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still experimental and the surgical procedure has yet to be 
standardized. Robotic gastrectomy is feasible for early gas-
tric cancer in terms of similar outcome, but is much more 
expensive in comparison to laparoscopic surgery. Its benefit 
over the conventional laparoscopic gastrectomy has not yet 
been proven.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 After the initial introduction of laparoscopic gastrec-
tomy for gastric cancer by Kitano et al.  [1]  in 1993, the 
procedure has spread rapidly and is now considered one 
of the standard minimally invasive procedures for the 
treatment of early gastric cancer (EGC). In Korea, for ex-
ample, the number of laparoscopic surgeries for gastric 
cancer increased from 740 in 2004 to 3,783 in 2009, rising 
from 6.6% of all gastric cancer surgeries to 25.8%, respec-
tively  [2] . The cumulative number of laparoscopic gastric 
cancer surgeries from 1995 to 2009 was estimated to be 
14,731 in Korea  [3] . Along with laparoscopic gastrecto-
my, other laparoscopic gastric surgeries such as wedge 
resection or peptic ulcer surgery has also increased ( fig. 1 ).

  Over last two decades, laparoscopic gastrectomy has 
provided a lot of clinical evidence, mainly from Korea and 
Japan, and today some experts have extended their use of 
laparoscopic gastrectomy from EGC to advanced gastric 
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 Abstract 

 Laparoscopic gastrectomy for gastric cancer is rapidly be-
coming popular because of the technical developments and 
the accumulated data of laparoscopic surgery in gastric can-
cer patients. The aim of this review is to present the current 
body of evidence and to highlight controversial issues of lap-
aroscopic gastrectomy for gastric cancer. Laparoscopic dis-
tal gastrectomy (LDG) provides better or comparable out-
comes compared to conventional open distal gastrectomy 
(ODG) in terms of short-term results. The long-term survival 
of LDG is expected to be comparable to that of ODG in early-
stage gastric cancer, and an ongoing Korean multicenter 
randomized controlled trial (KLASS-01) will provide more 
clear evidence. Laparoscopic total gastrectomy is still selec-
tively performed compared to LDG, and there is still debate 
on the safety of the laparoscopic esophagojejunostomy 
technique. Laparoscopic pylorus-preserving gastrectomy 
seems to be preferred for early gastric cancer in the middle 
third of the stomach in terms of functional advantages and 
comparable oncologic outcome. Evidence for LDG for ad-
vanced gastric cancer is still insufficient and the issue of lack 
of generalization still remains, even after ongoing multi-
center randomized controlled trials have revealed clinical 
evidence. Laparoscopic sentinel node navigation surgery is 

 Published online: July 18, 2013 

 Han-Kwang Yang, MD, PhD, FACS 
 Department of Surgery and Cancer Research Institute 
 Seoul National University College of Medicine 
 101 Daehang-ro, Jongno-gu, Seoul 110-744 (Korea) 
 E-Mail hkyang   @   snu.ac.kr 

 © 2013 S. Karger AG, Basel
0253–4886/13/0302–0132$38.00/0 

 www.karger.com/dsu 

http://dx.doi.org/10.1159%2F000350884


 Laparoscopic Gastrectomy Dig Surg 2013;30:132–141
DOI: 10.1159/000350884

133

cancer (AGC) due to the accumulated surgical experience 
and instrumental developments.

  For the indication of laparoscopic gastrectomy, gastric 
adenocarcinoma is commonly indicated; however, be-
nign gastric ulcer or gastric subepithelial tumor is some-
times indicated, too. The extent of lymph node (LN) dis-
section is an important issue. In general, most articles re-
port D1 + α, D1 + β, or D2 dissection, which means at 
least a D1 + LN dissection according to the 3rd Japanese 
Gastric Cancer Treatment Guidelines  [4] .

  Laparoscopic gastrectomy can be classified into lap-
aroscopic distal gastrectomy (DG), total gastrectomy, py-
lorus-preserving gastrectomy (PPG), and proximal gas-
trectomy in terms of the resection extent of the stomach. 
From the perspective of the surgical approach, it can be 
also classified into laparoscopy-assisted gastrectomy 
(LAG) and totally laparoscopic gastrectomy. LAG means 
parts of the surgical procedures (usually anastomosis) are 
performed outside the body (extracorporeal) through 
minilaparotomy. In contrast, totally laparoscopic gas-
trectomy means all parts are performed inside the body 
(intracorporeal) by a laparoscopic approach (i.e. intra-
corporeal anastomosis). Combing these two criteria, doz-
ens of terms are used in the literature, such as laparosco-
py-assisted distal gastrectomy (LADG), laparoscopy-as-
sisted total gastrectomy (LATG), (totally) laparoscopic 
distal gastrectomy (TLDG or LDG), etc.  [3] . However, 
this terminology sometimes overlaps, for example the 
term ‘LADG’ is sometimes used for indicating both 
LADG and TLDG.

