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Surgical considerations and outcomes of minimally invasive 
approaches for gastric cancer resection
Cecilia T. Ong, MD ; Jason L. Schwarz, MD ; and Kevin K. Roggin, MD

Despite high mortality rates from gastric cancer, surgical management remains critical for curative potential. Optimal outcomes of gastric 

cancer resection depend on a multitude of variables, including the extent of resection, scope of lymphadenectomy, method of reconstruc-

tion, and potential for a minimally invasive approach. Laparoscopic gastrectomy, compared with open gastrectomy, has been analyzed in 

numerous randomized control trials. Generally, those trials demonstrated statistically similar postoperative complication rates, mortality, 

and oncologic outcomes between the two approaches. Although laparoscopic gastrectomy requires longer operative times, significant 

improvements in estimated blood loss, postoperative length of stay, and return of bowel function have been noted in patients who undergo 

laparoscopic gastrectomy. These short- term benefits, along with equivalent oncologic results, have influenced national guidelines in both 

Eastern and Western countries to recommend laparoscopy, especially for early stage disease. Although robotic gastrectomy has not been 

as widely validated in effective trials, studies have reported equivalent oncologic outcomes and similar or improved postoperative compli-

cation and recovery rates after robotic gastrectomy compared with open gastrectomy. Comparing the two minimally invasive gastrectomy 

approaches, robotic surgery was associated with improved estimated blood loss, incidence of pancreatic sequela, and lymph node har-

vests in some studies, whereas laparoscopy resulted in lower operative times and hospital costs. Ultimately, when applying outcomes from 

the literature to clinical patient care decisions, it is imperative to recognize these studies’ range of inclusion criteria, delineating between 

patients originating from Eastern or Western countries, the use of neoadjuvant chemotherapy, the volume of surgeon experience, and the 

extent of gastrectomy, among others. Cancer 2022;0:1-9. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of 

American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 

License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no 

modifications or adaptations are made. 
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INTRODUCTION
Gastric cancer (GC) represents one of the leading causes of cancer- related deaths worldwide. According to the most recent 
estimates from the American Cancer Society, approximately 26,000 patients are diagnosed with GC annually in the United 
States, and greater than 10,000 will die of their disease.1 Although the prognosis for patients with GC has improved with 
advances in multimodal therapy, the high mortality rate reflects aggressive disease biology, high rates of advanced disease at 
diagnosis, and evolving patterns of presentation.

Complete surgical resection provides the best chance for long- term survival from GC. Here, we focus on technical 
considerations for GC resections and compare outcomes between open versus minimally invasive approaches.

SURGICAL CONSIDERATIONS
There are numerous surgical considerations to be made in the management of GC. The approach to the oncologic re-
section of GCs has undergone much evolution, independent of the application of minimally invasive techniques. Most 
notably, considerations involve the optimal approach to the type of gastric resection, the extent of lymphadenectomy, and 
the method of reconstruction. Additional considerations beyond the scope of this article include the need for prophylactic 
cholecystectomy, the contribution of neoadjuvant chemotherapy (NAC), and the role of intraperitoneal chemotherapy.

Extent of gastrectomy
Gastrectomy is the most widely used therapeutic approach for invasive GC that cannot be endoscopically resected. Total gas-
trectomy (TG) is usually performed for lesions in the proximal stomach because of the lower incidence of reflux esophagitis 
with Roux- en- Y esophagojejunostomy and higher lymph node sampling of the perigastric nodes along the lesser curvature of 
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the stomach.2,3 However, proximal gastrectomy has gained 
popularity, especially in the Eastern literature, as a method 
to preserve gastric function and nutritional status without 
compromising oncologic outcomes or morbidity.4– 7 Distal 
subtotal gastrectomy is considered sufficient for lesions in 
the distal two thirds of the stomach. Randomized trials have 
not demonstrated an additional survival benefit for TG 
compared with distal gastrectomy (DG) in patients who 
have distal tumors with adequate margins of resection, but 
subtotal gastrectomy has conferred improved nutritional 
status and quality of life.8,9 According to the most recent 
National Comprehensive Cancer Network guidelines, for 
T1b– T3 lesions, an adequate resection to achieve negative 
microscopic margins should be performed, whereas T4b 
lesions may require en- bloc resection of involved struc-
tures. Minimally invasive approaches can be considered for 
early and locally advanced disease based on Eastern and 
Western guidelines.10 However, these approaches are not 
generally recommended for T4b or N2 disease with bulky 
adenopathy.

