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Abstract

Gastric adenocarcinoma is one of the most common causes of cancer-related deaths 
worldwide. Minimally invasive surgery used in the treatment of gastric cancer has shown to 
offer similar oncologic outcomes to standard open operations with decreased morbidity and 
better quality of life. A number of minimally invasive surgery techniques have been developed 
to surgically treat both early and locally advanced gastric cancer. These techniques include 
both endoscopic and laparoscopic resection methods, the use of which is highly dependent on 
the oncologic stage of the tumor. This manuscript is designed to review the most recent evidence 
surrounding minimally invasive surgical therapies in the treatment of gastric cancer. 

ABBREVIATIONS
 ESD: Endoscopic Submucosal Dissection; EMR: 

Endoscopic Mucosal Resection; JSGE: The Japanese Society of 
Gastroenterological Endsocopy; RCT: Randomized Control Trial

INTRODUCTION
Surgical resection is the only potentially curative therapy 

for patients who suffer from gastric cancer. The development 
of minimally invasive surgical techniques has led to decreased 
morbidity and to improve quality of life following resection [1-3]. 
The term “minimally invasive” has been applied to describe both 
endoscopic and laparoscopic surgical interventions. Endoscopic 
therapies are primarily used to treat early gastric cancer 
limited to the gastric mucosa and include endoscopic mucosal 
resection (EMR) and endoscopic submucosal dissection (ESD) 
[4,5]. Laparoscopic total or partial gastrectomies are generally 
reserved for more advanced lesions, which carry a higher risk 
for lymph node metastases. Since the first laparoscopic-assisted 
distal gastrectomy with lymph node dissection was described in 
1991, the development of new surgical technologies has led to an 
increase in the use of laparoscopy in the surgical management 
of gastric cancer [6]. It is imperative for practitioners who treat 
this disease to educate patients on the different surgical options 
that are available, especially since they have been shown to 
offer similar oncologic success with less morbidity compared to 
standard open operations

ENDOSCOPIC SURGICAL RESECTION
Endoscopic resection of early gastric cancers has been largely 

pioneered in Japan. The Japanese Society of Gastroenterological 
Endsocopy (JSGE) originally developed an early classification 

system to accurately describe early lesions that has since been re 
categorized at a consensus meeting in Paris in 2003, as detailed 
in Table 1 [7,8]. This classification system describes early gastric 
cancer by endoscopic appearance, which is beneficial when 
deciding which therapeutic intervention will most likely be 
successful. The incidence of lymph node metastasis in large series 
of early gastric cancers range from 1-3% for tumors confined to 
the mucosa and 11-20% for tumors invading the submucosa [9-
11]. Therefore, endoscopic resection is generally recommended 
for lesions confined to the mucosa, where the risk of lymph node 
metastasis is low. 

There are two prominent ways currently utilized to 
endoscopically resect early gastric cancer, EMR and ESD. EMR 
utilizes a snare technique to remove dysplastic lesions, similar to 
a colon polypectomy. There are two ways that EMR is performed, 
either utilizing suction (suck-and-cut) or a non suction (lift-and-
cut) method. Both techniques utilize a submucosal injection to 
separate the mucosal and submucosal lesions from the muscularis 
propria. Compared to surgery, EMR is widely accepted to treat 
early gastric cancers that have virtually no risk of lymph node 
metastases. The benefits of this procedure include its minimally 
invasive nature, low cost, good patient tolerance, and better 
quality to life [12]. Because larger size lesions cannot be resected 
using this technique, indications for EMR have been developed 
and are shown in Table 2 [13].

Since EMR is limited in its scope to smaller lesions, ESD was 
developed to help expand the range for lesions amenable to 
endoscopic resection. ESD utilizes flexible endoscopy to dissect 
along the submucosal space of the gastrointestinal tract (Figure 
1). Compared to EMR, ESD has the following advantages: higher 
en bloc resection rate, higher histological complete resection 
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rate, and decreased local recurrence [14]. Long term outcomes 
with ESD are excellent with reported local recurrence rates as 
low as 0.2% [15]. Although there is more flexibility and excellent 
outcomes using ESD, it is also associated with higher rates of 
perforation and longer operative times compared to EMR [16-
18]. The indications for ESD are shown in Table 3. 