  In this review, we will present the current clinical data 
of the different types of laparoscopic gastrectomy in terms 
of short- and long-term outcomes, with special reference 
to the extent of resection and indication of surgery. In ad-
dition, we will discuss several controversies surrounding 
laparoscopic gastrectomy and highlight what is still re-
quired in the field of laparoscopic gastrectomy for gastric 
cancer. Finally, laparoscopic sentinel node (SN) naviga-
tion surgery and robotic gastrectomy will be discussed. 
Laparoscopic wedge resection, sometimes included in 
laparoscopic gastrectomy, will not be covered in this ar-
ticle.

  Methods 

 A PubMed search was carried out using the search terms ‘lapa-
roscopic gastrectomy’ AND ‘gastric cancer’ along with their syn-
onyms or abbreviations until February 2013. Meta-analyses and 
randomized controlled trials (RCT) were firstly reviewed, and the 
references of the each identified articles were also evaluated. Large-
scale prospective cohort studies, retrospective case-control stud-
ies, and case series were also reviewed. Selected ongoing clinical 
trials in which the clinical influence seems to be high were also 
included.

  Laparoscopic Distal Gastrectomy 

 LDG or LADG is the first and most commonly per-
formed laparoscopic gastrectomy for gastric cancer. 
Nowadays, the general indication is considered as EGC 
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  Fig. 1.  Annual number of laparoscopic gas-
tric surgeries in Korea (1995–2008). 
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located in the middle or lower third of the stomach. Three 
types of reconstruction are usually performed: gastrodu-
odenostomy (Billroth I), loop gastrojejunostomy (Bill-
roth II), and Roux-en-Y gastrojejunostomy.

  Most surgeons use 5 or 6 trocars in a similar location 
for LADG. As usual, the range of LN dissection covers 
Nos. 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, and 11p with or without 
Nos. 12a and 14v according to the Japanese gastric cancer 
classification  [5] . For the anastomosis, a circular or linear 
stapler is commonly used through a 4- to 5-cm vertical or 
transverse minilaparotomy on the upper abdomen in case 
of extracorporeal gastroduodenostomy or gastrojejunos-
tomy  [6] . In case of intracorporeal anastomosis, a delta-
shaped anastomosis is commonly applied for the gastro-
duodenostomy  [7] . Although intracorporeal anastomosis 
has some advantages, such as providing a better operative 
view and a wider range for movement during the recon-
struction (especially for obese patients), it is still contro-
versial to use routinely because of its higher cost for more 
staples and similar clinical outcomes compared with ex-
tracorporeal anastomosis  [8] .

  Several meta-analyses focusing on LADG in compari-
son to open distal gastrectomy (ODG) have been pub-
lished. Among them, Zeng et al.  [9]  performed a meta-
analysis including 5 RCTs and 18 non-RCTs with 3,411 
patients, and reported that LADG may reduce intraop-
erative blood loss, overall postoperative morbidity, post-
operative analgesic consumption, and hospital duration 
without increasing the total hospitalization costs and 
 cancer recurrence rate. They also reported that the mean 
number of retrieved LNs and overall survival rate were 
comparable between the LADG and ODG groups. Simi-
larly, Strong and colleagues  [10]  reported that LADG can 
be performed safely with a shorter hospital stay and few-
er complications than open surgery in a meta-analysis 

with 6 RCTs and 19 non-RCTs with 3,055 patients. In ad-
dition, Jiang et al.  [11]  recently made another meta-anal-
ysis including 8 RCTs (n = 784 patients) only and report-
ed that LADG has the advantage of better short-term out-
come compared to ODG.

  At least six important RCTs comparing LADG versus 
ODG have been published in the English literature  [12–
17]  ( table 1 ). Five of these trials were from Japan or Korea, 
and only one was from a Western country (Italy). The 
number of patients enrolled in each trial ranged from 28 
to 342. The three reports from Korea  [15–17]  used ade-
quate random allocation sequences; however, the exact 
method of randomization was unclear in the other trials, 
which only stated that allocation had been ‘randomized’ 
 [11] . Except for the RCT from Italy  [14] , the trials from 
the East included only clinically EGC or stage I disease. 
Only one RCT  [17]  was conducted as a multicenter trial 
in a single country, and to date, there have been no mul-
tinational trials. The long-term survival difference was 
not available because of insufficient follow-up time or 
small sample size in these RCTs.

