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Minimally Invasive Sentinel Lymph
Node Biopsy for Gastric Cancer
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Introduction

In East Asian countries such as Japan and Korea,
early-stage gastric cancer [i.e., American Joint
Committee on Cancer (AJCC), clinical T1 (cT1)
T stage] is found in many asymptomatic patients
due to recent advances in endoscopic diagnosis
and surveillance programs; and the population at
risk currently exceeds 50% in these major institu-
tions [1]. Endoscopic submucosal dissection
(ESD) has already been accepted as the most
minimally invasive procedure for resection of
early gastric cancer [1]. Laparoscopic gastrec-
tomy represents an important intermediate option
between ESD and distal or total gastrectomy by
open laparotomy for patients with gastric cancer
[2]. Currently, laparoscopic distal gastrectomy
(LDG) is comparable with conventional open
distal gastrectomy and can be performed in rou-
tine clinical practice [3, 4]. Many patients with
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early gastric cancer are currently treated with
advanced laparoscopic gastrectomy procedures,
such as LDG and laparoscopic total gastrectomy
(LTG) with appropriate lymph node dissection in
many countries [1—4]. LDG and LTG contribute
to better aesthetics and earlier postoperative
recovery [5]. However, patients’ quality of life
(QOL) is mainly affected by late-phase compli-
cations including dumping syndrome and body
weight loss resulting from disturbances in oral
intake due to the extent of gastric resection.
Therefore, both minimal invasive techniques for
early-phase recovery by laparoscopic surgery and
late-phase  function-preserving  gastrectomy
should be carefully considered in patients indi-
cated for these procedures.

Function-preserving gastrectomy such as par-
tial gastrectomy, segmental gastrectomy, and
proximal gastrectomy with limited lymph node
dissection is known to improve postoperative
late-phase function. However, a certain incidence
of skip metastasis in the second or third compart-
ment of regional lymph nodes remains an obsta-
cle to wider application of these procedures. To
overcome these issues, the concept of sentinel
lymph node (SLN) mapping may become a novel
diagnostic tool for the identification of clinically
undetectable lymph node metastasis in early gas-
tric cancer.

SLNs are defined as the first draining lymph
nodes from the primary tumor site [6, 7], and
they are thought to be the first possible site of
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micrometastasis along the route of lymphatic
drainage from the primary lesion. The pathologi-
cal status of SLNs can theoretically predict the
status of all regional lymph nodes. If SLNs are
recognizable and negative for cancer metastasis,
unnecessary radical lymph node dissection could
be avoided. SLN navigation surgery is defined as
a novel, minimally invasive surgery based on
SLN mapping and the SLN-targeted diagnosis of
nodal metastasis. SLN navigation surgery can
prevent unnecessary lymph node dissection, thus
preventing the associated complications and
improving the patient’s QOL.

SLN mapping and biopsy were first applied to
melanoma and breast cancer patients and were
subsequently extended to patients with other solid
tumors [7-9]. The clinical application of SLN
mapping for early gastric cancer has been contro-
versial for years. However, single institutional
results and a multicenter trial of SLN mapping and
biopsy for early gastric cancer observed accept-
able SLN detection rate and accuracy of determin-
ing the lymph node status [10, 11]. On the basis of
these results, we are developing a novel, minimally
invasive function-preserving gastrectomy tech-
nique combined with SLN mapping and biopsy.

Laparoscopic SLN Biopsy
Procedures

A dual-tracer method that utilizes radioactive
colloids and blue or green dye is currently con-
sidered the most reliable method for stable detec-
tion of SLNs in patients with early gastric cancer
[10, 11]. An accumulation of radioactive colloids
facilitates the identification of SLNs even in
resected specimens by using a handheld gamma
probe, and the blue dye is effective for intraop-
erative visualization of lymphatic flow, even
during laparoscopic surgery. Technetium-99 m
tin colloid, technetium-99 m sulfur colloid, and
technetium-99 m antimony sulfur colloid are pref-
erentially used as radioactive tracers. Isosulfan
blue and indocyanine green (ICG) are the cur-
rently preferred choices as dye tracers.

