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Abstract

BACKGROUND

Lymphatic basin dissection is a sentinel node biopsy method that is specific for
gastric cancer. In this method, the dyed lymphatic system is dissected en bloc, and
sentinel nodes are identified at the back table (ex vivo). Even with lymphatic basin
dissection, blood flow to the residual stomach can be preserved, and function-
preserving curative gastrectomy can be performed. The oncological safety of
function-preserving curative gastrectomy combined with lymphatic basin
dissection has not yet been fully investigated. We hypothesized that the
oncological safety of sentinel node navigation surgery (SNNS) is not inferior to
that of the guidelines.

AIM
To investigate the life prognosis of SNNS for gastric cancer in comparison with
guidelines surgery.

METHODS
This was a retrospective cohort study. Patients were selected from gastric cancer
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patients who underwent sentinel node biopsy from April 1999 to March 2016.
Patients from April 1999 to August 2008 were from the Department of Surgery II,
Kanazawa University Hospital, and patients from August 2009 to March 2016
were from the Department of Surgical Oncology, Kanazawa Medical University
Hospital. Patients who were diagnosed with gastric cancer, which was preoper-
atively diagnosed as superficial type (type 0), 5 cm or less in length, clinical T1-2
and node negative, and underwent various gastrectomies guided by sentinel node
navigation were retrospectively collected. The overall survival (OS) and relapse-
free survival (RFS) of these patients (SNNS group) were investigated. Patients
with gastric cancer of the same stage and who underwent guidelines gastrectomy
with standard nodal dissection were also selected as the control group.

RESULTS

A total of 239 patients in the SNNS group and 423 patients in the control group
were included. Pathological nodal metastasis was observed in 10.5% and 10.4% of
the SNNS and control groups, respectively. The diagnostic abilities of sentinel
node biopsy were 84% and 98.6% for sensitivity and accuracy, respectively. In the
SNNS group, 81.6% of patients underwent modified gastrectomy or function-
preserving curative gastrectomy with lymphatic basin dissection, in which the
extent of nodal dissection was further reduced compared to the guidelines. The
OS rate in the SNNS group was 96.8% at 5 years and was significantly better than
91.3% in the control group (P = 0.0014). The RFS rates were equal in both groups.
After propensity score matching, there were 231 patients in both groups, and the
cumulative recurrence rate was 0.43% at 5 years in the SNNS group and 1.30% in
the control group, which was not statistically different.

CONCLUSION
The oncological safety of patients who undergo gastrectomy guided by sentinel
node navigation is not inferior to that of the guidelines surgery.

Key Words: Early gastric cancer; Sentinel node biopsy; Function preserving surgery;
Lymph node dissection; Gastrectomy; Lymphatic basin dissection

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The oncological safety of 239 patients with early-stage gastric cancer who
underwent sentinel node navigation surgery was investigated. In total, 81.6% of
patients underwent modified gastrectomy or function-preserving curative gastrectomy
with lymphatic basin dissection, and the extent of nodal dissection was reduced
compared to the guidelines. The overall survival rate at 5 years was significantly better,
and the cumulative recurrence rate was equal to that of the control group in original
data sets and propensity score-matched comparisons. The oncological safety of patients
undergoing gastrectomy guided by sentinel node navigation is not inferior to that of the
guidelines surgery.

Citation: Kinami S, Nakamura N, Miyashita T, Kitakata H, Fushida S, Fujimura T, Tida Y, Inaki
N, Ito T, Takamura H. Life prognosis of sentinel node navigation surgery for early-stage gastric
cancer: Outcome of lymphatic basin dissection. World J Gastroenterol 2021; 27(46): 8010-
8030

URL: https://www.wjgnet.com/1007-9327/full/v27/i46/8010.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i46.8010

INTRODUCTION

The basic treatment for early gastric cancer not indicated for endoscopic submucosal
dissection (ESD) is gastrectomy with lymph node dissection[1,2]. The range of prophy-
lactic lymphadenectomy is determined in the greatest common denominator based on
past data of lymph node metastasis, because most metastases to regional lymph nodes
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in early gastric cancer cannot be determined without pathological specimens. The
Japanese Gastric Cancer Treatment Guidelines[3] recommends D1 + and D1 as the
range of nodal dissection for cT1NO cancer. D1 + requires sacrificial resection of most
of the feeding arteries, resulting in the need for extensive gastrectomy. However,
patients with nodal metastasis account for only approximately 20% of surgical patients
with early gastric cancer. Excessive gastrectomy is performed in 80% of patients with
early gastric cancer[4].

The preoperative diagnosis of lymph node metastasis is limited[5-11]. If lymph node
metastasis can be diagnosed intraoperatively and node-negative patients can be distin-
guished, excessive dissection and extensive gastrectomy can be avoided. Currently, the
most effective method for diagnosing lymph node metastasis is sentinel lymph node
biopsy[12-27].

The sentinel lymph nodes of gastric cancer can be identified by administering a
tracer with lymph-palatability to the submucosa using a gastroscopic injection needle
and regarding the tracer-taking lymph nodes as sentinel nodes[14,15,24-26]. However,
intraoperative pathological diagnosis of lymph node metastasis remains difficult[28].
Genetic diagnosis[29-33] is still in the research phase and, at present, we have to rely
on intraoperative rapid frozen section diagnosis, but this method is accompanied by
false negatives. Unlike breast cancer, reoperation for additional nodal dissection or
additional radiation therapy is not acceptable in the case of gastric cancer. Therefore, a
certain range of nodal dissection is necessary even in patients who are node negative
by sentinel node biopsy. In view of these trends, Miwa[34] proposed lymphatic basin
dissection, which is a sentinel node biopsy method specific for gastric cancer. In dye-
based sentinel node biopsy, the lymphatic system specific to gastric cancer is stained
by a dye tracer that is administered to the stomach and drains into the lymphatic
system. The lymphatic system is then dissected en bloc and sentinel nodes are
identified at the back table (ex vivo) in this method. This method not only reduces the
difficulty of sentinel node biopsy, but also serves to a certain extent as backup
dissection to cover false negatives of rapid intraoperative diagnosis. Even with
lymphatic basin dissection, blood flow to the residual stomach can be preserved and
function-preserving curative gastrectomy can be performed instead of extensive
gastrectomy (Figure 1)[4,35].

Lymphatic basin dissection has been evaluated as a certain sentinel lymph node
biopsy for gastric cancer[4,15,36]. However, the oncological safety of function-
preserving curative gastrectomy combined with lymphatic basin dissection has not yet
been fully investigated. In this study, we investigated the life prognosis of patients
who underwent sentinel node navigation surgery (SNNS) for gastric cancer in
comparison with standard surgery.