  Among the RCTs, the largest and most noticeable 
one is the Korean multicenter trial named KLASS (Ko-
rean Laparoendoscopic Gastrointestinal Surgery Study; 
NCT00452751). The indication was clinical stage I 
(cT1N0M0, cT1N1M0, and cT2N0M0) gastric adenocar-
cinoma. The primary endpoint was overall survival, and 
the secondary endpoints were disease-free survival, mor-
bidity, mortality, quality of life, inflammatory and im-
mune responses, and cost-effectiveness. A distal gastrec-
tomy with D1 + β or D2 LN dissection was performed in 
both groups. Reconstruction was performed by Billroth I 
or Billroth II or Roux-en-Y fashion, depending on the 
surgeons’ preference. To assure high surgical quality, sur-
gery was performed by 15 surgeons, who had performed 

Table 1. Prospective RCTs comparing LADG vs. ODG

Author Country Study period Sample size (L/O) LND Reconstruction

1 Kitano et al. [12] Japan 1998 – 2001 14/14 D1 + α B-I
2 Hayashi et al. [13] Japan 1999 – 2001 14/14 D1 + α B-I
3 Huscher et al. [14] Italy 1992 – 1996 30/29 D1 or D2 B-II or RY
4 Lee et al. [15] Korea 2001 – 2003 24/23 D2 B-I
5 Kim et al. [16] Korea 2003 – 2005 82/82 D1 + β or D2 B-I
6 Kim et al. [17] Korea 2006 – 2007 179/163 D1 + β or D2 B-I (mainly)

L = Laparoscopic; O = open; LND = lymph node dissection; B-I = Billroth-I gastroduodenostomy; B-II = Billroth-II gastrojejunos-
tomy; RY = Roux-en-Y gastrojejunostomy.
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at least 50 cases each of LADG and ODG, at 12 institutes, 
which had performed more than 80 cases of distal gas-
trectomy per year. The initial sample size was 1,400. From 
February 2006 to August 2010, 1,415 patients (704 LADG 
and 711 ODG) were enrolled, and the final results are ex-
pected to be reported in September 2015  [18] .

  The interim analysis of this KLASS-01 trial was pub-
lished in 2010. A total of 342 patients were randomized 
(179 LADG and 161 ODG). There were no significant 
 differences between the two groups concerning patient 
demographics. The postoperative complication rates of 
LADG and ODG groups were 10.5% (17/179) and 14.7% 
(24/163, p = 0.137). The postoperative mortality was 1.1% 
(2/179) and 0% (0/163) in the LADG and ODG groups 
(p = 0.497). The authors concluded that there was no 
 significance difference in the morbidity and mortality 
 between the two groups  [17] .

  Another important Korean single-center RCT, con-
ducted by Kim et al.  [16] , was published in 2008. This 
study aimed to evaluate the quality of life after LADG 
compared to ODG (n = 82 in each group) in patients with 
EGC. The LADG group showed better functional and 
symptom scales of EORCT QLQ-C30 and QLQ-STO22 
at 3 months after surgery. Also, intraoperative blood loss, 
total amount of postoperative analgesics, and postoper-
ative hospital stay were significantly less in the LADG 
group. The authors concluded that LADG resulted in im-
proved quality of life outcomes after surgery in EGC pa-
tients compared to ODG.

  The RCT from Italy was published by Huscher et al. 
 [14]  in 2005. This study was unique in terms of inclusion 
of advanced cancer as well as reporting survival data. 
Among the 59 patients enrolled, 37 (63%) were finally re-
vealed as stage II or more. Operative morbidity and mor-
tality rates were 26.7 and 3.3% in LADG group and 27.6 
and 6.7% in the ODG group, respectively. Five-year over-
all survival rates were 58.9 and 55.7% in the LADG and 
ODG groups. Although the authors concluded that 
LADG for distal gastric cancer is a feasible and safe onco-
logic procedure, there was a lot of criticism concerning 
this trial, including the small number of patients, enroll-
ment of diverse stages, surgical quality, and lack of back-
ground data for the inclusion of AGC.