In our institution, patients with cT1 tumors,
primary lesions <4 cm in diameter, and cNO gas-

tric cancer undergo SLN mapping and biopsy
[10, 11]. In our procedures, 2 ml (150 MBq) of
technetium-99 m tin colloid solution is injected
the day before surgery into four quadrants of the
submucosal layer of the primary tumor site using
an endoscopic puncture needle. Endoscopic
injections to the submucosal layer facilitate accu-
rate tracer injection rather than laparoscopic
injection from the seromuscular side of the gas-
tric wall. Technetium-99 m tin colloid with rela-
tively large particle size accumulates in the SLNs
after local administration.

The blue or green dye is injected into four
quadrants of the submucosal layer of the primary
site using an endoscopic puncture needle at the
beginning of surgery. Blue lymphatic vessels and
blue-stained nodes can be identified by laparos-
copy within 15 min after injection of the blue or
green dye. Simultaneously, a handheld gamma
probe is used to locate the radioactive
SLN. Intraoperative gamma probing is feasible
even in laparoscopic gastrectomy using a special
gamma detector that can be introduced through
trocar ports [10, 11].

For intraoperative SLN sampling, the “pick-
up method” is well established for the detection
of melanoma and breast cancer. However, it is
recommended that the clinical application of
intraoperative SLN sampling for gastric cancer
should include sentinel lymphatic basin dissec-
tion, which is a modified focused lymph node
dissection involving hot and blue lymph nodes
[10, 11]. The gastric lymphatic basins are divided
in the following five directions along the main
arteries: left gastric artery area, right gastric
artery area, left gastroepiploic artery area, right
gastroepiploic artery area, and posterior gastric
artery area [12].

ICG is known to have excitation and fluores-
cence wavelengths in the near-infrared range
[13]. Until now, some investigators have used
infrared ray electronic endoscopy (IREE) to
demonstrate the clinical utility of intraoperative
ICG infrared imaging as a new tracer for laparo-
scopic SLN mapping [13, 14]. IREE might be a
useful tool to improve visualization of
ICG-stained lymphatic vessels and SLNs even in
the fat tissues. More recently, ICG fluorescence
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imaging has been developed as another promis-
ing novel technique for SLN mapping [15, 16].
SLNs could be clearly visualized by laparoscopic
ICG fluorescence imaging compared to the lapa-
roscopic observation of ICG with normal light.
Further studies would be needed to evaluate the
clinical efficacy of ICG infrared or fluorescence
imaging and to compare those with radio-guided
methods in prospective studies. However these
new technologies might revolutionize laparo-
scopic SLN mapping procedures in early gastric
cancer.

Results of SLN Mapping
in Gastric Cancer

To date, more than 100 single institutional stud-
ies have demonstrated acceptable outcomes of
SLN mapping for early gastric cancer in terms of
the SLN detection rate (90-100%) and accuracy
(85-100%) in determining the lymph node sta-
tus; these outcomes are comparable with those of
SLN mapping for melanoma and breast cancer
[11]. A large-scale meta-analysis, which included
38 relevant SLN mapping studies with 2128 gas-
tric cancer patients, demonstrated that the SLN
detection rate and accuracy of predicting lymph
node metastasis based on SLN status were 94%
and 92%, respectively [17]. They concluded that
the SLN concept is technically feasible for gas-
tric cancer, especially patients with early T stage
(cT1) by combining tracers and submucosal
injection methods during the SLN biopsy
procedures.

Our group in Japan has conducted a multi-
center prospective trial (UMIN ID: 000000476)
of SLN mapping using a dual-tracer method with
a radioactive colloid and blue dye [10]. In the
trial, SLN mapping was performed between 2004
and 2008 for 397 patients with early gastric can-
cer at 12 comprehensive hospitals, including our
institution. Eligibility criteria were that patients
had ¢cTINOMO or ¢cT2NOMO single tumor with
diameter of primary lesion less than 4 cm and
without prior treatments.

