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Introduction

The incidence of gastric cancer has been declining over the 
past several decades but the incidence of gastroesophageal 
junction cancer has been rising (1). Surgery is the only 
potentially curative option for gastric and gastroesophageal 
junction adenocarcinoma but the operative strategy 
of choice depends on multiple tumor-related factors. 
Moreover, the broader oncologic surgical strategy has 
also matured in recent years to optimize tumor clearance, 
pathologic staging, and postoperative functional status. 
This review aims to summarize existing strategies and 
novel options for the surgical therapy of gastric and 

gastroesophageal junction cancer.

Staging laparoscopy

Historically, diagnostic laparoscopy has been underutilized 
in the staging of gastric cancer (2). A SEER database study 
of all resected gastric cancer patients from 2004–2013 
found that only 13% (n=733/5,610) underwent staging 
laparoscopy (2). Despite this, a quarter of gastric cancer 
patients undergoing staging laparoscopy can have positive 
peritoneal cytology (3). Poor survival following primary 
tumor resection in the context of positive peritoneal 
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cytology has led most centers to abandon gastrectomy upon 
detection of malignant cells in peritoneal washings, however 
the utility of cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for this patient population is 
currently under investigation, as noted below (3). Earlier 
reports on the detection of peritoneal disease from staging 
laparoscopy summarized in a systematic review and meta-
analysis of 240 patients reported a sensitivity and specificity 
of 85% and 100%, respectively (4). A more recent report 
of 214 gastric cancer patients with known carcinomatosis 
challenged the utility of peritoneal washings at the time 
of staging laparoscopy reporting that only 77 (36%) were 
found to have malignant cells on examination of peritoneal 
cytology resulting in a sensitivity of only 64% (5). To 
clarify this discrepancy, two trials are now underway 
prospectively investigating the utility of staging laparoscopy 
with peritoneal washings in resectable locally advanced 
gastric adenocarcinoma patients (6,7). At our institution, 
in order to optimize the yield of the procedure, we utilize 
staging laparoscopy selectively at the time of gastrectomy 
for patients with poorly differentiated histology or locally 
advanced disease (≥ cT2 or clinically node-positive), 

and before initiation of any treatment for patients with 
questionable peritoneal lesions on imaging.

Selection of surgical strategy

Gastroesophageal junction cancer

For gastroesophageal junction (GEJ) tumors, the surgical 
management and overall oncologic strategy depends on 
where the tumor epicenter resides relative to the most 
proximal end of the gastric folds, as specified by the Siewert 
classification system (Figure 1) (8,9). Previously, all GEJ 
tumors were recommended to be managed similar to 
esophageal cancer. New to the 8th edition of the American 
Joint Committee on Cancer (AJCC), some type II and most 
type III GEJ tumors are now recommended to be managed 
similarly to gastric cancer (10).

Siewert type I tumors are located between 1 and  
5 cm proximal to the GEJ and are considered to have the 
biology of esophageal adenocarcinoma. Accordingly, type I 
tumors are managed with esophagectomy and mediastinal 
lymph node dissection (11,12). The most common surgical 
methods to mobilize the esophagus for esophagectomy 
include the transthoracic or transhiatal approaches (9). 
Transthoracic esophagectomy is approached from a right 
thoracotomy and laparotomy, as done for an Ivor Lewis 
or Tanner-Lewis esophagectomy, to sharply perform a 
lymphadenectomy in both the mediastinum and abdomen. 
A gastric conduit is constructed and delivered into the 
posterior mediastinum where an anastomosis is constructed 
at the level of the azygous vein. The anastomosis can be 
constructed in the neck using a left cervical incision as well, 
as is done in the McKeown or three-field approach. The 
risk for leak following the thoracic anastomosis is notably 
less than with a cervical anastomosis, however, anastomoses 
in the thorax are associated with a higher reoperation rate 
if a postoperative anastomotic leak occurs—as is the case in 
4–10% (13). Greater perioperative morbidity and mortality 
have overall been associated with thoracotomy (14,15).