Lymphadenectomy
The extent of lymphadenectomy had been a point of diver-
gence between Eastern and Western recommendations, but 
recent literature has seen a convergence in philosophies. 
Gastrectomy with D2 lymphadenectomy had been the 
standard approach in East Asia following the Japanese ex-
perience and could involve en- bloc resection of the spleen 
and distal pancreas,11,12 but more recent data have argued 
for de- escalation of this approach in favor of a modified D2 
(D1+) lymphadenectomy.13 In Western countries, based 
on randomized controlled trials (RCTs) from the Dutch 
group and the Medical Research Council, D2 dissection 
was beneficial for staging and locoregional recurrence rates 
but demonstrated an equivocal benefit to survival.14– 16 
However, those studies have since been cited for being un-
derpowered to demonstrate the survival advantage of D2 
lymphadenectomy. The Dutch study was also criticized 
for its higher incidence of morbidity and questions about 
the quality of the D2 dissection. An update of the Dutch 
study demonstrated a lower rate of cancer- related death 
among the D2 group14 and that, despite noncompliance 
with the standards of D2 lymphadenectomy described by 
the Japanese guidelines, D2 lymphadenectomy still yielded 
a survival advantage.17 Similarly, the most recent Cochrane 
meta- analysis demonstrated a difference in disease- specific 
survival favoring D2 dissection.18 Thus, modified D2 
(D1+) lymphadenectomy to include perigastric, right and 
left gastric, common hepatic, celiac, and splenic stations 
with sampling of ≥16 nodes has been implemented as 

part of the Eastern and Western guidelines. D3 lymphad-
enectomy of para- aortic lymph nodes has not been shown 
to have a survival benefit, and most studies indicate that 
it is associated with greater perioperative morbidity and 
mortality.19,20

Anastomotic technique
Stapled anastomoses are common in both open and mini-
mally invasive approaches. Linear staplers may be used to 
create gastrojejunostomies, esophagojejunostomies (EJs), 
or jejunojejunostomies. A transoral anvil device may also 
be used to create an end- to- end EJ anastomosis after a 
TG. Hand- sewn anastomoses are infrequent among lap-
aroscopic resections, but the hand- sewn technique is fa-
cilitated by the wristed motion of the robotic approach. A 
randomized trial of 311 patients undergoing robotic versus 
open hand- sewn anastomoses demonstrated similar rates 
anastomotic leak, postoperative bleeding, and surgical site 
infection between the two approaches.21

Reconstruction
The three usual methods of reconstruction are Billroth I 
(gastroduodenostomy), Billroth II (loop gastrojejunos-
tomy), and Roux- en- Y gastrojejunostomy. Billroth I is 
more common among studies performed in Eastern coun-
tries,22,23 whereas the latter two methods are more common 
in the West.24,25 This is likely reflective of more advanced 
disease, diffuse histology, and proximal location of primary 
disease seen in the West, which require more extensive re-
sections that render the Billroth I anastomosis infeasible. 
Proximal gastrectomy yields the possibility of a double- tract 
reconstruction. In addition to a standard Roux- en- Y EJ 
reconstruction, the gastric remnant is anastomosed to the 
same Roux limb at a point between the EJ and the jeju-
nojejunostomy. It has been demonstrated that this recon-
struction prevents reflux esophagitis and improves quality 
of life without sacrificing oncologic outcomes.26

SURGICAL APPROACHES
When reviewing the literature on GC resections, the vari-
ability of inclusion criteria, such as extent of gastrectomy 
and exposure to NAC, must be considered when drawing 
conclusions across studies. As noted above, studies origi-
nating from East Asia versus Western countries often differ 
because patients in the East are diagnosed earlier, present 
with more distal tumors, and have a lower body mass 
index.27,28

In addition to numerous retrospective single- 
institution and multi- institution studies analyzing mini-
mally invasive gastrectomy (MIG) versus open gastrectomy 
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(OG), a few RCTs have been completed. As surgeons be-
come more proficient with MIG, the surgical techniques, 
extent of gastrectomy, and complexity of patients selected 
for operations have evolved.