In the past, lesions of the mucosa required open or 
laparoscopic resection. However, with the recent advances in 
EMR/ESD, improvement in local mucosal control via endoscopic 
interventions has yielded excellent outcomes, making larger 
surgical resections unnecessary. As these technologies continue 
to develop, the indications for endoscopic resection could expand. 

LAPAROSCOPIC RESECTION
The introduction of laparoscopy into the treatment algorithm 

for gastric cancer initially had to weigh the potential benefits 
of a faster recovery time, decreased operative blood loss, and 
lower morbidity rates against the concern for oncologic safety. 
The laparoscopic versus open debate has been studied in several 
randomized control trials (RCT) with many of these studies 
showing no difference in post-operative morbidity or mortality 
[19]. Due to low number of patients studied in these RCT, a recent 
met analysis by Vineula et al., looked at 3055 patients in 25 studies 
both randomized and nonrandomized trials to determine the 
effect of laparoscopy in the treatment of gastric cancer [20]. They 
determined that laparoscopic gastric resections were associated 
with longer operative times, decreased length in hospital stay 
and a decreased overall complication rate. The open group did 
have a higher number of lymph nodes retrieved; however, the 
proportion of nodes less than 15 was equal in both groups. Other 
studies have also shown that laparoscopic gastrectomies are 
associated with lower blood loss and no difference in oncologic 
outcomes [21]. 

As experience with the laparoscopic gastrectomy has 
increased, it has been determined that the learning curve may be 
as high as 50-60 cases. At this point, several studies have shown 
that operative times decrease, lymph node harvest increases, 
and complications decrease as surgeons get closer to these 

numbers [22,23]. Therefore, extensive laparoscopic resections 
for advanced tumors may be better performed at high volume 
centers. 

Specific patient populations have also been studied to 
determine which surgical approach would be most beneficial. 
In obese patients, laparoscopic gastrectomy has been associated 
with lower rates of wound and hernia complications [24]. 
Compared with the open approach, older patients experience a 
faster return to GI function, fewer post-operative complications 
and a shorter hospital stay [25]. As results neither obesity nor 
age should be a contraindication to a laparoscopic resection, as it 
appears both of these patient populations may in fact does better 
using a minimally invasive approach.

In addition to resecting the gastric cancer itself, it is 
important to perform an adequate lymphadenectomy. Debate 
still exists whether a D1 or D2 lymphadenectomy is most 
beneficial for patients with advanced gastric cancer. A D1 
lymphadenectomy includes nodes along the greater and lesser 
curvatures of the stomach including perigastric lymph nodes. 
A D2 lymphadenectomy also includes nodal basins along the 
left gastric, common hepatic, celiac, splenic hilum, and splenic 
artery. Proponents of a D1 lymphadenectomy will look to two 
studies: The Dutch Gastric Cancer Group Trial 711 and UK 
Medical Research Council Gastric Cancer Surgical Trial (ST01). 
Both randomized trials showed significant morbidity in the 
D2 lymphadenectomy group and no difference in mortality 
compared to the D1 lymphadenectomy group [26,27]. Both 
studies used a D2 lymphadenectomy that included a distal 
pancreatectomy and splenectomy to adequately resect lymph 
node stations 10 and 11. However, it has been shown that multi-
visceral resection has the poorest survival in gastric cancer 
patients and may have contributed to no difference [28]. Recent 
studies show improved morbidity and mortality with avoidance 
of routine splenectomy and pancreatectomy compared to 
traditional D2 lymphadenectomy [29-31]. In addition, there is a 

Table 1: Classification for Lesions Amenable to Endoscopic Resection.

Type I Lesions Polypoid

1. Type 0-Ip  Protruded, Peduculated

2. Type 0-Is  Protruded, Sessile

Type II Lesions Non-polypoid

1. Type 0-IIa  Slightly Elevated

2. Type 0-IIb  Flat

3. Type 0-IIc  Slightly Depressed

Type III Lesions Excavated

Table 2: Indications for EMR in Gastric Cancer

Indications for EMR in Gastric Cancer

1. Type I lesions <2cm

2. Type II b and c lesions < 1cm

3. Cancers that is limited to the mucosa.

Table 3: Indications for ESD in Gastric Cancer.

Indications for ESD in Gastric Cancer

1. Differentiated and Undifferentiated Tumors

2. < 3cm

3. Cancers that is limited to the mucosa.

Figure 1 Dissection along the submucosal space during ESD.