  Recently, the Japanese Clinical Oncology Group 
(JCOG) launched an RCT comparing LADG versus ODG 
for clinical stage I gastric cancer. This trial (JCOG 0912, 
UMIN000003319) plans to enroll 920 patients within 5 
years. The primary endpoint is overall survival, and the 
secondary endpoints are relapse-free survival, conversion 
rate of LADG group, short-term clinical outcomes, and 

postoperative quality of life  [19] . Therefore, the study de-
sign of the JCOG 0912 trial is basically the same as the 
KLASS trial, and these two trials should provide solid ev-
idence for the role of LADG in patients with stage I gastric 
cancer.

  For the long-term outcome of LADG, many case-con-
trol studies and case series are currently available  [20–23] . 
The Japanese Laparoscopic Surgery Study Group (JLSSG) 
reported a retrospective multicenter study of laparoscop-
ic gastrecomy for EGC in 2007. Analyzing 1,294 patients 
from 16 hospitals from 1994 to 2003, they showed that 
only 6 (0.6%) patients had a recurrence during a median 
follow-up of 36 months (range: 13–113), and the 5-year 
disease-free survival rate was 99.8% for stage Ia, 98.7% for 
stage Ib, and 85.7% for stage II disease. In this cohort, 
LADG was performed in 1,185 patients (91.5%), and the 
5-year disease-free survival after LADG was 99.4%  [20] .

  The KLASS Group also reported a similar retrospec-
tive multicenter long-term outcome of 1,417 patients 
who underwent LAG at 10 hospitals from 1998 to 2005. 
LADG was performed for 1,263 patients (89.1%). Recur-
rence was observed in 1.6% (19/1,186) in EGC and 13.4% 
(31/231) in AGC during 41 months of median follow-up 
(range: 2–109). Recurrence time and pattern was similar 
to that of conventional open surgery. Thirty-four patients 
out of 50 (68.0%) had a recurrence within 2 years after 
surgery, and the recurrence pattern was hematogenous in 
17 (34.0%), peritoneal in 11 (22.0%), locoregional in 10 
(20.0%), distant LNs in 2 (4.0%), and mixed in 10 (20.0%) 
 [21] .

  Strong et al.  [22]  at Memorial Sloan-Kettering Cancer 
Center in New York reported a retrospective case-control 
study comparing 30 LADG with 30 ODG. Controls were 
matched for stage, age, and gender from 2005 to 2008. 
The mean number of resected LNs was 18 (range: 7–36) 
in the LADG group and 21 (range: 7–44) in the ODG 
group (p = 0.03). There were 4 recurrences (13.3%) in the 
LADG group during 11 months of follow-up and 5 recur-
rences (16.6%) in the ODG group during 13.8 months 
follow-up (p = 0.71). Our group did a similar retrospec-
tive case-control study in which the clinical outcomes of 
EGC patients who underwent LADG (n = 100) and sex-, 
age-, and BMI-matched EGC patients who underwent 
ODG (n = 100) were compared retrospectively. Although 
the mean number of resected LNs were smaller in the 
LADG group compared to the ODG group (29.3 vs. 36.4, 
p < 0.001), the recurrence rate was not different between 
the two groups (2% in LADG vs. 1% in ODG) with no 
cancer-related deaths for 40 months for LADG and 35 
months for ODG  [23] .

http://dx.doi.org/10.1159%2F000350884


 Lee/Yang

 

Dig Surg 2013;30:132–141
DOI: 10.1159/000350884

136

  Laparoscopic Total Gastectomy 

 Unlike LADG, laparoscopic total gastrectomy (LTG) 
or LATG remains a challenging procedure and the tech-
nique has not yet been standardized  [24] . The general in-
dication is EGC located in the upper third of the stomach. 
However, compared to LADG, LATG seems to be selec-
tively performed, even in Korea and Japan. In Korea, for 
example, 25.3% (2,354/9,290 patients) of middle or lower 
third gastric cancer was treated by laparoscopy, but only 
7.5% (231/3,062 patients) of upper third gastric cancer 
was treated by laparoscopy in 2009  [25] .

  Trocar placement is similar to LADG; however, many 
surgeons prefer to place right 2 trocars more medially in 
LATG for the efficient removal of LNs around the splen-
ic hilum (No. 10), LNs along distal splenic artery (No. 
11d), and left paracardial LNs (No. 2).

