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Lymph node mapping in gastric cancer surgery: current
status and new horizons
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ABSTRACT

Gastric cancer (GC) remains one of the most important malignant diseases with significant geographical, ethnic, and socioeconomic differences in
distribution. Sentinel lymph node (SLN) mapping is an accepted way to assess lymphatic spread in several solid tumors; however, the complexity of
gastric lymphatic drainage may discourage use of this procedure, and the estimated accuracy rate is, in general, reasonably good. This study aimed at
reviewing the current status of SLN mapping and navigation surgery in GC. SLN mapping should be limited to tumors clinically T1 and less than 4 cm
in diameter. Combination SLN mapping with radioactive colloid and blue dye is used as the standard. Despite its notable limitations, SLN mapping and
SLN navigation surgery present a novelty individualizing the extent of lymphadenectomy.
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INTRODUCTION

Gastric cancer (GC) remains one of the most important malignant diseases with
significant geographical, ethnic, and socioeconomic differences in distribution
(1). Gastric cancer is the second leading cause of death from malignant diseas-
es worldwide, with especially high mortality rates in East, South, and Central Asia;
Central and Eastern Europe; and South America. Gastric cancers are most frequent-
ly discovered in advanced stages, except in East Asia, where screening programs
have been established. The prognosis of advanced GC remains poor, and curative
surgery is regarded as the only option for cure. Early detection of resectable GC is
extremely important for good patient outcomes; therefore, technologically sophis-
ticated screening programs are needed. In the near future, however, improving the
prognosis of advanced GC is necessary, which includes multimodality treatment
using chemotherapy, radiotherapy, and surgery (2).

Sentinel lymph node (SLN) mapping is an accepted way to assess lymphatic spread
in several solid tumors (i.e. breast cancer, vulvar cancer and melanoma). In an ideal
world, SLN mapping should be as good as systematic lymphadenectomy in the
identification of patients with lymph node dissemination, while reducing the mor-
bidity associated with an extensive surgical procedure. In breast cancer and mela-
noma surgery, SLN biopsy has proven to be a valuable tool in lymph node mapping
with a sensitivity of more than 95%. When SLN biopsy is negative, lymphadenec-
tomy can safely be omitted. Hence, SLN biopsy is now routinely practiced in these
cancer types (3).

Although the complexity of gastric lymphatic drainage may discourage the use
of this procedure, the estimated accuracy rate is, in general, reasonably good (4).

Current Status of GC Surgery

Gastric carcinoma shows a high tendency to lymph node metastasis. The risk of
regional nodal involvement increases with deep penetration through the gastric
wall, and the nodal extension of the cancer takes place gradually, radiating from
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primary location via the lymphatic system (4). Nodal metastases
are observed in 3%-5% of the gastric carcinomas which are lim-
ited to the mucosa, 11%-25% of which extend to the submuco-
sa, 50% of which reach the muscularis propria (T2), and 83% of
which extend to the serosa (T3) (4). After curative radical resec-
tion, local recurrence is represented in 87.5% of cases by nodal
metastases to local or regional lymph node stations (4).

The Japanese Classification of Gastric Carcinoma (Japanese Gas-
tric Cancer Association, JGCA, 1998) (5) has defined 16 different
lymph node stations (n) which drain the stomach (Figure 1).
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Figure 1. Lymph nodes that can be affected by dissemination of gast-
ric carcinomas according to “Japanese Classification of Gastric Carci-
noma. 2" English Edition’.