Central
Bringing Excellence in Open Access





Ward et al. (2017)
Email: marcward314@gmail.com 

JSM Gastroenterol Hepatol 5(3): 1088 (2017) 3/5

survival benefit when greater than 15 lymph nodes are harvested 
at the time of resection and the D2 is associated with a greater 
number of retrieved nodes [32,33]. As a result, we advocate for 
a laparoscopic D2 lymphadenectomy in advanced gastric cancer 
patients. Although the laparoscopic approach has been shown to 
be associated with longer operating times, it does produce less 
operative blood loss, shorter hospital stays, and quicker recovery 
to bowel function [34].

Another debate that often arises in the surgical management 
of gastric cancer concerns the optimal method of reconstruction 
[35,36]. Gastric replacements using a variety of enteric reservoirs 
have been described in an effort to improve both symptoms 
and nutrition following gastrectomy. A number of prospective 
randomized trials comparing different methods of reconstruction 
and their outcomes have been completed [37-39]. Several trials 
have shown a strong clinical benefit, both in the short and long 
term, for patients who receive a Hunt-Lawrence or Roux-en-Y 
esophago-jejunal pouch [40,41]. This type of reconstruction is 
associated with greater weight recovery, increased food intake 
post-operatively, and a decreased incidence of dumping syndrome 
compared to patients with jejunal pouches [37,40,42]. These 
studies show us that Hunt-Lawrence pouches improve quality of 
life post-operatively following a total gastrectomy. The technique 
on how to do this laparoscopically has been demonstrated (Figure 
2) [43]. 

ROBOTIC RESECTION
Due to the steep learning curve that may be associated with 

the laparoscopic gastrectomy, some surgeons advocate for the 
use of robotics to make the operation technically easier [44]. 
Proponents of robotic surgery in the treatment of gastric cancer 
state that the 2-D visualization, restricted range of motion, 
physiologic tremor and decreased tactile sensation hinder the 
performance of laparoscopy [45]. Some argue that robotics is 
a better approach for patients with larger BMI in a variety of 
procedures [46,47]. One study by Lee et al., showed that a robotic 
approach in patients with high BMI was associated with less blood 
loss and consistency of a quality D2 lymphadenectomy compared 
to laparoscopy [48]. The learning curve for robotic gastrectomy 
has been shown to be around 20 cases, which is significantly less 
than that for laparoscopy [49]. Robotics may be a good alternative 
to laparoscopic gastrectomy in low volume centers. 

FUTURE DIRECTIONS
Several modifications to the standard total gastrectomy 

have been created, including the introduction of endoscopic and 
laparoscopic techniques, in an attempt to minimize morbidity 
and improve quality of life postoperatively. The sentinel node 
concept, which involves the identification and surgical removal 
of the first lymph nodes to receive drainage from the primary 
tumor, is the standard of care in a number of different tumors, 
most notably melanoma and breast cancer [50-53]. If the sentinel 
nodes are negative for tumor, often patients are spared the 
increased morbidity of additional surgery. In Japan, the sentinel 
node concept is being applied for early gastric cancer [54,55]. The 
detection of sentinel nodes range in early studies from 93.5% to 
100% and the diagnostic accuracy of the sentinel node biopsy at 
predicting regional lymph node status ranged from 85% to 100%. 
Large scale clinical trials have been completed, which shows a 
false negative rate of 7% and a sensitivity of detecting metastases 
based on sentinel lymph nodes of 93% [56]. Laparoscopic 
detection of sentinel nodes has been described using a 
combination of a radiotracer and blue dye [57]. The adoption 
of sentinel node concept to gastric cancer has the possibility of 
limiting the extent of the gastric resection as well as the need for 
a large lymph node dissection [58-60]. Although initial data is 
promising, further validation of the sentinel lymph node concept 
needs to be completed. The combination of both laparoscopy and 
accurate navigation of gastric sentinel nodes has the promise of 
improving long term quality of life in patients with gastric cancer. 

CONCLUSION
Minimally invasive approaches to gastric cancer are constantly 

evolving. The introduction of endoscopic techniques has obviated 
the need for large scale surgical resections in patients with early 
gastric cancer limited to the mucosa. Although the learning 
curve is steep, laparoscopic gastric resection is preferred as it 
has similar oncologic benefit with significantly less morbidity. It 
is important for surgeons who treat gastric cancer to be abreast 
on these techniques in order to maximize short and long term 
quality of life in these patients throughout the post-operative 
phase. 
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