature. 
The red number indicates the proportion of lesion location; upper 
third of the stomach, middle third of the stomach, and lower third 

of the stomach. A–D The tumor lesion of patients in groups 2, 3, 4, 
and 5, respectively. The upper figure (2A-1, 2B-1, 2C-1, and 2D-1) 
denotes the tumor lesion in cases with six or more SNs, whereas the 
lower figure (2A-2, 2B-2, 2C-2, and 2D-2) depicts the tumor lesion in 
cases with three or more basins
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(NEWS), a new technique that involves full-thickness partial 
resection. This technique can minimize the extent of gastric 
resection during endoscopic and laparoscopic surgery, even 
without transluminal access [29]. Furthermore, compared to 
ER, the potential risk of residual cancer and delay in surgical 
treatment may be avoided.

The results reported here are useful for SN navigation 
surgery as there are few studies on the association between 
lymphatic flow and histological type in early gastric cancer. 
Lavy et al. [30] have reported a higher rate of SLN involve-
ment in a group of patients with poorly differentiated ade-
nocarcinoma than patients with moderately differentiated 
adenocarcinoma, which is similar to the results from the 
present study. Additionally, our results suggest that the opti-
mal surgical procedure can be decided based on preoperative 
histological findings. Last, these results also imply that indi-
vidualized treatment strategies can be provided based on the 
patients’ oncological background by combining endoscopic 
treatment and SN mapping.

Kinami et al. reported that basin distribution depends 
on the tumor size and location [17]. Thus, we also com-
pared the tumor lesion according to size, location, and cir-
cumference in cases with six or more SNs and cases with 

three or more basins for patients with expanded criteria. 
The tumor lesions between these groups had no marked 
difference; therefore, the lymphatic flow may be affected 
by the affinity of lymphatic invasion rather than the char-
acteristics of the occupying lesion.

The above notwithstanding, this study has some limita-
tions. First, this was a retrospective, single-center study 
that was limited to Japanese patients. Second, the results 
of procedures, including SN mapping, can be affected by 
training status. Third, there were discrepancies in pre- and 
postoperative histologic diagnosis in tumor lesion. Simi-
larly, Park et al. [31] have reported that 20% of patients 
diagnosed with differentiated cancer by endoscopic biopsy 
actually display undifferentiated histology during patho-
logical assessment. They also argue that these results in 
some tumors may be falsely categorized preoperatively, 
and that it consequently results in under- or over-estima-
tion of LNM risk. Fourth, because there is no evidence 
on whether ITC has a negative impact on prognosis, the 
efficacy of lymph node dissection for ITC remains unclear. 
Nonetheless, as described before, we suggest that ITC 
should be resected because of its proliferative activity to 
provide oncological safety by SN basin excision.

Fig. 3  Details of SN distribution in a patient with SN metasta-
sis. Gray, orange, and yellow colors indicate SN, SN metastasis, 
and tumor, respectively. a The location of tumor lesion, SN and SN 
metastasis. b The pathological images (cytokeratin immunostaining) 
of ITC. Although single tumor cells could not be detected by hema-

toxylin–eosin staining in the nodal tissue, a high magnification of ITC 
(blue inset; high-power view) showed that cytokeratin immunostain-
ing highlights the nodal isolated tumor cell cluster with slightly 
malignant cytologic features
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Conclusions

We describe the status of lymphatic flow in early gastric 
cancer based on SN mapping. Patients with intramucosal, 
nonulcerated, undifferentiated adenocarcinoma measuring 
20 mm or less could develop higher lymphatic networks and 
larger lymphatic flows than those in patients with adenocar-
cinoma that satisfy expanded ER criteria. For these patients, 
careful follow-up is required after endoscopic resection.
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