The SLN detection rate by using the dual-
tracer method was 97.5% (n = 387 of 397), and

lymph node metastasis was diagnosed in 57
(14.7%) of 387 patients. Of the 57 patients with
lymph node metastasis, 53 (93.0%) had positive
SLNs. The accuracy of determining the meta-
static status based on SLN evaluation was 99.0%
(n = 383 of 387). In 32 (60.4%) of 53 patients
with positive SLNs, lymph node metastases were
limited to only SLNs. Of 21 SLN-positive/non-
SLN-positive patients, 15 (71.4%) had metastatic
non-SLNs within SLN basins and 6 (28.6%) had
metastatic non-SLNs located outside the SLN
basins but within the extent of D2 lymph node
dissection. Four patients had false-negative SLN
biopsy results of whom three had pT2 and/or pri-
mary tumors more than 4 cm in size [10]. The
results of that clinical trial are expected to pro-
vide us with perspectives on the future of mini-
mally invasive SLN navigation surgery for early
gastric cancer.

Clinical Application of SLN
Navigation Surgery in Early
Gastric Cancer

The distribution of sentinel lymphatic basins and
the pathological status of SLNs would be useful
in deciding on the extent of gastric resection and
avoiding the universal application of distal or
total gastrectomy with D2 dissection. Appropriate
indications for laparoscopic surgery such as par-
tial (wedge) resection, segmental gastrectomy,
pylorus-preserving gastrectomy, and proximal
gastrectomy (LPG) for cTINO gastric cancer
could be individually determined on the basis of
SLN status (Figs. 7.1 and 7.2a—c) [18-20]. Earlier
recovery after surgery and preservation of QOL
in the late phase can be achieved by limited lapa-
roscopic gastrectomy with SLN navigation. Our
study group in Japan has currently been conduct-
ing the multicenter prospective trial (UMIN ID:
000014401) which will evaluate function-
preserving gastrectomy with SLN mapping in
terms of long-term survival and patients’ QOL. A
Korean group is also conducting a multicenter
prospective phase III trial to elucidate the
oncologic safety including long-term survival of
laparoscopic stomach-preserving surgery with
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Fig.7.1 Individualized cT1 (<4cm)NOMO gastric cancer

function-preserving
approaches for
c¢T1NOMO gastric cancer
based on sentinel lymph

node mapping. ESD, Laparoscopic SLN mapping and biopsy

endoscopic submucosal Laparoscopic sentinel lymphatic basin dissection
dissection Intra-operative diagnosis of SLN
SLN metastasis (-) SLN metastasis (+)
Laparoscopic function-preserving gastrectomy Laparoscopic
Partial/wedge resection distal/total gastrectomy
Segmental resection with D2 dissection

Pylorus-preserving gastrectomy
Proximal gastrectomy

Endoscopic submucosal dissection (ESD)

Fig_ 7.2 Laparoscopic a Partial (wedge) resection b Segmental (pylorus preserving
gastrectomy)

function-preserving
gastrectomy with
sentinel lymphatic basin
dissection. (a) Partial
(wedge) resection, (b)
segmental (pylorus
preserving) gastrectomy,
(¢) proximal
gastrectomy, and (d)
sentinel lymphatic basin
dissection and ESD

. Sentinel Sentinel
. Primary tumor lymphatic basin . lymph node

(o] Proximal gastrectomy d ESD + Sentinel lymphatic
basin dissection

. Sentinel Sentinel
Primary tumor lymphatic basin . lymph node
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sentinel lymphatic basin dissection compared to
a standard laparoscopic gastrectomy [21].

A combination of laparoscopic SLN biopsy
and ESD for early gastric cancer is another attrac-
tive option as a novel, whole stomach-preserved,
minimally invasive approach. If all SLNs are
pathologically negative for cancer metastasis,
then theoretically ESD instead of gastrectomy
may be sufficient for the curative resection of cT1
gastric cancer beyond ESD criteria (Fig. 7.2d)
[20, 22]. However, further studies are required to
verify the safety and effectiveness of combined
treatments involving laparoscopic SLN biopsy
and ESD.

Currently, LDG or LPG are frequently applied
to patients with early gastric cancer according to
the results of pathological assessment of primary
tumor resected by ESD. To date, it has not been
clarified whether SLN mapping is even feasible
after ESD. One of the most important issues is
whether lymphatic flow from the primary tumor
to the original SLNs might change after ESD. In
our preliminary study, however, the sentinel lym-
phatic basin is not markedly affected by previous
ESD [20, 22]. Thus, modified gastrectomy
according to SLN distribution and metastatic sta-
tus might be feasible even for the patients who
underwent ESD prior to surgery.