  Esophagojejunostomy is usually made by Roux-en-Y, 
either with an extracorporeal or intracorporeal approach 
 [3] . Extracorporeal anastomosis is performed through a 
4- to 5-cm vertical minilaparotomy incision made on the 
upper midline. After placing the anvil head into the distal 
esophagus, the mesentery of the proximal jejunum which 
was pulled out through the minilaparotomy is divided to 
make a Roux limb. Thereafter, jejunojejunostomy is made 
either manually or by a stapler, and finally esophagojeju-
nostomy is performed by a circular stapler. Sometimes, it 
is difficult to obtain a sufficient proximal resection mar-
gin in obese patients or tumors located near the esopha-
gogastric junction, and it is also difficult to get enough 
length of the Roux limb which is partially exposed through 
the minilaparotomy site. To overcome these limitations, 
several types of intracorporeal anastomoses have been de-
veloped over the last several years  [26] .

  Transoral introduction of the anvil head of the circular 
stapler (OrVil) is one of the most promising methods. 
Sakuramoto et al.  [27]  reported that intracorporeal esoph-
agojejunostomy with this technique was achieved suc-
cessfully in 26 out of 27 patients. No other complications, 
such as hypopharyngeal or esophageal injury, occurred 
during passage, and no postoperative complications oc-
curred except one anastomotic stenosis. On the other 
hand, Nagai et al.  [28]  reported a case series of 94 patients 
who underwent intracorporeal esophagojejunostomy 
with a linear stapler. Only 2 cases of anastomotic leakage 
were developed after surgery, but there was no open con-
version or mortality in this cohort.

  Recently, a meta-analysis  [29]  was reported including 
eight non-RTCs with 314 LTG and 384 open total gastrec-
tomy (OTG) in patients with gastric cancer. LTG showed 

less intraoperative blood loss, less postoperative compli-
cations, and shorter hospital stay compared with OTG, 
although operation time was longer in the LTG group. In-
hospital mortality rates were comparable for LTG (0.9%) 
and OTG (1.8%). The authors concluded that LTG shows 
better short-term outcomes compared with OTG in pa-
tients with gastric cancer. Among eight studies enrolled in 
this meta-analysis, Kim et al.  [30]  reported the largest ret-
rospective case-control study in which 73 LTG and 127 
OTG were compared. D1+ or D2 LN dissection was per-
formed, and the esophagojejunostomy was in an extracor-
poreal manner. There were no significant differences in 
postoperative complication rates. However, LATG could 
improve time to first flatus, time to commencement of soft 
diet, administration of analgesics, pain score, and hospital 
discharge. The KLASS Group also reported a retrospective 
multicenter cohort study with 131 patients who under-
went LATG. Only one patient required conversion to 
open procedure. The mean number of retrieved LNs was 
34.7. The mean duration of postoperative hospital stay 
was 11.3 days, and the postoperative morbidity rate was 
19% without operative mortality. The most common 
postoperative morbidity was wound complications at the 
minilaparotomy site, and there were 3 cases of anastomot-
ic leakage. Six patients (5%) had recurrence of cancer, and 
9 patients (7%) died during the follow-up period  [31] .

  All of these retrospective data show the safety and ef-
fectiveness of LATG; however, a multicenter RCT or pro-
spective cohort study is required to rule out the possibil-
ity of publication bias. In Korea, a multicenter single-arm 
phase II trial evaluating LATG for stage I gastric cancer 
(KLASS-03) has just been launched. The total number of 
patients is expected to be 168, and postoperative 30-day 
morbidity and mortality will be primarily measured. The 
method for anastomosis is not unified and can be deter-
mined by the surgeon’s preference. To our knowledge, 
this trial may be the first multicenter trial evaluating 
LATG in the world, and the final result will reveal the 
safety issue of LATG in general practice.

  Laparoscopic PPG 

 According to the Japanese gastric cancer treatment 
guidelines, PPG can be used for cT1N0 gastric cancer in 
the middle portion of the stomach with the distal tumor 
border at least 4 cm proximal to the pylorus  [4] . There-
fore, either DG or PPG can be performed to treat middle 
third EGC. Compared to DG, PPG has several advantag-
es such as nutritional benefit and lower incidence of 
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dumping syndrome, bile reflux, and gallstone formation 
 [32, 33] . Recently, clinical data has been reported that val-
idate the role of PPG done by laparoscopy.

  PPG is different from DG in terms of the preservation 
of the distal antrum (about 3 cm), hepatic branch of vagus 
nerve, right gastric vessel, and infrapyloric vessel. For the 
LN dissection, the No. 5 and 12a stations remain left and 
the No. 6 station is partly limited. Gastrogastrostomy is 
mostly created in an end-to-end manner. In the laparo-
scopic procedure, it is usually performed using an extracor-
poreal hand-sewn method since the antrum is too thick to 
be cut and anastomosed by a linear stapler.