ACD: A. colica dexira, ACM: A. colica media, AGB: A. gastricae breves,
AGES: A. gstroepiploica sinistra, AGP: A. gastrica posterior, AJ: A. jejunalis,
APIS: A. phrenica inferior sinistra, TGC: Truncus gastrocolicus, VCD: V. coli-
ca dextra, VCDA: V. colica dextra accessoris, VCM: V. colica media, VGED:
V. gastroepiploica dextra, VJ: V. jejunalis, VMS: V. mesenterica superior,
VPDSA: V. pancreaticoduodenalis superior anterior.
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These are subdivided into three levels according to their distance
from the tumor, thus entailing three types of lymph node dissec-
tion (D) that can be associated to total or partial gastrectomy:
D1, in which perigastric lymph nodes from n1 to n6 are removed
(N1 level); D2, in which perigastric lymph nodes are removed as
well as those located along the main arterial vessels from n7 to
n12 (N2 level); D3, in which stations n13 to n16 are removed,
as well as those mentioned before (N3 level). During the 1960s,
the Japanese authors first introduced D2 lymphadenectomy in
patients with potentially curable advanced gastric carcinoma.
Short- (6) and long-term (7) results of a comparative randomized
controlled trial (RCT) between D1 and D3 (the D3 definition re-
ported in did not include para-aortic lymph nodes) conducted
on 221 patients who received curative surgery in a single insti-
tution were reported in 2004 and 2006. The authors concluded
that D3 dissection improves survival rates, and suggested that
it should be performed in specialized centers in order to limit
the chance of postoperative complications. A RCT conducted
by the East Asia Surgical Oncology Group in 2008 (8) compared
the data of 135 patients treated with D2 gastrectomy, with 134
patients receiving D4 gastrectomy (in D4 dissection inter-, pre-,
and latero-aortic lymph nodes of abdominal aorta as far as bifur-
cation are removed). The authors stated that D4 dissection is not
the best treatment option for patients with gastric carcinoma,
whereas D2 dissection is recommended if performed by experi-
enced surgeons. The Dutch Gastric Cancer Group Trial (9), pub-
lished in 2004, updated data on the survival of 711 patients pre-
viously enrolled in published RCTs. The authors concluded that
D2 lymph node dissection can be recommended only if opera-
tive morbidity and mortality can be reduced. A further update of
these data was published in 2010 (10), with a median follow-up
of 15.2 years. The overall 15-year survival was 21% after D1 resec-
tion and 29% after D2 resection (P= 0.34). Gastric cancer-related
mortality rates resulted significantly higherin D1 thanin D2 (41%
Vs 37%; P=0.01). The incidence of local recurrence (D1=22% vs
D2= 12%) and distant recurrence (D1= 19% vs D2= 13%) were
different, albeit not significantly. Patients who received splenec-
tomy and pancreatectomy had significantly lower overall surviv-
al rates in both D2 and D1 groups. On the other hand, patients
who received D2 resection without pancreatico-splenectomy
had a significantly higher overall 15-year survival compared
to patients receiving D1 resection (35% vs 22%, P= 0.006). The
authors concluded that D2 resection should be considered the
standard procedure to treat resectable gastric carcinoma. The
Italian Gastric Cancer Study Group (11) published a multicentric
RCT on 267 patients in 2010, comparing the short-term results of
D1 and D2 gastrectomy for curable GC. Pancreaticosplenectomy
was not considered a routine part of D2 gastrectomy, and the
spleen and pancreas were removed only when indicated by the
surgeon. The study did not show significant differences in terms
of operative mortality, morbidity and duration of postoperative



hospital stay. The authors concluded that D2 gastrectomy is a
safe option to treat gastric carcinoma of Western patients as well,
if it is performed in specialized centers (11).

In conclusion, in Western countries the prognostic value of D2
lymphadenectomy is still controversial, while in Eastern coun-
tries itis considered a standard procedure, likely to be further ex-
tended. Japanese authors do not even conduct RCT comparing
D1 and D2 lymphadenectomies on the grounds that they con-
sider D1 dissection unethical. Data indicate that D2 dissection is
an adequate and potentially beneficial staging and treatment
approach if operative mortality is avoided. Dissections extended
to para-aortic lymph nodes do not show significant advantages
in terms of survival. Splenectomy and distal pancreatectomy in-
crease operative morbidity and mortality. D2 dissection is con-
sidered a difficult procedure and should be performed by expe-
rienced surgeons in specialized centers. Authors suggest that a
surgeon should perform at least 200 gastrectomies under the
supervision of an experienced surgeon before he can perform
D2 lymph node dissections with acceptable morbidity and mor-
tality rates (4). In Western countries, due to the lower incidence
of gastric carcinoma, a surgeon is very unlikely to achieve such
an experience (4).