Nonexposed Endoscopic Wall-
Inversion Surgery Plus SLN Biopsy
(Video 7.1)

In current function-preserving surgery such as
laparoscopic local resection or segmental gas-
trectomy, the approach of gastrectomy is only
from the outside of the stomach, in which the
demarcation line of the tumor cannot be visual-
ized at the line of resection. Therefore, the sur-
geon cannot limit resection of the stomach to
prevent a positive surgical margin. The recent
introduction of a new technique, referred to as
nonexposed endoscopic wall-inversion surgery
(NEWS), is a technique of partial gastric resec-
tion, which can minimize the extent of gastric

Fig.7.3 Trocar/port placement for laparoscopic function-
preserving gastrectomy with sentinel lymphatic basin
dissection

resection using endoscopic and laparoscopic sur-
gery without opening the gastric wall to treat gas-
tric cancer. During this procedure, a gastrotomy
penetrating the full stomach wall is not created,
and cancer cells, which are on the mucosal sur-
face, would be neither touched nor disseminated
to the peritoneum. The NEWS is thought to be
useful to prevent the peritoneal dissemination of
cancer cells [23]. We have been accumulating
cases of NEWS with laparoscopic SLN biopsy
for early gastric cancer with the risk of lymph
node metastasis in our clinical trial [23-25].

In brief, under general anesthesia, one camera
port at the umbilicus and four trocars were
inserted for laparoscopic surgery at four quad-
rants of the upper left, upper right, lower left, and
lower right, respectively (Figs. 7.3 and 7.4) [23].
Subsequently, the primary lesion was clearly
observed by conventional endoscopy, narrow
band imaging with magnifying endoscopy, and
chromoendoscopy to demarcate the tumor mar-
gin and to decide the resection area, and several
circumferential mucosal markings of the primary
tumor were placed approximately 5-10 mm out-
side the lesion using the tip of a 2.0-mm Dual
knife (KD-650 L; Olympus Medical Systems,



70

H. Takeuchi and Y. Kitagawa

Monitor for
laparoscopy
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Monitor for
endoscopy

Energy generator for
laparoscopic surgery

J

Energy generator for
endoscopy

Laparoscopist

Fig. 7.4 Patient positioning and operating room setup

Co., Ltd., Tokyo, Japan). After placing mucosal
markings, ICG was injected endoscopically into
the submucosa around the lesion to examine
SLNs (Figs. 7.5 and 7.6a—k) [23]. The SLN basin
including hot or stained SLNs was dissected, and
an intraoperative pathological diagnosis con-

firmed that no metastasis had occurred.
Subsequently, NEWS was performed for the pri-
mary lesion (Fig. 7.6f=k) [23].

In the placing of serosal markings using a spat-
ula-type electrode (A6284; Olympus), mucosal
markings were protruded toward the outer side
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Sentinel
lymphatic basin

. Primary tumor

Non-exposed
endoscopic wall-
inversion
surgery (NEWS)

Sentinel
lymph node

Fig. 7.5 Nonexposed endoscopic wall-inversion surgery
(NEWS) with SLN mapping and sentinel lymphatic basin
dissection. ESD, endoscopic submucosal dissection

using the Dual knife for the laparoscopist to rec-
ognize the location of these markings. A transpar-
ently visible shadow of the device from the
opposite side was also used to make the serosal
markings. Sodium hyaluronate solution (MucoUp;
Seikagaku Corporation, Tokyo, Japan) with a
small amount of ICG was additionally injected
endoscopically into the submucosal layer around
the circumference of the primary lesion, followed
by a laparoscopic circumferential seromuscular
incision 5 mm outside the serosal markings. In
order to avoid perforating the mucosa from the
outside, the seromuscular layer was cut carefully