  Recently, Hiki and colleagues  [34]  reported the short-
term outcomes of 307 patients who underwent laparos-
copy-assisted pylorus-preserving gastrectomy (LAPPG) 
from 2005 to 2009. The mean operation time for LAPPG 
was 229.4 min and estimated blood loss was 49.1 ml. The 
mean number of dissected LNs was 31.6. Complications 
developed in 53 patients (17.3%), and major complica-
tions (grade IIIa or higher according to the Clavien-Din-
do classification  [35] ) were observed in only 4 patients 
(1.3%). The most frequent complication was gastric sta-
sis, occurring in 19 patients (6.2%). Body mass index 
(BMI) was related to the severity of the complications.

  Our group performed a retrospective analysis compar-
ing those who underwent LAPPG (n = 116) and LADG 
(n = 176) for middle third EGC. The overall postopera-
tive morbidity rate was similar between the two groups, 
 although delayed gastric emptying was more frequent in 
LAPPG than in LADG (7.8 vs. 1.7%). The number of re-
trieved LNs was not significantly different (35.9 in LAP-
PG vs. 35.2 in LADG), and 3-year recurrence-free sur-
vival rates were also similar between LAPPG and LADG 
(98.2 vs. 98.8%). Serum protein and albumin at postop-
erative 1 and 6 months as well as abdominal fat area mea-
sured by CT scan at postoperative 1 year were significant-
ly less decreased in LAPPG. The 3-year cumulative inci-
dence of gallstone was also significantly lower in LAPPG 
than in LADG (0 vs. 6.5%)  [36] . Therefore, LAPPG can 
be considered as a better treatment option than LADG in 
terms of nutritional advantage and lower incidence of 
gallstone for middle third EGC.

  Risk Factors for Postoperative Morbidity in 

Laparoscopic Gastrectomy 

 Risk factors for postoperative morbidity in laparo-
scopic gastrectomy may not differ so much from those in 
open gastrectomy. Three aspects may be considered for 

the prediction of complication: tumor-related factors, 
 patient-related factors, and surgeon-related factors.

  Before starting the KLASS trial, the Korean surgeons 
had collected large-scale retrospective multicenter data 
from each participating surgeon’s beginning to the end of 
2005 to reveal the safety profile and the risk factors for 
operative morbidity in laparoscopic gastrectomy. The 
data of 1,485 patients who underwent LAG for gastric 
cancer with more than D1 LN dissection by 10 surgeons 
were analyzed. Overall morbidity and mortality rates 
were 14.0 and 0.6%, respectively. Complications  included 
wound problems (4.2%, n = 62), intraluminal bleeding 
(1.3%, n = 20), intra-abdominal abscess or fluid collection 
(1.3%, n = 19), anastomotic leakage (1.3%, n = 18), and 
intra-abdominal bleeding (1.3%, n = 18). Sex, comorbid-
ity, type of resection, and surgeon’s experience were 
found to be independent risk factors for local complica-
tions, and age was found as an independent risk factor for 
systemic complication  [37] . Furthermore, among various 
comorbidities of the patients, pulmonary comorbidity 
was shown to be related with most types of immediate 
postoperative complications compared with other co-
morbidities  [38] .

  The KLASS group also performed several comparative 
studies in terms of several interesting potential risk fac-
tors for complication, such as age, obesity, surgeon’s in-
experience, etc. In terms of age, laparoscopic surgery is 
generally regarded as offering a substantial advantage to 
old patients in terms of fewer cardiorespiratory complica-
tions, shorter hospital stay, and faster return to physical 
activities  [39] . Cho et al.  [40]  reported that patients aged 
70 years or more (n = 226) did not show significant dif-
ferences in postoperative morbidity or mortality, com-
pared to patients aged 45–69 years (n = 890). Preoperative 
comorbidity was revealed as the only risk factor for post-
operative complications in this elderly group.