A prospective nation-wide study is currently undergoing in Japan to verify the
oncological safety of the tailor-made surgical strategy guided by sentinel node
navigation[37]. However, it is not a comparative study, and a control group has not
been set due to difficulty in clinical circumference. In contrast, standard surgery
performed at our facility complies with the Japanese guidelines has been performed as
the routine medical treatment simultaneously and in parallel with the clinical trial of
SNNS by the first author, which made it possible for us to compare the prognoses
retrospectively. Therefore, we conducted this retrospective comparative study on
patients who underwent SNNS and those who underwent the standard surgery
performed as per the guidelines. The sentinel node biopsy is a diagnostic method for
lymph node metastasis, and its applicability is determined based on the preoperative
findings. To reproduce the findings of the prospective study, we selected patients with
preoperative findings that were the same as those with indications for SNNS, and
verified them using propensity score matching.

MATERIALS AND METHODS

This was a retrospective cohort study. Patients were selected from gastric cancer
patients who underwent sentinel node biopsy by the first author (SK) from April 1999
to March 2016. The inclusion criteria were as follows: Age between 20 and 85 years;
American Society of Anesthesiologists physical status (ASA-PS) 1-2 and tolerance to
general anesthesia and gastrectomy; superficial type (type 0); preoperative diagnosis
of 5 cm or less in length; preoperative diagnosis of T1 or T2 (clinical T1-2); node-
negative preoperative diagnosis by X-computed tomography (CT); preoperative
confirmation of adenocarcinoma by endoscopic biopsy; and reliable medical records.
Conversely, patients with synchronous multiple advanced cancers in other organs,
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Figure 1 Schemas of standard gastrectomy, modified gastrectomy due to guidelines, and the function-preserving curative gastrectomy
with lymphatic basin dissection. The red circle indicates the tumor, the green colored area indicates the extent of lymph node dissection, and the orange area
indicates the extent of gastrectomy. The extent of nodal dissection in standard gastrectomy and modified gastrectomy according to the guidelines was D1 +. In
contrast, the extent of nodal dissection in lymphatic basin dissection was defined as DO. GL: Japanese gastric cancer treatment guidelines; DG: Distal gastrectomy;
TG: Total gastrectomy; PPG: Pylorus-preserving gastrectomy; PG: Proximal gastrectomy; MPG: Mini-proximal gastrectomy; SG: Segmental gastrectomy; MDG: Mini-
distal gastrectomy; LR: Local resection.

with severe comorbidities, and those with an Eastern Cooperative Oncology Group
Performance Status (ECOG PS) of 3 or higher were excluded. Patients from April 1999
to August 2008 were from the Department of Surgery II, Kanazawa University
Hospital, and patients from August 2009 to March 2016 were from the Department of
Surgical Oncology, Kanazawa Medical University Hospital.

For patients in the control group, early gastric cancer patients who underwent
gastrectomy without sentinel node biopsy were extracted at the same time in the
Department of Surgery II, Kanazawa University Hospital, and Department of Surgical
Oncology, Kanazawa Medical University Hospital. The inclusion and exclusion
criteria were the same as those of patients with sentinel node biopsy. In these patients,
the standard surgeries in accordance with the Japanese guidelines[3] were mainly
applied without mapping. The choice between mapping and non-mapping patients
was mainly determined by the surgeon in charge. However, at both Kanazawa
University Hospital and Kanazawa Medical University Hospital, a limited number of
surgeons with the same treatment strategies and the same surgical skills were in
charge of the gastrectomies.

The sentinel node biopsy methods used at Kanazawa University Hospital were the
blue dye method, RI colloid method, and the combination method of blue dye and RI
colloid. The dye tracers were patent blue or Lymphazurin, and the RI colloid tracers
were #“™Tc-tin colloid or #~Tc-phytate, which were endoscopically administered into
the submucosal layer at four points around the tumor. The RI colloid was admini-
stered at 0.5 mL per site the day before surgery, and the blue dye was administered
intraoperatively at 0.2 mL per site. The lymphatic basins were defined as the
lymphatic system that was stained within 20 min after dye injection. The blue nodes
were defined as nodes stained blue, and hot nodes were defined as nodes with
radioactivity of more than 10 counts per second by using the gamma probe (Navigator
GPS, Tyco Health Care, Mansfield, United States), and these were regarded as the
sentinel nodes[14,36].

The indocyanine green (ICG) fluorescence method was used in Kanazawa Medical
University Hospital[26]. ICG was adjusted to 50 pg/mL and endoscopically
administered at 0.5 mL per site to the submucosal layer at four points around the
tumor the day before surgery. Intraoperatively, ICG fluorescence was observed using
a photodynamic eye (PDE, Hamamatsu Photonics, Shizuoka, Japan). The lymphatic
basins were defined as the lymphatic system that was detected with fluorescent
lymphatics, and the obvious fluorescent nodes were regarded as sentinel nodes.
According to a previous report[36], lymphatic basins were integrated into the five
lymphatic areas, except for the lymphatic flow to the left paracardial lymph node (No.
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2 Lymph node, #2). Each of these is called the lymphatic compartment and is classified
into five basins: The left gastric artery basin (I-GA); right gastric artery basin (r-GA);
left gastroepiploic artery basin; right gastroepiploic artery basin; and the posterior
gastric artery basin (p-GA) (Figure 2A). Classifying the lymphatic flow to #2 is
challenging because of the multidirectional flow to I-GA and No. 19 ahead, and the
lymphatic flow to p-GA nearby. Therefore, it was excluded from the lymphatic
compartment classification and handled separately.

Patients who underwent sentinel node biopsy were divided into two groups: The
feasibility phase group and the clinical application phase group. For patients in the
former group, sentinel node biopsy was performed to evaluate the diagnostic ability of
nodal metastasis; therefore, standard gastrectomy with nodal dissection was
performed, and sentinel node identification was also performed postoperatively on the
resected specimen. In contrast, in the clinical application phase, function-preserving
curative gastrectomy was performed using sentinel node biopsy as a guide[4,26]. First,
sentinel node mapping was performed, followed by lymphatic basin dissection, ex vivo
identification and biopsy of the sentinel nodes, and intraoperative rapid pathology. If
the sentinel nodes were diagnosed as metastasis at rapid diagnosis, standard
gastrectomy with nodal dissection up to D2 was performed; if the sentinel nodes were
diagnosed as node negative, the extent of gastrectomy was reduced and function-
preserving curative gastrectomy, such as local resection (LR), segmental gastrectomy
(SG), or proximal gastrectomy (PG) was performed according to the preserved blood
flow (Figure 2B)[4]. This surgical strategy is generally called SNNS.

The patients were divided into two groups. Patients in the clinical application phase
of sentinel node biopsy were designated as the study group (SNNS group). Patients
who did not undergo sentinel node biopsy and those in the feasibility phase of sentinel
node biopsy were defined as the control group. The control group consisted of patients
who underwent guidelines gastrectomy, while the SNNS group consisted of patients
who underwent tailor-made gastrectomy guided by sentinel node biopsy (Figure 3).