up to the level of the submucosa stained with
green. After deeper cutting of the submucosa
toward the outer side to create a flap, the seromus-
cular layers were linearly sutured, with the lesion
inverted toward the inside of the stomach. On the
way to the suturing, a laparoscopic surgical
sponge (Securea; Hogy Medical Co., Ltd., Tokyo,
Japan) that was cut elliptically according to the
size of the lesion was inserted between the serosal
layer of the inverted lesion and the suture layer, in
order to provide a counter-traction to the mucosa
and to prevent cutting the suture during the subse-
quent endoscopic procedure. Finally, the circum-
ferential mucosal and submucosal incision was
made endoscopically 5 mm outside of the muco-
sal markings around the inverted lesion using the
Dual knife, while the inserted spacer was dug out.
The detached primary lesion and the sponge were
retrieved perorally, and the mucosal edges were
closed with several endoscopic clips (HX-610-
90 L; Olympus). After confirming no air leakage
by pooling with normal saline on the serosal side
of the suture, endoscopy and laparoscopic devices
were withdrawn and scars were sutured
(Fig. 7.6f-k).

The NEWS combined with laparoscopic SLN
biopsy can minimize not only the area of lymph-
adenectomy but also the extent of gastric resec-
tion with full-thickness partial gastrectomy for
patients with negative SLNs [24, 25].
Furthermore, NEWS does not require iatrogenic
perforation of the stomach, which enables us to
apply this technique to cancers without risk of
cancer dissemination. The combination of NEWS
with laparoscopic SLN biopsy is expected to
become a promising, minimally invasive,
function-preserving surgery to cure cases of cNO
early gastric cancer.
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Fig. 7.6 Technique for nonexposed endoscopic wall-
inversion surgery (NEWS) with SLN biopsy and sentinel
lymphatic basin dissection. (a) Indocyanine green (ICG)
was endoscopically injected into the gastric submucosal
layer surrounding the primary tumor, (b) laparoscopic
observation of ICG with normal light, (¢) observation of
ICG with infrared ray electronic endoscopy, (d) illustra-
tion showing ICG within lymphatic vessels and a sentinel
lymph node, (e) paired intraoperative image showing that

infrared ray electronic endoscopy can clearly visualize
SNs and lymphatics, (f) serosal markings on the primary
tumor, (g) laparoscopic seromuscular incision around the
circumference of the lesion, (h, i) laparoscopic seromus-
cular suturing for closure of the circumferential incision
and inversion of the primary lesion, (j) endoscopic cir-
cumferential mucosal incision, and (k) endoscopic
retrieval of the primary tumor
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Fig.7.6 (continued)




74 H. Takeuchi and Y. Kitagawa
Conclusion 12. Kinami S, Fujimura T, Ojima E, et al. PTD classifica-
tion: proposal for a new classification of gastric can-

. . cer location based on physiological lymphatic flow.

For early-stage gastric cancer, the establishment Int J Clin Oncol. 2008:13:320-9.

of individualized, minimally invasive treatments  13. Tajima Y, Murakami M, Yamazaki K, et al. Sentinel

that may retain the patients’ QOL should be the node mapping guided by indocyanine green fluores-

. . cence imaging during laparoscopic surgery in gastric
next surgical challenge. Althoggh .further stufhes cancer. Ann Surg Oncol. 2010;17:1787-93,

are needed for careful validation, function- 14 Ishikawa K, Yasuda K, Shiromizu T, et al.

preserving gastrectomy such as full-thickness Laparoscopic sentinel node navigation achieved

partial gastrectomy along with minimally inva- by infrared ray electronic endoscopy system in

sive SLN navieation sureery could be a bromis- patients with gastric cancer. Surg Endosc. 2007;

, gat gery p 21:1131-4.

ing strategy for this goal. 15. Nimura H, Narimiya N, Mitsumori N, et al. Infrared

ray electronic endoscopy combined with indo-
cyanine green injection for detection of sentinel

References nodes of patients with gastric cancer. Br J Surg.

2004:91:575-9.