Laparoscopic versus open surgery
Laparoscopic gastrectomy (LG) showed early promise with 
short- term outcomes, and the 2014 Japanese national 
guidelines recommended the laparoscopic approach for 
DG in early stage cancer.29 More recently, long- term onco-
logic outcomes have also pointed toward the efficacy of the 
laparoscopic approach. A summary of the pertinent studies 
is provided in Table 1.22,27,28,30– 39

ISuor ricgl fusicfmca

Certain intraoperative variables, such as operating room 
(OR) time and estimated blood loss (EBL), are often ex-
amined given their potential impact on postoperative re-
covery. Regardless of the extent of gastrectomy or whether 
patients have received NAC, studies have consistently 
demonstrated that LG results in longer OR times com-
pared with OG, with one meta- analysis reporting an av-
erage 60- minute difference between the approaches.40 
However, laparoscopic magnification of the surgical field 
can assist in minimizing EBL compared with open surgery. 
Decreased EBL was demonstrated to be statistically sig-
nificant in RCTs evaluating laparoscopic DG (LDG) and 
laparoscopic TG relative to their open counterparts.30,35,39 
This finding persists for locally advanced disease, in which 
dissection of difficult surgical planes can cause more blood 
loss.32,36 Notably, those studies excluded patients who re-
ceived NAC, which can obscure surgical planes and in-
crease intraoperative bleeding. Studies incorporating NAC 
indeed found equivalent EBL between laparoscopic and 
open approaches for both DG and TG.27,38 In summary, 
LG can minimize blood loss compared with OG, although 
this advantage may be negated by the effects of NAC.

Postoperative complication rates are statistically sim-
ilar between LG and OG cohorts, although some studies 
have reported improvements for certain complications 
after LG. The Korean Laparoendoscopic Gastrointestinal 
Surgery Study 01 (KLASS 01; Clinc alTri als.gov identi-
fier NCT00452751)30 evaluated LDG versus open DG 
(ODG) among treatment- naive patients who had early 
stage GC. Those investigators recorded lower rates of over-
all complications (13% vs. 20%; p  =  .001) and wound 
issues (3.1% vs. 7.7%; p < .001) after LDG. Numerous 
other trials and reviews have demonstrated similar, if not 
improved, rates of intra- abdominal bleeding and intra- 
abdominal infections in those who underwent LDG versus 

ODG.27,32,35,36,39– 41 This improvement in perioperative 
morbidity after the laparoscopic approach was preserved 
in one randomized trial analyzing patients with locally ad-
vanced disease who received NAC.38

Gastrointestinal function, including delayed gastric 
emptying and anastomotic stricture, was also evaluated 
in RCTs that revealed no significant differences between 
surgical approaches.32,35,36,39 The ongoing KLASS 04 trial 
comparing pylorus- preserving LG with LDG may shed 
more light on this issue.42 The need for reoperation and 
readmission to the hospital has lacked statistical difference 
across studies.32,35,36

Pancreatic complications, including pancreatitis and 
postoperative pancreatic fistula (POPF), also contrib-
ute to postgastrectomy morbidity and may be secondary 
to disruption of pancreatic blood flow, pancreatic injury 
from adjacent lymphadenectomy, and thermal trauma.43 A 
meta- analysis by Guerra et al.43 accumulated results from 
six RCTs and 14 non- RCTs in which preoperative vari-
ables known to affect pancreatic morbidity were balanced 
between cohorts. Those authors documented composite 
pancreatic morbidity in 1.24% of patients after MIG (pre-
dominantly LG) versus a 0.91% rate after OG. Although 
this difference was not statistically significant, LG was 
associated with higher rates of acute pancreatitis alone 
(odds ratio, 2.69; p = .03). Nonetheless, the incidence of 
pancreatic complications is limited, and laparoscopy does 
not cause a clinically significant increase in pancreatic 
morbidity.

Postoperative mortality rates are similarly low, often 
<1%, across RCT LG and OG cohorts. Reviews of the 
National Cancer Database (NCDB) reported lower rates 
of 30- day and 90- day mortality for patients undergoing 
MIG versus OG.44,45 One of those studies45 demonstrated 
a persistent mortality benefit after MIG using propensity- 
matching analysis. However, Farrow et al.44 did not adjust 
for the overrepresentation of early stage cancer in the min-
imally invasive surgery group, and these results should be 
interpreted with caution.