In this study, we examined and compared the prognosis of patients between the two
groups. The prognosis of the patients at Kanazawa University Hospital was invest-
igated in 2013, and that of Kanazawa Medical University Hospital was investigated in
2021. The prognosis was examined up to 10 years after initial gastrectomy, and the
investigations included alive or dead, cause of death, presence or absence of
recurrence, and the presence of newly detected metachronous multiple gastric cancer
(MMGC) in the remnant stomach. Therefore, in this study, the prognosis up to 5 years
was generally accurate, but some patients were censored because they did not reach 10
years after surgery at the time of investigation. The causes of death other than gastric
cancer recurrence were divided into other cancer deaths (including MMGC) and non-
cancer deaths from other diseases. The date of the confirmation of gastric cancer re-
currence was also investigated. For cancers found in the remnant stomach, we distin-
guished between local recurrence and MMGC, and the latter was not judged as gastric
cancer recurrence because of its favorable prognosis. In this study, overall survival
(OS) treated all-cause mortality as an event, and relapse-free survival (RFS) treated
gastric cancer recurrence as an event. All descriptions were described in accordance
with the 15" edition of the Japanese classification of gastric carcinomal38]. In this
article, distal gastrectomy (DG) and total gastrectomy (TG) were defined as standard
gastrectomy, pylorus-preserving gastrectomy (PPG), and PG were defined as
guidelines-modified gastrectomy, and mini-DG (MDG), mini-PG (MPG), SG, and LR
were defined as function-preserving curative gastrectomy (Figure 1)[4]. The diagnosis
of lymph node metastases was determined by hematoxylin and eosin staining of the
permanent slide at the maximum plane. The tumor cells were considered to be
metastatic regardless of the size of metastatic foci, so both isolated tumor cells and
micrometastases were also considered metastases. The results of immunohisto-
chemical staining and genetic diagnosis were not considered in this study.

The chi-square test was used to compare the background factors of each group.
Survival rates were compared by drawing survival curves using the Kaplan-Meier
method and certified by using the log-rank test. Multivariate analysis of factors
affecting survival was performed using Cox proportional hazards regression with a
stepwise variable selection method. The Gray test was used to compare the cumulative
incidence of recurrence, incidence of MMGC, other cancer-related deaths, and non-
cancer deaths from other diseases, and Fine-Gray proportional hazards regression was
used for multivariate analysis. In addition to these comparisons, propensity score
matching was performed to adjust for differences in background factors between the
two groups. Propensity scores were calculated for the two groups by logistic
regression analysis using age, sex, location, circumference, long axis of tumor,
macroscopic type, preoperative diagnosis of depth of invasion, and preoperative
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Ex vivo sentinel node biopsy
Intraoperative rapid pathological diagnosis

|

D2 gastrectomy

Function preserving curative gastrectomy

Figure 2 Lymphatic basins, lymphatic compartments, and the strategy of sentinel node navigation surgery. A: The lymphatic basins were
defined as the lymphatic system that was detected with dyed or fluorescent lymphatics. The lymphatic basins were integrated into the five lymphatic areas. Each of
these was called the lymphatic compartment and was classified into five basins; B: Algorithm for sentinel node navigation surgery for early gastric cancer. First,
sentinel node mapping was performed, followed by lymphatic basin dissection, ex vivo identification and biopsy of the sentinel nodes, and intraoperative rapid
pathology. If the sentinel nodes were diagnosed as metastasis at rapid diagnosis, standard gastrectomy with nodal dissection up to D2 was performed; if the sentinel
nodes were diagnosed as node negative, the extent of gastrectomy was reduced and function-preserving curative gastrectomy, such as segmental gastrectomy or
local resection, was applied. -GA: Left gastric artery basin; r-GA: Right gastric artery basin; -GEA: Left gastroepiploic artery basin; -GEA: Right gastroepiploic artery
basin; p-GA: Posterior gastric artery basin.

pathological diagnosis as variables. These variables were selected from among the
factors that could affect the life prognosis and could be known preoperatively. To
adjust for the covariates and estimate the causal effects, we used the nearest neighbor
matching method with greedy matching and one-to-one matching with non-
restorative extraction. The caliper of the propensity score was calculated by
multiplying the standard deviation of the recommended propensity score estimated
value by 0.2, after logit conversion. The balance between the groups was evaluated
using the standardized difference score.
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Type 0 Kanazawa University Hospital 1999/4-2008/9 (V = 271) ‘ ’ Type 0 Kanazawa Medical University Hospital 1999/4-2016/3 (W = 561)

{

!

Total 832 patients

Inclusion criteria

(1) Age between 20-85 yr
(2) ASA PS 1-2

(3) 5 cm or less in long axis
(4) Clinical T1-2 NO

Exclusion criteria

(1) Synchronous other cancers
(2) Severe comorbidities

(3) ECOG PS3 or higher

J 170 patients were excluded

662 patients were identified ‘

v

v

Sentinel node mapping /V = 276

Curative surgery without mapping /V = 386

v

v

Clinical application phase &/ = 239

Feasibility phase &/ = 37

m—

‘ Propensity score matching ‘

)

e

Figure 3 Summary of enrolled patients. The control group consisted of patients who underwent guidelines gastrectomy with standard lymph node dissection,
while the sentinel node navigation surgery (SNNS) group consisted of patients who underwent tailor-made gastrectomy guided by sentinel node biopsy. SNNS:
Sentinel node navigation surgery; m-SNNS: Propensity score-matched sentinel node navigation surgery; m-control: Propensity score-matched control; ECOG:
Eastern Cooperative Oncology Group; ASA PS: American Society of Anesthesiologists physical status.
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All 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). EZR is a modified version of R
Commander designed to add statistical functions that are frequently used in biostat-
istics[39]. All statistical methods used in this study were reviewed by Yasuo lida,
Department of Mathematics, Division of General Education, Kanazawa Medical
University.

This study was approved by the ethics committee of Kanazawa University Hospital
and Kanazawa Medical University (Trial Number R093, M288) and registered with the
University Hospital Medical Information Network Clinical Trials Registry (trial
number UMINO000010154 and UMIN000023828). ICG mapping was approved by the
ethics committee of Kanazawa Medical University (Trial Number M404 and
jRCTs041180006 https:/ /jrct.niph.go.jp/Latest-detail /iRCTs041180006).

This study was conducted in accordance with the Good Clinical Practice guidelines
and the Declaration of Helsinki. All patients provided written informed consent for
surgery and use of their data. Regarding data use in the retrospective study, the
patients were allowed to opt out of the study at any time.