  Obesity is known to be one of the risk factors for post-
operative morbidity  [41] . However, there are conflicting 
reports suggesting that obesity may or may not increase 
operative morbidity following laparoscopic gastrectomy 
 [42, 43] . Lee et al.  [44]  compared clinical outcomes be-
tween high BMI ( ≥ 25, n = 432) and low BMI (<25, n = 
1,053). Postoperative morbidity and mortality did not 
differ between the high BMI (15.7 and 0.9%) and low BMI 
(14 and 0.5%) groups. Only the operation time and the 
number of retrieved LNs were significantly different be-
tween the high BMI (242.5 min and 30.4) and low BMI 
(223.7 min and 32.6) groups, especially for male patients 
undergoing surgery by surgeons who had performed 40 
or fewer LAGs. The authors concluded that although high 
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BMI itself did not increase operative morbidity, a careful 
approach is required for male patients with high BMI 
when a surgeon is relatively inexperienced with LAG.

  Laparoscopic Gastrectomy for Advanced Cancer 

 As surgical experience increases, some surgeons are 
now applying laparoscopic gastrectomy with D2 LN dis-
section for patients with AGC. There have been reports 
of short-term outcomes with morbidity rates of 11.3–
15.9% and mortality rates of 0.8–2.2%, which are compa-
rable to those of open surgery  [2] .

  A recent meta-analysis, including seven case-control 
studies with 1,271 AGC patients (626 LADG and 645 
ODG), showed that LADG patients had longer operative 
time but less estimated blood loss, less analgesic require-
ment, and a shorter hospital stay compared with patients 
undergoing ODG. There were no significant differences 
between the two groups in number of LN dissections, 
postoperative mortality, overall complications, and 3-
year overall survival rate. Therefore, the authors conclud-
ed that the oncologic outcomes of LADG for AGC pa-
tients were comparable with an open approach  [45] .

  Kim and colleagues  [46]  reported the short-term out-
comes of a prospective single-arm phase II trial evaluat-
ing the feasibility of laparoscopic gastrectomy for patients 
with cT2N0–cT4aN2 gastric cancer (NCT01441336). Of 
the 157 patients enrolled, conversion to open surgery oc-
curred in 11 patients (7.0 %). The mean number of re-
trieved LNs was 52.7 for distal gastrectomy and 63.8 for 
total gastrectomy. The total complication rate was 25.5% 
as a whole, and the local and systemic complication rates 
of grade II or higher according to the Clavien-Dindo clas-
sification were 8.3 and 3.2%. One patient died of opera-
tive complications. They concluded that laparoscopic 
gastrectomy with D2 LN dissection was safe and techni-
cally feasible for the treatment of AGC, with an acceptable 
rate of morbidity and mortality.

  Along with these background data of LADG on AGC, 
another KLASS trial evaluating the efficacy of LADG 
with D2 LN dissection for cT2-T4a/cN0-N1 gastric 
cancer (KLASS-02-RCT) was launched in October 2011 
(NCT01456598). The estimated sample size is 1,050 and 
the primary endpoint is 3-year disease-free survival rate 
( fig. 2 ). As the surgical quality may become one of the 
most important issues in this clinical trial, surgeons are 
required to be standardized and qualified by participating 
in a surgical quality control trial, entitled ‘KLASS-02-QC: 
Standardization of D2 Lymphadenectomy and Surgical 

Quality Control for KLASS-02 Trial’ (NCT01283893). 
Each applicant should submit three unedited videos each 
for LADG and ODG, respectively, which are to be evalu-
ated by independent reviewers  [2] . As a result, only cer-
tified surgeons can join KLASS-02-RCT. On February 
2013, 18 surgeons at 11 institutes had been qualified, and 
316 patients out of 1,050 (30.1%) were enrolled for the last 
year.

  A Japanese group also started another multicenter 
phase II/III trial evaluating LADG with D2 LN dissection 
for cT2-T4a gastric cancer. After accrual of 180 patients, 
of which 90 are to be treated with the laparoscopic ap-
proach, the incidence of major surgical complications 
will be assessed. If an early-stopping rule because of high 
incidence of complications does not apply, the trial will 
continue accrual for a total of 500 patients to show non-
inferiority of the laparoscopic approach  [24] . These two 
Korean and Japanese clinical trials are expected to reveal 
the role of laparoscopic surgery for AGC, although the 
generalization issue will still remain.

  Laparoscopic SN Node Navigation Surgery 

 Several experimental studies have shown that SN bi-
opsy with radioisotope and/or visible dye could be feasi-
ble for EGC in open and laparoscopic surgery  [47–49] . 
However, because of unsatisfactory sensitivity and het-
erogeneity of SN biopsy among practicing surgeons, the 
concern and limitation about its clinical application still 
exists.