Although many complications are similar between 
LG and OG, metrics of postoperative recovery favor the 
laparoscopic approach. Pain control and the time to re-
sumption of bowel function were improved among those 
undergoing LDG relative to ODG,32,35,38,40 includ-
ing in the KLASS 02 trial (Clinc alTri als.gov identifier 
NCT01283893),36 for locally advanced disease. However, 
this quickened gastrointestinal recovery has not been re-
produced after TG.27,39 Finally, numerous RCTs reported 
that the hospital length of stay (LOS) was statistically 
shorter after LDG versus ODG. For example, patients in 
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the KLASS 01 trial experienced an LOS of 7.1 days after 
LDG versus 7.9 days after ODG (p < .001).30 LOS results 
for TG have been statistically equivalent between surgical 
approaches.27,39 The laparoscopic approach appears to be 
especially beneficial for postoperative recovery in patients 
undergoing DG for cancer, whereas recovery after TG is at 
least comparable between surgical approaches.

Oaicflf ric fusicfmca

The application of LG became more widely accepted 
once equivalent oncologic outcomes were demonstrated. 
RCTs have demonstrated statistically comparable margin- 
negative resection rates and lymph node harvests between 
these surgical approaches, including among patients who 
underwent TG and received NAC.27,35,36 A meta- analysis 
of five East Asian RCTs reviewed operations for locally 
advanced GC in which all patients underwent D2 lym-
phadenectomy.41 Those investigators demonstrated that 
equivalent numbers of lymph nodes were harvested using 
the LG and OG approaches.

Given its association with improved survival rates, re-
ceipt of adjuvant chemotherapy after adequate oncologic 
resection has become a metric by which to judge surgical 
appropriateness.46,47 In large RCTs from Korea (KLASS 
01 and KLASS 02)31,37 and China (CLASS- 01; Clinc 
alTri als.gov identifier NCT01609309),34 the proportion 
of patients receiving adjuvant chemotherapy was statisti-
cally similar between the LG and OG cohorts. Although 
only 10% of patients in the KLASS 01 trial31 received 
adjuvant chemotherapy across both surgical cohorts, 
this reflected early stage disease in the study population. 
Adjuvant treatment rates rose to 60% for each cohort in 
the KLASS 02 trial37 for locally advanced disease. From a 
Western perspective, the review of the NCDB by Farrow 
et al.44 demonstrated no difference in the receipt of adju-
vant chemotherapy for patients who underwent MIG ver-
sus OG (odds ratio, 1.03; p = .50). Importantly, although 
some studies reported no impact of surgical approach on 
the time from surgery to adjuvant chemotherapy induc-
tion,31,38 Li et al.,38 whose patients had received NAC, 
observed that those who underwent LG were able to com-
plete more cycles of adjuvant chemotherapy (odds ratio, 
4.39; p = .003) and had improved tolerance of the regimen 
(22% vs. 42% termination; p = .04) compared with those 
who underwent OG.

In the KLASS 01 trial,31 disease recurrence rates were 
similar between the two cohorts (LDG vs. ODG, 5.6% vs. 
4.8%; p = .49), a finding also reflected in the CLASS- 0133 
trial (LDG vs. ODG, 18.3% vs. 16.3%; p  =  .35) and 
the KLASS 0237 trial (LDG vs. ODG, 15.4% vs. 14.9%; 

p = .78) for locally advanced cancer. Furthermore, LG was 
not inferior to OG in terms of recurrence- free survival or 
disease- free survival (DFS) at 3 years and 5 years postoper-
atively. This was corroborated by a meta- analysis combin-
ing 5- year DFS results from RCTs for DG (hazard ratio, 
0.99).40