RESULTS

Characteristics of the patients

A total of 276 patients with sentinel node mapping and 386 patients who underwent
sur-gery without mapping were collected. Of the sentinel lymph node mapping
patients, 37 were in the feasibility phase and 239 were in the clinical application phase.
Therefore, there were 239 patients in the SNNS group and 423 patients in the control
group (Figure 3). The patient profiles are presented in Table 1. There were differences
in age and histological type between the two groups. In the control group, 67.6% of the
patients underwent standard surgery (TG, 5.4%; DG, 62.2%), and 26.7% of patients
underwent guidelines-modified gastrectomy (PG, 12.1%; PPG, 14.6%). In contrast, only
18.4% of the patients in the SNNS group underwent standard surgery, 14.2%
underwent modified gastrectomy, and 67.4% underwent function-preserving curative
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Table 1 Patient characteristics

n SNNS n =239 Control n = 423 P value

Age Median (range) 64 (28-85) 67 (27-85) 0.004
Sex Male:Female 157:82 289:134 0.491
Location UM:L 35:130:74 78:195:150 0.116
Circumference Less:Ant:Gre:Post 107:37:48:47 201:78:72:72 0.492
Macroscopic type Elevated:Depressed 62:177 108:315 0.926
Clinical T status (cT) la:1b:2 100:111:28 171:192:60 0.678
Clinical N status (cN) 0:1:2-3 239:0:0 423:0:0 1.000
Pathological diagnosis DF:UDF 130:109 289:134 <0.001
Sentinel node mapping BD:RI:CM:ICG:None 39:6:135:59:0 2:1:13:21:386 <0.001
Surgical procedure TG:DG:PG:PPG; SG:MDG:MPG:LR 3:41:24:10; 84:33:6:38 23:263:51:62; 8:4:1:11 <0.001
Nodal dissection DO0:D1(1 +):D2 174:42:23 45:191:187 <0.001
Long axis (mm) Median (range) 22 (2-65) 25 (4-87) 0.265
Pathological T (pT) la:1b:2:3-4 129:92:10:8 218:145:39:21 0.065
Pathological N (pN) 0:1:2-3 214:13:12 379:34:10 0.072
Recurrent cases 1 8

SNNS: Sentinel node navigation surgery group; DF: Differentiated type; UDF: Undifferentiated type; BD: Blue dye mapping; RI: Radioisotope colloid
mapping; CM: Dye and RI combination mapping; ICG: Indocyanine green fluorescence mapping; TG: Total gastrectomy; DG: Distal gastrectomy; PG:

Proximal gastrectomy; PPG: Pylorus-preserving gastrectomy; SG: Segmental gastrectomy; MDG: Mini-distal gastrectomy; MPG: Mini-proximal

gastrectomy; LR: Local resection.
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gastrectomy (SG, 35.1%; MDG, 13.8%; MPG, 2.5%; LR, 15.9%), in which the extent of
resection was reduced further than that recommended by the guidelines.

All patients in this study were preoperatively diagnosed as node negative by X-CT,
but pathological nodal metastasis was observed in 10.5% (25 patients) in the SNNS
group and 10.4% in the control group. Table 2 lists the 25 patients in the SNNS group.

Recurrence of gastric cancer and results of sentinel node biopsy

Two patients in the control group died after surgery (hospital death); one was due to
aspiration pneumonia and the other was due to peritonitis from idiopathic colon
perforation. In contrast, no in-hospital deaths were observed in the SNNS group.
Gastric cancer recurrence was observed in one patient in the SNNS group and eight
patients in the control group. The recurrent patient in the SNNS group is displayed as
No. 16 in Table 2. He was diagnosed as node-positive intraoperatively by sentinel
node biopsy, and DG D2 was performed. Although postoperative adjuvant
chemotherapy with S1 was administered, the patient died of lymph node metastasis
53.2 mo later. The type of recurrence in eight patients in the control group were four of
lymph node recurrence, two of liver metastasis, one of lung metastasis, and one
patient of local recurrence.

Of the 276 patients with sentinel node mapping, 37 patients in the feasibility phase
had no lymph node metastasis. In contrast, of the 239 patients in the clinical app-
lication phase, 25 patients had lymph node metastasis (Table 2). Of these 25 patients,
21 (No. 1-21) were diagnosed as positive for metastasis intraoperatively by sentinel
node biopsy, and 4 (No. 22-25) were false negative. The diagnostic ability of sentinel
node biopsy in this study was calculated to be 84% (21/25) for sensitivity, 100% for
specificity, 100% for positive predictive value, 98.4% (251/255) for negative predictive
value, and 98.6% (272/276) for accuracy. The reasons for false negatives were misdia-
gnosis of frozen section diagnosis in three patients (No. 22-24) and macroscopic lymph
node metastasis, which was not able to take up tracer in one patient (No. 25). The
diagnosis of metastasis in the later patient was easy due to intraoperative findings.
Twenty-one patients who were diagnosed as node-positive by sentinel node biopsy
during surgery underwent standard gastrectomy with D1 + or D2. On the other hand,
two of the false-negative patients with rapid diagnosis underwent SG but were
followed up without additional dissection. One patient died of pancreatic cancer (No.
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Table 2 List of 25 patients of lymph node metastasis in the sentinel node navigation surgery group

No. LOC MAC LA cT cN sN MP LB INDSN OP D PD pT MS NS MLB MOB NNS MRSC PROG'

1 M Olla+ 20 1b O 0 ICG I-GA TP DG 2 tub2 sm2 #3#7 4 #7 - 1 82.3 Alive
Ilc
2 M Ollc 25 1b O 0 CM [-GA TP DG 2 porl sm2 #3 1 - - 0 71.4 Alive
3 U 0Ilc 25 1b 0 0 ICG I-GA TP PG 1+ tub2 mp #1#3 2 #1 - 1 56.1 Trauma
4 M Olla+ 40 2 0 0 ICG [-GA TP DG 2 tub2 ss #3 1 - - 0 63.7 Alive
Ilc
5 M 0llc+ 40 1b O 0 ICG [-GA TP DG 2 tub2 mp #3 1 - - 0 80.4 Alive
1Ib
6 U 0Ilc 45 1b 0 0 CM [-GA TP PG 1+ sig m #1#7 2 - - 0 69.2 Alive
7 L Ollc+ 45 2 0 1 CM [-GA TP DG 2 por2 ss #3 2 #3 - 1 67.7 Alive
1Ib
8 L Ollc+ 40 2 0 2 ICG rGEA TP DG 2 tub2 mp #4d 2 #4d  #7 5 721 Alive
1T #6
9 L OIla 55 2 0 1 ICG [-GA, TP DG 1+ tubl sml #5 1 - - 0 67.7 Alive
r-GA
10 L OIla+ 20 1b O 0 ICG [I-GA, TP DG 2 tub2 sm2 #3 4 #6 - 1 62.0 Alive
Ilc r-GEA #4d
#6
11 M Ollc+ 25 2 0 0 BD [-GA, TP DG 2 por2 ss #4d 2 - - 0 120.0 Alive
11T r-GEA
12 M OIla+ 25 1b 0 0 ICG [-GA, TP DG 1+ tub2 sm2 #3#7 4 - - 0 59.5 CVD
Ilc r-GEA #4d
13 M 0l 32 1b 0 0 CM [-GA, TP TG 2 tub2 sm2 #3 5 - - 0 64.7 Alive
r-GEA #4d
14 M 0llc+ 37 1b 0 0 CM [-GA, TP DG 2 por2 m #3 3 - - 0 61.9 Alive
1Ib r-GEA
15 M 0l 55 la 0 0 ICG [-GA, TP DG 2 por2 mp #4d 1 #3 - 4 69.8 Alive
r-GEA #4d
16 M Ollc+ 30 2 0 1 BD [-GA, TP DG 2 por2 se #1#3 3 #4d - 2 53.2 LNR
11T r-GEA #4d
17 U Ola+ 11 1la O 0 CM [-GA, TP PG 1+ porl sm2 #11d 1 #7 - 1 84.3 Alive
Tlc I-
GEA,
p-GA
18 U 0Ilc 33 1b 0 0 CM [-GA, TP PG 1+ tub2 mp #1 1 - - 0 62.9 Alive
-
GEA,
p-GA
19 U Ollc 55 2 0 0 CM [-GA, TP TG 2 por2 sm2 #1#3 4 #1 - 1 65.2 Alive
r- #4d
GEA, #10
r-GEA
20 M Ollc 40 2 0 0 ICG [-GA, TP DG 1+ tub2 sml #3 1 - - 0 89.6 Alive
r-GA,
r-GEA
21 L Olla+ 24 1b O 2 CM [-GA, TP DG 2 porl sm2 #8a 1 #3 - 1 72.6 Alive
Ilc r-GA,
r-GEA
22 M Ollc 20 1b O 0 ICG [-GA, FN(FD) SG 0 por2 sm2 (#4d) 1 #4d - 1 61.2 Alive
r-GEA
23 M Ollc+ 23 2 0 0 CM [-GA, FN(FD) SG 0 tub2 mp  (#3) 1 #3 - 2 75.8 PK
11T r-GEA
24 L 01lc 45 1b 0 0 RI I-GA, FN (FD) DG 2 por2 m (#5) 1 - - 0 66.8 Alive
r-GA,
r-GEA
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25 L 01 25 1b 0 1 CM [-GA, FN DG 2 tub2 sm2 - 0 #4d - 1 63.6 Alive
r-GA,  (LM)
r-GEA