Rationale of SLN Mapping and Biopsy

In GC, lymph node status is one of the most important prognos-
tic factors. The extent of gastrectomy and lymphadenectomy
is largely based on the likelihood of lymph node metastases to
first- (N1) and second-tier (N2) lymph node stations. The appli-
cability of SLN biopsy in GC has been studied in recent years in
an effort to accurately predict metastasis to non-regional lymph
nodes. The ultimate goal is to identify patients who truly need
lymphadenectomy and to identify patients in whom lymph-
adenectomy can be omitted. Obviously, patients with suspicious
or proven lymph node metastases are not eligible for SLN biop-
sy, and a routine D2 lymphadenectomy is deployed. Additional-
ly, in patients with advanced tumors (T3 and more), SLN biopsy
does not seem appropriate. These patients already have a high
probability of having first- or second-tier lymph node metasta-
ses. Moreover, in advanced tumors, original lymphatic drainage
routes might be obstructed or altered, resulting a lower accura-
cy of the SLN biopsy (1).

Surgical procedures for gastric cancer have been changing, for in-
stance endoscopic mucosal or sub-mucosal resection, minimally
invasive surgery and individualized management have become
popular. For lymph node dissection, D2 lymph node dissection
has been accepted standard procedure (5, 12). Since the early
stage of GC has increased and SLN status is one of the most im-
portant prognostic factors, the extend of lymph node dissection is
crucial during minimal invasive surgery. For this reason, the meth-
od to evaluate lymph node metastasis becomes more important.
Behind the lymph node navigation method, complicated lym-
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phatic drainage of the gastrointestinal system, possibility of micro
and/or skip metastases are other issues in SLN evaluation.

Tracers

Selection of optimal radioactive tracers for SLN mapping is an
important issue. Although most studies focus on a single trac-
er, using a dual-tracer method (dye plus radioactive) would be
more accurate in routine practice. Moreover, several controver-
sies have remained such as the injection way or timing and vol-
ume of the tracer. Kitagawa et al. have shared their experience
and reported that tin colloid particles migrates to SLN within
2 hour and remains about 20 minutes. They have also recom-
mended endoscopic or laparoscopic injection (13) and (14) sug-
gested that technetium-99m tin colloid is recommended as an
optimal tracer for SLN mapping for gastric cancer.

Peparini (15) has suggested that advances in imaging technolo-
gies could allow a more accurate preoperative detection of SLN
than the current dye- or radio-guided methods. Moreover, new
dye-guided intraoperative technologies might revolutionize
the SLN mapping procedure in gastrointestinal cancers. Indocy-
anine green (ICG) infrared or fluorescence imaging may identify
a higher number of SLN than radio-guided methods because
the particle size of the dyes is smaller than that of radioactive
colloids. In GC, ICG infrared imaging is a useful tool in the lapa-
roscopic detection of SLN. ICG fluorescence imaging is feasible
even by preoperative ICG injection at, for instance, 1 or 3 d be-
fore surgery; it is also feasible in laparoscopy-assisted gastrecto-
my via a small laparotomy (15).

Injection Route of Tracers

Submucosal injection of the tracer using an endoscope is a stan-
dard procedure in the trial conducted by the Japan Society of
Sentinel Node Navigation Surgery (16).

Nevertheless, several researchers have reported that there is no
difference in the detection rate, mean number of SLN, and sen-
sitivity of the SLN biopsies between submucosal and subserosal
injection (17,18).

Operative Technique to Retrieve SLN

Two techniques to retrieve SLN have been reported: the pick-
up method and lymphatic basin dissection (LBD). The pick-up
method is a very popular method for breast cancer and melano-
ma, but it is not applicable to GC (19). In the pick-up method, hot
node or nodes are dissected, but in LBD, not only hot node also
cold nodes are dissected. Kelder et al. have demonstrated that
intra-operative accuracy for detecting SLN metastasis is 50%
with node picking versus 92.3% with LBD (20).