Similarly, overall survival (OS) was consistently non-
inferior in patients who underwent LG versus OG. In the 
Japan Clinical Oncology Group (JCOG) 0912 trial,28 
which evaluated DG for early stage GC, 5- year OS rate 
was as high as 97% in the LDG group (vs. 95.2% in the 
OG group); whereas, in the CLASS- 01 trial for locally ad-
vanced GC, the rate dropped to 73% in the LDG group 
(vs. 76.3% the OG group).34 Because the RCTs that in-
cluded patients who underwent TG and received NAC 
are more recent, significant long- term data are sparse. In 
the Western experience, a propensity- matched NCDB re-
view demonstrated a slight improvement in the 5- year OS 
rate for patients who underwent MIG compared with OG 
(51.9% vs. 47.7%; p < .001).45 However, an RCT of TG 
from the Netherlands, in which all patients received NAC, 
reported 1- year OS rates that were statistically equivalent 
between the LG and OG groups (86% vs. 90%, respec-
tively; p = .70).27

Robotic versus open surgery
The robotic experience in foregut surgery is nascent rela-
tive to the laparoscopic experience. Therefore, availability 
and quality of data are more limited.

ISuor ricgl fusicfmca

Intraoperative results from robotic GC resections echo 
those from other surgical disciplines that report longer OR 
times and decreased EBL for robotic gastrectomy (RG) 
cases compared with OG cases.48 In a meta- analysis of 11 
RG versus OG retrospective studies, Chen et al.49 dem-
onstrated a mean difference that was 83 minutes longer 
for RG compared with OG (p = .01). A Chinese RCT,21 
which included both DG and TG, likewise reported longer 
OR times in the robotic cohort (243 vs. 192 minutes; 
p  =  .002). Multiple studies reported significantly lower 
EBL for robotic cases, although none of those studies in-
cluded patients who had received NAC.21,40,49,50

Postoperative complication rates have demonstrated 
statistical equivalence or have favored robotic opera-
tions. Although the RCT by Wang et al.21 and the meta- 
analysis by Caruso et al.50 showed no statistical difference 
in overall morbidity, another meta- analysis reported a 
lower likelihood with RG (odds ratio, 0.57; p =  .025).49 
Conflicting results were also demonstrated in two Western 
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single- institution studies that included patients who had 
previously received NAC.51,52

Results are similarly mixed for postoperative mor-
tality; however, overall, RG appears to be noninferior to 
OG.49,50 Authors of national database analyses concluded 
that MIG was associated with improved rates of 30- day53 
and 90- day mortality,44 but the proportion of MIG cases 
that were performed robotically is unclear.

RG has routinely been associated with quicker post-
operative recovery. Although the propensity- matched 
study from Solaini et al.51 reported statistically similar 
rates of recovery, Wang et al.21 reported faster times to 
first flatus (RG vs. OG, 2.6 vs. 3.1 days; p =  .03) and 
shorter LOS (RG vs. OG, 5.7 vs. 6.5 days; p = .02) for 
the robotic group. These findings were corroborated in 
meta- analyses.49,50

Oaicflf ric fusicfmca

It has been demonstrated that the limited data available on 
oncologic outcomes from RGs are statistically comparable 
to the data from OGs. Lymph node harvests were similar 
between RG and OG in multiple studies,49– 51 including 
the RCT by Wang et al.,21 who separately analyzed DG 
and TG.

Recurrence rates are infrequently reported, but a 
propensity- matched Western study demonstrated simi-
lar 5- year DFS rates as well as comparable 1- year (RG 
vs. OG, 96% vs. 97%), 3- year (RG vs. OG, 80% vs. 
87%), and 5- year (RG vs. OG, 73% vs. 78%) OS rates 
(p = .70).51 These rates were echoed by another Western 
institutional review.52 Although margin- negative resec-
tion rates were rarely reported, this outcome was associ-
ated with surgical approach in the meta- analysis by Chen 
et al.,49 who noted that negative margins were six times 
more likely with RG compared with OG (odds ratio, 
6.26; p = .00).

Robotic versus laparoscopic surgery
As minimally invasive surgery becomes more common-
place, randomized studies evaluating RG frequently use 
LG as a benchmark comparison because benefits have al-
ready been demonstrated with MIG over OG. Although 
many meta- analyses and reviews have been performed, the 
RCTs completed are still small and are restricted to one 
or two surgical centers, indicating a need for more high- 
impact trials.