1“PROG” column indicates whether the patients are alive at the time of recent survival confirmation, recurrent status of gastric cancer, or the cause of
death.

SNNS: Sentinel node navigation surgery; LOC: Location; MAC: Macroscopic type; LA: Size of long axis (mm); cT: Clinical T status; cN: Clinical N status;
sN: Surgical N status; MP; Mapping procedures; ICG: Indocyanine green fluorescence mapping; CM: Combination mapping; BD: Blue dye mapping; RI:
Radioactive colloid mapping; LB: Distributions of lymphatic basins; [-GA: Left gastric artery basin; -GA: Right gastric artery basin; r-GEA: Right
gastroepiploic artery basin; I-GEA: Left gastroepiploic artery basin; p-GA: Posterior gastric artery basin; INDSN: Intraoperative nodal diagnosis by sentinel
node biopsy; TP: True positive diagnosis for nodal metastasis; FN (FD): False-negative diagnosis because of frozen section diagnosis; FN (LM): False
negative because of obvious macroscopic nodal metastasis; OP: Surgical procedures; DG: Distal gastrectomy; PG: Proximal gastrectomy; TG: Total
gastrectomy; SG: Segmental gastrectomy; D: Degree of nodal dissection; PD: Dominant pathological diagnosis; pT: Pathological T status; MS: Metastastic
stations of sentinel nodes; NS: Numerical numbers of metastatic sentinel nodes; MLB: Metastatic stations of not sentinel nodes inside the lymphatic basins;
MOB: Metastatic stations of not sentinel nodes outside the basins; NNS: Numerical numbers of metastatic nodes of not sentinel nodes; MRSC: Months to
recent survival confirmation; PROG: Prognosis, recurrent status or cause of death; CVD: Cerebrovascular disease; LNR: Lymph nodal recurrence; PK:
Pancreas cancer.

23), while the other survived for 5 years without recurrence (No. 22). As for the
remaining two patients, DG D2 was performed because one had macroscopic lymph
node metastasis (No. 25) and the other was suspected from intraoperative findings to
be advanced gastric cancer with serosal exposure (No. 24). However, No. 24 was
pathologically a mucosal cancer. These patients survived for five years without
recurrence.

Therefore, there were no recurrences in the 218 patients diagnosed as node negative
by sentinel node biopsy (214 true negative + four false negative). Of these 218 patients,
only 11 underwent standard surgery (DG or TG with D1 + or D2). A total of 190
patients underwent modified gastrectomy or function-preserving curative gastrectomy
with reduction of the resection area, and 17 underwent gastrectomy with reduction of
the nodal dissection.

Of the 25 patients with nodal metastasis in the SNNS group, 11 had metastasis to
only the sentinel nodes, 12 had non-sentinel metastatic nodes other than the sentinel
nodes, but they remained within the lymphatic basin, and one was a false-negative
patient with macroscopic metastasis as described above, with only one metastatic
node. Only one patient had a metastatic node outside the lymphatic basin (No. 8). In
this patient, macroscopic metastasis was found intraoperatively, and the final
pathological diagnosis was fT2(MP)N3a (#4d, 6, 7). The patient was alive 6 years after
surgery without any sign of recurrence.

MMGC of the remnant stomach

After surgery, the residual stomach was followed up with periodic endoscopic
examinations, and MMGCs were found in 21 patients. Table 3 shows a list of interval
times until the diagnosis of MMGC and treatment details. Of the 21 patients, 5 were in
the SNNS group and 16 were in the control group. Four patients in the SNNS group
(80%) and eight in the control group (50%) underwent ESD; therefore, their remnant
stomachs were preserved. In contrast, five patients in the control group required TG,
and one patient was unresectable. The cumulative incidence of MMGC is shown in
Figure 4, and there was no difference in the incidence of MMGC between the two
groups.

Life prognosis of patients in the SNNS group

The OS of all the patients in this study is shown in Figure 5A. The 5-year survival rates
were 92.7% and the 10-year survival rate was 83.2%, respectively. The results of
univariate and multivariate analyses for factors affecting OS are shown in Table 4,
which shows that OS was affected by age, sex, macroscopic type, size, and path-
ological nodal status, as well as by the SNNS group. The OS of the SNNS group was
significantly better than that of the control group (Figure 5B).

RFS in the SNNS group was 99.6% at both 5 and 10 years, and the RFS in the control
group was 98.1% at both 5 and 10 years. Since there were a small number of recurrent
patients and these recurrences competed with other cancer deaths and non-cancer
deaths from other diseases, the evaluation of RFS was difficult and should be
examined by cumulative incidence. Figure 6 shows a graph of the cumulative
incidence, including other cancer deaths and non-cancer deaths from other diseases.
The cumulative incidence of non-cancer deaths from other diseases was lower in the
SNNS group than in the control group, and a significant difference was observed in
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Table 3 Profiles of metachronous multiple remnant gastric cancer patients

No. Group ISP Treatment MTMC Curability’ MRSC PROG’
1 SNNS SG DG 50.5 Curative 75.6 Pneumonia
2 SNNS SG ESD 60.2 Curative 114.9 Alive
3 SNNS SG ESD 229 Curative 79.9 Alive
4 SNNS MPG ESD 13.6 Curative 76.3 Alive
5 SNNS LR ESD 30.7 Curative 73.1 Alive
6 SNNS DG TG 43.6 Curative 62.9 Alive
7 Control DG TG 19.5 Curative 63.6 Alive
8 Control DG TG 17.2 Curative 97.4 Alive
9 Control DG ESD 443 Curative 5515 AID
10 Control DG ESD 220.4 Curative 240.0 Alive
11 Control DG ESD 40.6 Curative 120.0 Alive
12 Control PG UR 74.3 UR 120.0 Alive
13 Control PG TG 76.8 Curative 120.0 Alive
14 Control PG ESD 18.5 Curative 120.0 Alive
15 Control PG ESD 28.2 Curative 120.0 Alive
16 Control PPG TG 50.8 Curative 120.0 Alive
17 Control PPG DG 85.0 Curative 116.2 Alive
18 Control PPG ESD 77.1 Curative 118.5 Alive
19 Control PPG ESD 22.0 Curative 98.2 Alive
20 Control LR DG 7.6 Cure 42.8 CVD
21 Control LR ESD 64.2 Cure 85.7 Alive

1“Curability” column indicates whether treatment for metachronous multiple remnant gastric cancers was curative or not. All but one unresectable patient
could be resected radically, and there were no recurrences of metachronous gastric cancer. One unresectable patient was alive with metachronous cancer 10
years after the initial surgery.