  A recent meta-analysis evaluating 38 studies with 
2,128 patients showed that the pooled SN identification 
rate, sensitivity, negative predictive value, and accuracy 
were 93.7, 76.9, 90.3, and 92.0%, respectively. Subgroup 
analysis showed that early T stage, combined tracers, sub-
mucosal injection method, conventional open surgery, 
and usage of immunohistochemistry were associated 
with a higher SN identification rate and sensitivity. Fo-
cusing on surgical procedure, SN identification rate, sen-
sitivity, false-negative rate, and accuracy in the laparo-
scopic group (11 studies) and open group (29 studies) 
were 89.3 vs. 95.0%, 68.6 vs. 78.3%, 31.4 vs. 21.7%, and 
92.6 vs. 91.9%, respectively  [50] .

  Therefore, considering its fatal outcome of false-nega-
tive results on SN navigation surgery for the patients with 
EGC, further studies are needed to confirm the best pro-
cedure and standard criteria, especially in laparoscopic 
surgery  [51] .
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  Robotic Surgery 

 Robot-assisted surgery is laparoscopic surgery using 
robotic instruments. Compared to the laparoscopic sur-
gery, robotic surgery may have some benefits such as 
three-dimensional imaging, increased degree of freedom, 
a steady camera platform, and the filtration of resting 
tremor. Several reports about robotic surgery for gastric 
cancer have been reported, mainly from institutes in Ko-
rea  [52, 53] . These reports suggest comparable short-term 
morbidity and oncologic outcomes compared with lapa-
roscopic gastrectomy. However, the concrete advantage 
of robotic surgery for the patient still remains elusive in 
terms of the similar number of trocars used, longer op-
eration time, negligible difference in blood loss, and much 

higher cost, even though robotic instruments may pro-
vide some benefit of dexterity which has not been proven 
scientifically  [54, 55] , especially the ultrasonic shears 
which do not articulate. Furthermore, there is an energy 
device in development with roticulating function which 
may provide an advantage in more demanding tissue dis-
section at splenic artery or splenic hilum.

  To explore the role of robotic gastrectomy for gastric 
cancer, the Korean Robot Gastrectomy Study Group of 
KLASS started in 2010 to conduct a multicenter prospec-
tive, case-matched clinical trial comparing robotic versus 
laparoscopic gastrectomy for EGC. Enrollment of 400 pa-
tients (200 in each group) was finished in 2012, and surgi-
cal complications, quality of life, immunologic response, 
and cost-effectiveness will be analyzed.

525 assigned to open surgery

• Possible subtotal gastrectomy
• Clinically no distant metastasis
• Clinically no invasion to adjacent organ
• Clinically over pm invasion
• Clinically no LN metastasis or perigastric LN metastasis

1,050 patients

525 assigned to laparoscopic surgery

Start open surgery Start laparoscopic surgery

Randomization

Drop:
Refuse trial

Nonresection

Intention to treat group

Excluded from DFS analysis:
Noncurative resection [including cy(+)]

Complete curative surgery
Full analysis set

Complete open surgery Complete laparoscopic surgery

Complete 3-year FU Complete 3-year FU

Patients for PP analysis

Safety analysis
(484 patients in safety analysis group)

  Fig. 2.  Diagram of a RCT comparing LADG 
vs. ODG for AGC (KLASS-02-RCT). pm = 
Proper muscle; FU = follow-up; PP = per 
protocol. 
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  Conclusion 

 Laparoscopic gastrectomy is a promising minimally 
invasive surgery for gastric cancer that has become popu-
lar and standardized. LADG shows better or comparable 
outcomes compared to ODG in terms of short-term re-
sults. The long-term outcome after LADG may be com-
parable to ODG in EGC, and ongoing Korean and Japa-
nese muticenter RCTs will provide more clear evidence. 
Data on LATG are still limited, and the stable laparoscop-
ic anastomosis technique is still under debate. LAPPG 
seems to be optimistic for EGC located in the middle 

third of the stomach in terms of preservation of function 
and comparable oncologic outcome.

 The clinical body of evidence concerning LADG for 
AGC is still insufficient, and the lack of generalization still 
remains an issue even after ongoing Korean multicenter 
RCTs have provided clinical evidence. Laparoscopic SN 
navigation surgery seems to be experimental and the sur-
gical procedure has yet to be standardized. Robotic gas-
trectomy is feasible for EGC in terms of similar outcome, 
but is associated with much higher cost compared to lap-
aroscopic surgery. Its benefit over the conventional lapa-
roscopic gastrectomy has not been proven.
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