ISuor ricgl fusicfmca

Studies of various types have found that RG is associ-
ated with longer OR time compared with LG.52,54– 58 In 

a single- center RCT evaluating patients who underwent 
only DG for early stage and locally advanced cancer, Lu 
et al.54 reported longer OR times for the RG cohort (201 
vs. 182 minutes; p < .001). This difference persisted in 
another RCT by Ojima et al.,55 who analyzed patients 
from two institutions undergoing either TG or DG (RG 
vs. LG, 297 vs. 245 minutes; p  =  .001). The robotic 
approach was also associated with smaller volumes of 
EBL,54,57 but some studies that included robotic TG in-
dicated that EBL was statistically equivalent between the 
two approaches.55,56

A heterogenous pattern of postoperative morbid-
ity rates has been depicted among these studies, but the 
robotic approach was noninferior compared with lapa-
roscopy. Lu et al.54 recorded significantly lower rates of 
overall complications for RG (9.2% vs. 17.6%; p = .04), 
which were attributed specifically to the lower inci-
dence of postoperative pneumonia in the robotic cohort. 
Ojima et al.55 documented lower rates of 90- day severe 
complications for their robotic group (RG vs. LG, 5.3% 
vs. 16.2%; p  =  .01) but noted that the rates of intra- 
abdominal infections from anastomotic leak or abscess 
were equivalent between the groups. The meta- analysis 
by Guerrini et al.57 indicated similar overall complica-
tion rates but reported a lower likelihood of severe sur-
gical complications with RG compared with LG (odds 
ratio, 0.66; p = .005).

RG has also been associated with favorable rates of 
pancreatic sequela in some studies. In their RCT, Ojima 
et al.55 found similarly low rates of POPF in both the RG 
and LG cohorts (0% vs. 1.7%, respectively; p  =  .50). 
Conversely, a meta- analysis by Jin et al.,56 who ana-
lyzed pooled results from 30 comparative studies, and 
the RCT from Lu et al.54 reported a correlation between 
RG and lower incidence of pancreatic morbidity (odds 
ratio, 0.376; p = .03). Guerra et al.,59 focusing on pan-
creatic complications as the primary outcome, found 
statistically similar rates of overall pancreas- related com-
plications, acute pancreatitis, and POPF between the RG 
and LG groups. But those authors emphasized that, even 
with equivalent rates, the robotic approach may prove 
advantageous in minimizing postoperative pancreatic 
pathology because patients in their robotic cohort had 
a significantly higher body mass index and underwent 
more extensive lymph node dissection, both of which 
are risk factors for developing POPF that could have 
increased the relative incidence of complications among 
patients in the robotic cohort.

Statistically similar rates of delayed gastric emptying, 
anastomotic stricture, reoperation, and readmission have 
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been reported after RG and LG in a few studies.54,56,58 
Likewise, mortality rates after the operations were similar 
throughout many studies.54– 57,60

One meaningful benefit demonstrated of both 
RG and LG over OG is the quicker recovery time, but 
no appreciable gap between the two minimally inva-
sive approaches has been shown. Patients undergoing 
RG tended to have statistically quicker bowel function 
after surgery,55,56 but the clinical impact of this dif-
ference, which was only 0.3 days in the RCT from Lu  
et al.,54 is likely negligible. Postoperative LOS was equiv-
alent for both approaches throughout a multitude of 
studies.54– 58,60

Oaicflf ric fusicfmca

Rates of both margin- negative resection and receipt of 
adjuvant therapy have been statistically similar.54,55,58,60 
Lymph node harvest is used as an outcome in many 
studies because the three- dimensional visualization and 
wristed articulation with the robotic approach should 
allow for easier dissection of anatomically challenging 
nodal basins compared with laparoscopy.21 Although 
two meta- analyses did portray a larger nodal yield as sig-
nificantly associated with RG, the mean difference was 
only two more lymph nodes after RG versus LG.56,57 
Other studies, including RCTs, showed equivalent 
lymph node yields between groups.54,55 However, focus-
ing on certain lymph node regions, Lu et al.54 noted a 
higher number of dissected extraperigastric nodes for 
the robotic cohort (17.6 vs. 15.8 lymph nodes; p = .02), 
whereas a propensity- matched study recorded more su-
prapancreatic lymph nodes harvested after RG (12.4 vs. 
11.7 lymph nodes; p = .048).58

Greater lymph node harvest has not yet translated 
into improved long- term outcomes for RG compared 
with LG. Recurrence rates, recurrence- free survival, and 
OS have been shown to be statistically equivalent in meta- 
analyses from Guerrini et al.57 and Jin et al.56 as well as in 
the propensity- matched study from Shin et al.58 Notably, 
the NCDB review by Hendriksen et al.,45 which demon-
strated improved 5- year OS rates for MIG compared with 
OG, found no OS difference on propensity matching of 
the robotic and laparoscopic techniques.