24PROG” column indicates whether the patients are alive at the time of recent survival confirmation, or the cause of death.

ISP: Initial surgical procedure; SG: Segmental gastrectomy; MPG: Mini-proximal gastrectomy; LR: Local resection; DG: Distal gastrectomy; PG: Proximal
gastrectomy; PPG: Pylorus-preserving gastrectomy; ESD: Endoscopic submucosal dissection; TG: Total gastrectomy; UR: Unresectable; MTMC: Months to
treat metachronous gastric cancer; MRSC: Months to recent survival confirmation; PROG: Prognosis or cause of death; AID: Autoimmune disease; CVD:
Cerebrovascular disease; SNNS: Sentinel node navigation surgery.

the Gray test. Table 5 shows the results of the multivariate analysis using the Fine-
Gray proportional hazard regression test. Age and the SNNS group were independent
factors significantly affecting non-cancer deaths from other diseases, while age and
macroscopic type were factors that significantly affected other cancer deaths, and pN
was the only factor affecting gastric cancer recurrence.

Evaluation of life prognosis by propensity score matching

In the SNNS group, the gastric cancer recurrences might be comparable, and the
number of non-cancer deaths from other diseases might be less than that in the control
group. However, caution should be exercised when interpreting the results because of
the significant difference in age distribution between the two groups. We re-examined
the comparison of life prognosis using the propensity score matching method.
Propensity score matching was performed for the two groups using the preoperatively
recognizable items of age, sex, tumor location, macroscopic type, preoperative T factor,
and pathological diagnosis. We added the long axis of the tumor to the items because
size is an important factor affecting prognosis. The characteristics of the two groups
after propensity score matching (m-SNNS and m-control groups) are shown in Table 6.
There were 231 patients in both groups, and the backgrounds of the two groups
became uniform. The distributions of the other factors were also examined after
matching. There was no significant difference in pathological depth of invasion or
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Table 4 Univariate and multivariate analysis for the factors affected to the overall survival

Multivariate?

Factors vs Univariate' (Log-rank P)

Hazard ratio 95%Cl P value
Age < 0.0001 1.092 1.064-1.120 <0.0001
Sex Male:Female 0.0009 1.815 1.099-2.998 0.0199
Location 0.0978
Circumference 0.301
Macroscopic type Elevated:Depressed <0.0001 1.678 1.131-2.490 0.0101
Clinical T status 0.632
Pathological type Diff.:Undiff. 0.0001
Long axis (mm) < 00001 0.9815 0.965-0.998 0.0287
Pathological N status 0.0033 1.785 1.288-2.473 0.0005
SNNS SNNS:Control 0.0014 0.4892 0.298-0.802 0.0046

The log-rank test was used for the univariate analysis of overall survival.
The Cox proportional hazards regression model was used for multivariate analysis of overall survival.
SNNS: Sentinel node navigation surgery; diff.: Differentiated; Undiff.: Undifferentiated; CI: Confidential interval.

Table 5 Multivariate analysis for the factors affected to the cumulative incidence of causes of death or recurrences

F Non-cancer deaths Other cancers Gastric cancer recurrence
actors HR 95%ClI P value HR 95%ClI P value HR 95%ClI P value
Age 1.101 1.064-1.140 <0.0001 1.064 1.026-1.103 0.0008 0.992 0.894-1.101 0.88
Sex 1533 0.823-2.855 0.18 2126 0.863-5.239 01 3.213 0.592-17.43 0.18
Location 1.259 0.890-1.782 0.19 09636  0.637-1.457 0.86 1.472 0.482-4.502 05
Circumference 1.037 0.798-1.349 0.78 1.184 0.875-1.602 0.27 1.943 0.732-5.158 0.18
Macroscopic type 1.303 0.752-2.256 0.35 2322 1.241-4.346 0.0084 1.083 0.136-8.636 0.94
Clinical T status 09053  0.584-1.403 0.66 08587  0.481-1.535 0.61 1542 0.662-3.595 032
Pathological type 1.509 0.762-2.990 0.24 05908  0.211-1.657 032 1.27 0.165-9.786 0.82
Long axis 09802  0.958-1.003 0.086 09874  0.958-1.017 0.4 09468  0.867-1.034 0.22
Pathological N status 1.263 0.683-2.337 0.46 1.353 0.751-2.440 031 5.252 2.043-13.50 0.00058
SNNS 04438  0.230-0.855 0.015 07224  0.338-1.542 0.4 01859  0.030-1.166 0.072

SNNS: Sentinel node navigation surgery; HR: Hazard ratio; CI: Confidence interval.

pathological nodal status, although there was a natural difference in the distribution of
sentinel node mapping and surgical techniques, and there were three cases of
recurrence in the control group compared to one case in the SNNS group.

Figure 7 shows a graph of OS and the cumulative incidence of death or recurrence
after matching. OS in the SNNS group was significantly better than that in the control
group. The cumulative recurrence rate in the SNNS group was 0.43% at both 5 and 10
years, and in the control group was 1.30% at both 5 and 10 years, which was not
statistically different. In contrast, the cumulative incidence of non-cancer deaths from
other diseases was 2.6% at 5 years and 8.6% at 10 years in the SNNS group, and 5.7%
at 5 years and 15.5% at 10 years in the control group. In the SNNS group, the
cumulative incidence of non-cancer deaths from other diseases tended to be lower
than that in the control group (P = 0.089).