Clinical Results

Radioguided SLN mapping is an accurate diagnostic procedure
for detecting lymph node metastasis in patients with clinical T1-
2NO0 GC. Since the main purpose of introducing this technology
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Table 1. Summary of the clinical results of the studies

Reference Year N Detection rate (%) Sensitivity (%) Result
Niihara M et al. (28) 2016 385 96.6 98.9 Functional
Jalaly NY et al. (29) 2014 30 100 91.7 Functional
Toth Detal. (30) 2013 40 974 95.7 Functional
Stojanovic D et al. (31) 2013 137 98.2 100 Functional
Kitagawa Y et al. (25) 2013 397 97.5 93 Functional
Dong LF et al. (32) 2012 23 100 100 Functional
Park DJ et al. (33) 2011 68 912 100 Functional
Kelder W et al. (20) 2010 212 99.5 97 Functional
Ohdaira H et al. (34) 2009 60 100 100 Functional
Yanagita S et al. (35) 2008 160 98.8 96.7 Functional
Ichikura T et al. (36) 2006 80 100 93 Functional
Arigami T et al. (37) 2006 61 100 95.5 Functional
Nimura H et al. (38) 2004 84 99 100 Functional
Zulfikaroglu B et al. (39) 2005 32 97 100 Functional

into GC surgery is to extend the indication of minimally invasive
surgery for pathologically node negative cases, there is no ad-
vantage to include advanced cases for which modified less-in-
vasive surgical approaches are not applicable. The size of the
primary lesion is also an important factor to consider regarding
this technique. It is difficult to cover a whole lymphatic drainage
route from a larger tumor exceeding 4 cm (21).

Nakajo et al. (22) have suggested that TTNO patients are possi-
ble candidates for SLN scintigraphy. They have reported high
micrometastases rate even in patients that do not have sus-
pected lymph nodes during preoperative evaluation. Similarly,
Kitagawa et al. (13) have found the detection rate as 95% and
the accuracy as 98%. Saikawa et al. (23) have evaluated the ac-
curacy of SLN scintigraphy in 35 TINo GC patients. They have
reported a 94.3% detection rate and 97% accuracy. The only
patient with false negative result had advanced GC with inva-
sion into the proper muscular layer and vascular vessel invasion,
causing destruction of normal lymphatic flow. At another view
of aspect, Nakahara et al. (24) have reported the relation of body
mass index (BMI) and success of preoperative lymphoscintig-
raphy, and they have found a significant difference between
BMIs of successful and unsuccessful groups. Kitagawa et al.
(25) have calculated the detection rate of sentinel node with
dual tracer method (Tc-99m Tin Colloid and blue dye) as 97.5%
in their large cT1 and cT2 gastric carcinoma group. Their 3 out
of 4 false negative sentinel lymph node biopsies were pT2 tu-
mors. They suggested that sentinel lymph node biopsy would
be more successful in TT tumors because false negative rate is
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higher in T2 tumors. Table 1 summarizes the clinical success of
the studies.

Meta analyses results suggest that further studies are needed to
confirm the best procedure and standard criteria for the clinical
application of SLN mapping in GC (26,27).

CONCLUSION

Gastric cancer is now one of the most suitable targets of an in-
dividualized less-invasive surgery based on the SLN concept al-
though there are several unresolved issues. In our opinion, SLN
mapping and SLN navigation surgery present a novelty individ-
ualizing the extent of lymphadenectomy for GC.
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Mide kanseri cerrahisinde lenf bezi haritalamasi: giincel durum ve yeni ufuklar
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OZET

Gastrik kanser (GC), dagilimda onemli cografi, etnik ve sosyoekonomik farkliliklara sahip en 6nemli malign hastaliklardan biri olmaya de-
vam etmektedir. Sentinel lenf nodu (SLN) haritalamasi, bazi solid timorlerde lenfatik yayilimi degerlendirmenin kabul edilen bir yolu-
dur, gastrik lenfatik drenajin karmasikligi bu prosediriin kullanimini engelleyebilir, tahmini dogruluk orani genel olarak makul derece-
de iyidir. GC'de SLN haritalama ve navigasyon cerrahisinin mevcut durumu goézden gegirilmektedir. SLN haritalamasi klinik T1 ve capi 4
cm'den kiglk timorler ile sinirh olmaldir. Radyoaktif kolloid ve mavi boya ile kombinasyon SLN haritalamasi standart olarak kullanilir.
Kayda deger sinirlamalarina ragmen, SLN haritalamasi ve SLN navigasyon cerrahisi lenfadenektomiyi kisisellestiren bir yenilik sunmaktadir.
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