1. Sano T, Hollowood K. Early gastric cancer. 16. Miyasbiro L, M_iYOShi N_’ Hirat.suka M, et al
Diagnosis and less invasive treatments. Scand J Surg. Detection of sentinel node in gastric cancer surgery
2006:95:249-55. by indocyanine green fluorescence imaging: com-

2. Kitano S, Iso Y, Moriyama M, Sugimachi parison with infrared imaging. Ann Surg Oncol.
K. Laparoscopy-assisted Billroth I gastrectomy. Surg 2008;15:1640-3. . )
Laparosc Endosc. 1994;4:146-8. 17. Wang Z, Dong ZY, Chen JQ, et al. Diagnostic value of

3. Adachi Y. Shiraishi N. Shiromizu A. et al. sentinel lymph node biopsy in gastric cancer: a meta-
Laparoscopy-assisted Billroth T gastrectomy com- analy51s..Ann Sqrg Oncol. 2912;19:1541_50' )
pared with conventional open gastrectomy. Arch Surg. 18- Takeuchi H, Saikawa Y, Kitagawa Y. Laparoscopic
2000:135:806-10. sentinel node navigation surgery for early gastric can-

4. Shinohara T, Kanaya S, Taniguchi K, et al cer. Asian J Endosc Surg. 2009;2:13-7.
Laparoscopic total gastrectomy with D2 lymph 19. Tak.euch1 H, anma T, Kamiya S, et al. Lapgroscopy-
node dissection for gastric cancer. Arch Surg. assisted proximal gastrectomy with sentinel node
2009:144:1138-42. mapping for early gastric cancer. World J Surg.

5. Kim YW, Baik YH, Yun YH, et al. Improved qual- 2011;35:2463-71. . o
ity of life outcomes after laparoscopy-assisted dis- 20. Takeuchl H, .Kltaga?va Y. Sentmftl node navigation
tal gastrectomy for early gastric cancer: results of surgery in patients with early gastric cancer. Dig Surg.
a prospective randomized clinical trial. Ann Surg. 20]3;30:104_‘—“'
2008:248:721-7. 21. Park JY, Kim YW, Ryu KW, et al. Assessment of

6. Kitagawa Y, Fujii H, Mukai M, et al. The role of the laparos.cop%c stomach preserving surgery with seqti-
sentinel lymph node in gastrointestinal cancer. Surg nel basin dissection versus standard gastrectomy with
Clin North Am. 2000:80:1799-809. lymphadenectomy in early gastric cancer-A multi-

7. Morton DL. Wen D’R Wong JH, et al. Technical center randomized phase III clinical trial (SENORITA
details of intraoperative lymphatic mapping for early trial) protpcol. BMC Cancer. 2916;16:340' o
stage melanoma. Arch Surg. 1992;127:392-9. 22. Mayanagi S, Takeuchi H, Kamiya S, et al. Suitability

8. Giuliano AE, Kirgan DM, Guenther JM, et al. of sentinel node mapping as an index of metastasis in
Lymphatic mapping and sentinel lymphadenectomy early gastric cancer following endoscopic resection.
for breast cancer. Ann Surg. 1994;220:391-401. Ann Surg Oncol. 2014:21:2987-93. i

9. Bilchik AJ, Saha S, Wiese D, et al. Molecular stag- 23. Goto O, Takeuchi H, Kawakubo H, et al. First case of
ing of early colon cancer on the basis of sentinel node non-exposed endoscopic wall-inversion surgery with
analysis: a multicenter phase II trial. J Clin Oncol. sentinel node basin dissection for early gastric cancer.
2001:19:1128-36. Gastric Cancer. 2015;18:440-5.

10. Kitagawa Y, Takeuchi H, Takagi Y, et al. Sentinel node ~ 24 Takeuchi H, Kitagawa Y. Sentinel lymph node biopsy
mapping for gastric cancer: a prospective multicenter In gastric cancer. Cancer J. 20 1.5 21214 )
trial in Japan. J Clin Oncol. 2013;31:3704-10. 25. Takeuchi H, Goto O, Yahagi N, et al. Function-

11. Takeuchi H, Kitagawa Y. New sentinel node mapping preserving gastrectomy based on the sentinel node

technologies for early gastric cancer. Ann Surg Oncol.
2013;20:522-32.

concept in early gastric cancer. Gastric Cancer.
2017;20(Suppl 1):53-9.



	7: Minimally Invasive Sentinel Lymph Node Biopsy for Gastric Cancer
	Introduction
	Laparoscopic SLN Biopsy Procedures
	Results of SLN Mapping in Gastric Cancer
	Clinical Application of SLN Navigation Surgery in Early Gastric Cancer
	Nonexposed Endoscopic Wall-Inversion Surgery Plus SLN Biopsy (Video 7.1)
	Conclusion
	References