Accuracy of preoperative diagnosis
Although all patients were preoperatively diagnosed with a long axis of 5 cm or less,
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Table 6 Patient characteristics after propensity score matching

n m-SNNS n =231 m-control n =231 P value

Age Median (range) 64 (29-85) 64 (27-85) 0473
Sex Male:Female 152:79 147:84 0.697
Location U:M:L 34:125:72 37:119:75 0.843
Circumference Less:Ant:Gre:Post 106:37:45:43 103:40:46:42 0.980
Macroscopic type Elevated:Depressed 57:174 57:174 1.000
Clinical T status (cT) la:1b:2 98:105:28 88:108:35 0.528
Clinical N status (cN) 0:1:2-3 231:0:0 231:0:0 1.000
Pathological diagnosis DF:UDF 130:101 126:105 0.779
Long axis (mm) Median (range) 23 (2-65) 25 (4-87) 0.547
Sentinel node mapping BD:RI:CM:ICG:None 38:5:132:56:0 1:1:8:15:206 <0.001
Surgical procedure TG:DG:PG:PPG; SG:MDG:MPG:LR 3:40:23:10; 80:31:6:37 14:147:25:32; 4:4:0:5 < 0.001
Nodal dissection DO0:D1(1+):D2 169:39:23 23:97:111 <0.001
Pathological T (pT) la:1b:2:3-4 125:89:10:7 126:72:20:13 0.075
Pathological N (pN) 0:1:2-3 206:13:12 213:13:5 0.251
Recurrent cases 1 3

m-SNNS: Matched sentinel node navigation surgery group; m-control: Matched control group; DF: Differentiated type; UDF: Undifferentiated type; BD:

Blue dye mapping; RI: Radioisotope colloid mapping; CM: Dye and RI combination mapping; ICG: Indocyanine green fluorescence mapping; TG: Total
gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; PPG: Pylorus-preserving gastrectomy; SG: Segmental gastrectomy; MDG: Mini-distal

gastrectomy; MPG: Mini-proximal gastrectomy; LR: Local resection.
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Figure 4 Cumulative incidence of metachronous multiple gastric cancer in the remnant stomach. There was no difference in the incidence of
metachronous multiple gastric cancer between the SNNS and control groups. SNNS: sentinel node navigation surgery.

19 patients had a pathological diagnosis larger than 5 cm: Eight patients (3.3%) in the
SNNS group and 11 (2.6%) in the control group. All 19 patients had a preoperative
diagnosis of sNO, but four had pN1 and two had pN2. There were no recurrences in
these 19 patients.
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DISCUSSION

In both original data sets and propensity score-matched comparisons, the OS rate and
RFS rate of patients who underwent gastrectomy guided by sentinel node navigation
were not inferior to those of standard gastrectomy. In addition, there was no difference
in the cumulative incidence of MMGC between the two groups.

Postgastrectomy syndrome (PGS) is a serious drawback after curative gastrectomy
for gastric cancer[40-45], and occurs in a certain percentage of patients after standard
gastrectomy. Currently, the most common approach for early gastric cancer is laparo-
scopic gastrectomy (D1 +) worldwide, especially in East Asian countries. Nevertheless,
the occurrence rate of PGS and the quality of life (QoL) of patients after laparoscopic
gastrectomy after 1 year is similar to that of patients after open gastrectomy[46-51]. To
alleviate this, SNNS is a promising treatment strategy for function-preserving curative
gastrectomy/[4,14-27]. It has been reported that the PGS and QoL of function-
preserving curative gastrectomy were less than those of standard gastrectomy[52-61].
However, there are two concerns that must be addressed before SNNS can be applied
in clinical practice. One is that reducing the extent of nodal dissection may com-
promise curability. Another concern is whether preserving a large portion of the
stomach will have any disadvantages, especially for an increase in the number of
MMGC:s of the remnant stomach.

In this study, we investigated the treatment outcome of SNNS from the viewpoint of
life prognosis in comparison with the guidelines surgical strategy. In both the original
data sets and propensity score-matched comparisons, the OS and RFS of the SNNS
group were not inferior to those of the control group. This result supports the
hypothesis that the oncological safety of the SNNS group is not inferior to that of the
guidelines. Since this is a retrospective study, it is difficult to judge whether the life
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Figure 7 Comparisons of overall survival and cumulative incidence between the two groups after propensity score matching. A: Overall
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prognosis of the SNNS group is equivalent to that of the control group based on our
results. A prospective non-inferiority trial is needed to make this scientific judgment.
A prospective study is currently ongoing by the Japanese Society for SNNS[37]. In the
protocol of this study, the expected 5-year recurrence-free survival rate was set at 98%,
the non-inferiority margin was set at 10%, and the expected number of patients with
sentinel node navigation was set to 225. The number of patients in the SNNS group in
our study was 239 and, even after propensity score matching, 231 patients exceeded
the number of patients in this prospective study. The result of life prognosis of the
SNNS group in our study was one recurrent patient and 99.6% of RFS at both 5 and 10
years, comparable to conventional surgery. Extrapolating from these results, it seems
that the curability of the SNNS could be proved to some extent. In addition, in the
multivariate analysis, the only significant factor affecting gastric cancer recurrence was
pN status, not SNNS grouping. In other words, the concern that reducing the extent of
dissection may compromise curative outcomes would be unfounded.

The OS of the SNNS group was better than that of the control group in both
comparisons of the original data sets and propensity score-matched groups. There was
little difference in RFS between the two groups, and there was no significant difference
in other cancer deaths. It was considered that the reason for this difference in OS
would be the non-cancer deaths from other diseases. In multivariate analysis, the
significant factors affecting non-cancer deaths were age and SNNS grouping. In the
prospensity score-matched comparison, age was adjusted between the two groups,
and a significantly better trend for non-cancer deaths was observed in the SNNS
group. There is a possibility that keeping the gastrectomy area small leads to the
maintenance of food volume, dietary habits, and nutritional status and has the effect of
suppressing non-cancer death. However, this idea tends to be too advanced, and it
may be reasonable to interpret that the survival outcome of patients with SNNS is not
inferior to that of standard surgery.

In this study, we distinguished between MMGCs and local recurrence of gastric
cancer. One patient with local recurrence of the oral stump was observed in the control
group, whereas no local recurrence was observed in the SNNS group. This recurrent
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patient was unresectable, underwent chemoradiotherapy, and died due to distant
metastasis. Meanwhile, MMGC in the remnant stomach was observed in six patients in
the SNNS group and 15 in the control group. One of these patients was unresectable
and died after 10 years. However, all other MMGC patients were curatively resectable
by gastrectomy or ESD, and there were no recurrent deaths from MMGC during the
study period. Although it is sometimes difficult to distinguish between local recur-
rence and MMGC, we distinguished these two situations because of the favorable
outcome of MMGC. A randomized prospective clinical trial of SNNS for gastric cancer
was conducted in South Korea[27,62-65], and an interim analysis was recently re-
ported at the American Society of Clinical Oncology (ASCO) annual meeting[63]. They
reported that they failed to prove the non-inferiority of RFS in the SNNS group, but
they did not strictly distinguish between MMGC and local recurrence. The MMGC
and local recurrence should be clearly distinguished.