Conversion rates
Conversion of minimally invasive to open surgery is a key 
variable to evaluate when considering the selection of LG 
or RG. Cases requiring conversion have been shown in sur-
gical fields, including gastrectomy, to be associated with 
worse outcomes.61– 63 For example, LOS was significantly 

longer for patients who had LG converted to OG com-
pared with those who remained laparoscopic (8.7 vs. 
7.6 days; p =  .02).62 Whereas meta- analyses have quoted 
similar conversion rates between robotic and laparoscopic 
cohorts,56,57 single- institution reviews have reported that 
RG was associated with significantly lower conversion 
rates.52,58 Overall, the available data hint that the robotic 
approach may curb conversion rates, but more convincing 
results are required.

Notably, the actual conversion rates of these two 
retrospective studies varied drastically. Shin et al.,58 who 
analyzed early stage cancers, documented rates of 0% 
(RG) and 0.2% (LG), whereas Nakauchi et al.,52 who 
included Western patients who had received NAC, re-
ported conversions in 26% and 40% of RG and LG 
cases, respectively (p =  .01). Conversion rates from the 
large laparoscopic RCTs performed for early stage can-
cer were often below 4%.30,35 Evidently, this clinically 
meaningful variation in the conversion rate between the 
studies themselves highlights the importance of patient 
selection as well as surgeon experience when considering 
MIG.

Cost analysis
Perioperative costs are partially attributable to operative 
times and surgical equipment, leading to a higher cost at-
tributed to minimally invasive approaches. A national da-
tabase review from Park et al.53 reported a $4700 higher 
hospital cost for MIG compared with OG, whereas other 
studies have indicated that cost increases are more likely 
associated with RG compared with LG. For example, Lu 
et al.54 documented total hospital costs of $13,423 for 
RG compared with $10,165 for LG (p < .001); but Jin et 
al.56 calculated a mean difference of $19,141 in periop-
erative costs between RG and LG. However, as surgeon 
experience with minimally invasive approaches increases 
(discussed below), coupled with decreased hospital LOS, 
it is foreseeable that the cost comparison between different 
approaches may become more level.

Surgical learning curve
A surgeon’s experience with the technical aspects of an 
operation can wield substantial influence on operative 
outcomes. Studies have identified phases of a surgeon’s 
learning for both RG and LG based on changes in OR 
time, EBL, and complication rates after performing 
a discrete number of cases. Kim et al.64 evaluated sur-
geons who had completed at least 60 RGs and identified 
four phases in the learning arc for RG: initial learning  
(1– 25 cases), proficiency (26– 65 cases), transitional 
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(66– 86 cases), and mastery (≥89 cases). As surgeons 
reached the proficiency phase, they began performing 
more complex cases on higher risk patients, leading to 
a transient uptick in complications before mastering 
the procedure. Therefore, recognizing the difference in 
the participating surgeons’ experience between stud-
ies (KLASS 0122 surgeons had performed ≥50 LDGs, 
JCOG 091228 surgeons had performed ≥30 ODGs or 
LDGs, and surgeons in the RCT by Lu et al.54 had per-
formed ≥300 LGs and ≥ 50 RGs) is essential for deter-
mining the possible influence on outcomes.

CONCLUSION
Surgical management of GC involves numerous variables 
that affect patients’ surgical and oncologic outcomes. 
Here, we have underscored the role of the extent of re-
section, the scope of lymphadenectomy, the method of 
reconstruction, and the potential for a minimally invasive 
operative approach. Although current literature suggests 
some benefits in postoperative recovery using minimally 
invasive approaches compared with OG, long- term onco-
logic outcomes often remain similar no matter the tech-
nique used. Ultimately, when applying outcomes from the 
literature to clinical patient care decisions, it is imperative 
to recognize the studies’ variability in inclusion criteria 
that span patients originating from Eastern or Western 
countries, the use of NAC, the volume of surgeon experi-
ence, and the extent of gastrectomy, among others.
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