There was no difference in the cumulative incidence of MMGC[66-69] between the
two groups in this study. Therefore, it was speculated that there is not much concern
for whether MMGCs increase as the area of the remnant gastric mucosa increases.
However, we cannot conclude with this result that there is no need to worry about the
increased risk of MMGC in SNNS. Yaguchi et al[70] followed the prognosis of 50
SNNS cases and reported that MMGC occurred in 8% of cases. Kinami et al[71]
conducted a national questionnaire survey and reported that the risk of MMGC
increases as the area of the remnant stomach increases. The reason for this discrepancy
between the present study and previous reports is unclear. Considering the natural
history of early gastric cancer, most MMGC cases may have been caused by misdia-
gnosis at the time of initial endoscopy. The patients in the SNNS group had more
detailed endoscopy than those in the control group to exclude multiple gastric cancers,
which may be related to selection bias. However, in the study by Kinami et al[71],
many MMGCs in surgeries with a large remaining gastric mucosal area were resected
by ESD, and it was concluded that there is no need to hesitate to perform function-
preserving surgery because of the increased risk of MMGC. The results of the present
study also suggest that there is no need to forgo the adoption of SNNS due to concerns
about MMGC.

Through this study, the problems of SNNS became apparent, that is, the pre-
operative diagnostic ability. The precise diagnosis of early gastric cancer is difficult,
not only in the depth of invasion but also in the lateral margin. All patients had a
preoperative diagnosis of <5 cm along the long axis; however, 2.8% of the patients
were found to have more than 5 cm in the postoperative specimens, including one
patient of 87 mm. Six (31.6%) patients > 50 mm had lymph node metastasis. Misdia-
gnosis of size not only entails a positive margin, but also increases the possibility of
lymph node metastasis. It was suggested that the accuracy of preoperative diagnosis,
especially accurate extent diagnosis, must be ensured in order to safely perform SNNS.

Standard surgical treatment for early gastric cancer is standard gastrectomy D1 +[1-
4]. However, 72.8% of patients in the SNNS group had D0. All SNNS patients under-
went lymphatic basin dissection. This result may be interpreted as follows: Early
gastric cancer patients do not necessarily require nodal dissection up to D1 +; and in
the patients who were node negative, the reduction of the dissection area to the
lymphatic basin did not affect the prognosis. On the other hand, 96% (24/25) of nodal
metastatic patients in the SNNS group had metastases only within the lymphatic
basin; the patient who had nodal metastases that was spread outside the basin was the
only one with advanced gastric cancer with macroscopic metastases that could be
easily diagnosed intraoperatively. On the other hand, one patient in the SNNS group
had nodal recurrence despite being judged to be positive for metastasis during surgery
and changed to D2, and recurrence may not have been avoided even if standard
treatment was applied initially. Considering these facts, it may be possible to reduce
the extent of nodal dissection to only the lymphatic basin for all patients with cTINO
less than 5 cm in the future.

This study has some limitations. This was a retrospective study. It is possible that
there was a selection bias in the SNNS group. Another problem is that the study was
conducted over a long period of time. The diagnostic and therapeutic techniques have
advanced during this period, and this may have affected the prognosis of patients and
the incidence of MMGC. In addition, there were no QoL data of the SNNS group in
this study. A nationwide multicenter prospective study is essential to correctly
determine the prognosis, rate of non-cancer deaths from other diseases, and QoL
assessment data. The results of a Japanese study[37] are awaited.
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CONCLUSION

In both original data sets and propensity score-matched comparisons, OS and RFS of
patients who underwent gastrectomy guided by sentinel node navigation were not
inferior to those of standard gastrectomy. In addition, there was no difference in the
cumulative incidence of MMGC between the two groups. The oncological safety of
SNNS is not inferior to that of the guidelines. This study also indicates the possibility
of reducing the extent of nodal dissection to only the lymphatic basin for all patients
with cTINO less than 5 cm in the future.

ARTICLE HIGHLIGHTS

Research background

If early gastric cancer patients who are negative for lymph node metastasis can be
diagnosed intraoperatively, excessive nodal dissection and extensive gastrectomy can
be avoided. Currently, the most effective method for diagnosing lymph node
metastasis is sentinel node biopsy. Lymphatic basin dissection is a sentinel node
biopsy method that is specific for gastric cancer. The dyed lymphatic system was
dissected en bloc and sentinel nodes were identified at the back table (ex vivo) using this
method. This method not only reduces the difficulty of sentinel node biopsy, but also
serves to a certain extent as backup dissection. Even with lymphatic basin dissection,
blood flow to the residual stomach can be preserved and function-preserving curative
gastrectomy can be performed, such as segmental gastrectomy and local resection.

Research motivation
The oncological safety of function-preserving curative gastrectomy combined with
lymphatic basin dissection has not yet been fully investigated.

Research objectives

This study aimed to investigate the life prognosis of patients with early gastric cancer
who underwent sentinel node navigation surgery (SNNS) in comparison with
standard guideline surgery.

Research methods

Gastric cancer patients were retrospectively collected. The inclusion criteria were as
follows: Superficial type (type 0); preoperative diagnosis of 5 cm or less in length;
clinical T1-2; and node-negative on X-computed tomography. The patients underwent
SNNS. First, sentinel node mapping was performed, followed by lymphatic basin
dissection and rapid intraoperative pathology. If the sentinel nodes were diagnosed as
metastasic at rapid diagnosis, standard gastrectomy with nodal dissection up to D2
was performed; if the sentinel nodes were diagnosed as node-negative, the extent of
gastrectomy was reduced, and function-preserving curative gastrectomy was
performed. The life prognosis and cumulative incidence of metachronous multiple
gastric cancer (MMGC) were investigated. Patients with the same inclusion criteria
and who underwent standard gastrectomy and guideline lymph node dissection with
or without sentinel node biopsy were selected as the control group.

Research results

There were 239 patients in the SNNS group and 423 patients in the control group. All
patients were diagnosed as node-negative preoperatively, but pathological nodal
metastasis was observed in 10.5% of patients in the SNNS group and 10.4% in the
control group. The diagnostic ability of sentinel node biopsy in this study was 84% and
98.6% for sensitivity and accuracy, respectively. In the SNNS group, 18.4% of patients
underwent standard surgery, 14.2% had modified gastrectomy, and 67.4% had
function-preserving curative gastrectomy, in which the extent of resection was further
reduced than that recommended by the guidelines. The overall survival (OS) rate in
the SNNS group was 96.8% at 5 years and was significantly better than 91.3% in the
control group (P = 0.0014). The relapse-free survival (RFS) rate in the SNNS group was
99.6% at 5 years and 98.1% in the control group. After propensity score matching,
there were 231 patients in both groups, and the OS in the SNNS group remained
significantly better than that in the control group (P = 0.030). The cumulative recur-
rence rate in the SNNS group was 0.43% in 5 years and 1.30% in the control group,
which was not statistically different. There was no difference in the incidence of
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MMGC between the SNNS group (1.7% at 5-years) and the control group (2.3% at 5-
years).

Research conclusions

In both original data sets and propensity score-matched comparisons, the OS rate and
RFS rate of patients who underwent gastrectomy guided by sentinel node navigation
were not inferior to those of standard gastrectomy. In addition, there was no difference
in the cumulative incidence of MMGC between the two groups.

Research perspectives

The oncological safety of sentinel node navigation surgery for early-stage gastric
cancer is not inferior to that of the guideline. This study also indicates the possibility of
reducing the extent of nodal dissection to only the lymphatic basin for all patients with
cTINO less than 5 cm in the future.
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