The transhiatal esophagectomy is approached from 
the esophageal hiatus and a left cervical incision to 
bluntly mobilize the thoracic esophagus. This blunt 
approach enables a limited periesophageal and mediastinal 
lymphadenectomy and carries with it the risk for airway 
and vascular injury. Relative to the thoracic anastomosis, 
a cervical anastomosis is associated with a higher rate of 
anastomotic leak—12% compared to 5%—however the 
morbidity of a cervical leak is lower (13). On the other hand, 
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Figure 1 Siewert classification of gastroesophageal cancer and 
management strategy per the seventh and eighth editions of the 
AJCC TNM staging system. From Mazer and Poultsides, Surg 
Clin North Am 2019;99:457-69; with permission.
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pharyngeal reflux, nocturnal aspiration, and prolonged 
swallowing dysfunction with hoarseness postoperatively 
are attributable to the increased risk of recurrent laryngeal 
nerve damage with the transhiatal or cervical approach (16).

Another  approach for  s tage I  tumors  includes 
minimally invasive esophagogastrectomy which involves 
performing the resection using combined thoracoscopic 
and laparoscopic approaches to create the esophagogastric 
anastomosis in the chest or neck. The transhiatal approach 
is also feasible with laparoscopy. When comparing the 
minimally invasive approach to open, no difference in 
survival has been noted—however, a phase III trial is 
underway to investigate this (17).

Siewert type II GEJ tumors derive from the true gastric 
cardia and can be challenging to define and treat, especially if 
straddling multiple zones. Given the absence of high-quality 
trials designating the GEJ as its own region, consensus 
on the best surgical strategy can be lacking in many cases. 
Resection of type II GEJ tumors can be achieved by total 
gastrectomy and distal esophagectomy (with either a left 
thoracoabdominal or abdominal approach) as well as 
esophagectomy using a transhiatal or transthoracic approach.

The majority of GEJ adenocarcinoma cases are Siewert 
type III which bear the worst prognosis (18). Given the recent 
re-classification of type III GEJ tumors as gastric cancer, 
the surgical options include total gastrectomy and proximal 
gastrectomy. A historical landmark study from 1980 set the 
precedent that total gastrectomy was the preferred operation 
describing a retrospective review of 101 patients that had 
longer negative margins, more lymph nodes sampled, and 
fewer local recurrences with this procedure compared to 
proximal gastrectomy, although survival did not significantly 
differ (19). The morbidity associated with total gastrectomy 
(weight loss, anemia, failure to thrive) has led some groups to 
reopen the investigation into whether proximal gastrectomy 
could offer comparable oncologic outcomes in addition to a 
better quality of life (20,21). Patients undergoing proximal 
gastrectomy can theoretically have better functional 
outcomes due to preservation of the gastric reservoir and 
pylorus as well as intact vagal stimulation and hormone 
secretion (20). A meta-analysis of a randomized controlled 
trial and seven retrospective cohort studies pooling 1,077 
patients showed no difference in 5-year survival between 
patients undergoing total and proximal gastrectomy, 
however, recurrence risk was lower in the former. In addition, 
proximal gastrectomy patients had greater risk for morbidity 
overall as well as specifically alkaline reflux and anastomotic 
stenosis (22). Moreover, a recently published Italian multi-

center study noted that although patients undergoing 
proximal gastrectomy had shorter resection margins and 
fewer sampled lymph nodes, survival did not significantly 
differ from patients undergoing total gastrectomy (23). 
Following gastrectomy, the method of reconstruction varies 
as well ranging from gastric pull-up, Billroth II, Roux-en-Y 
reconstruction, and jejunal interposition grafts (24,25). The 
authors’ institution most commonly selects total gastrectomy 
with Roux-en-Y reconstruction for proximal gastric cancer 
(and type III GEJ adenocarcinoma).

Two key oncologic goals at the time of resection of GEJ 
tumors include obtaining long proximal negative margins and 
sufficient lymph node samples for staging. More important 
than tumor histology or surgical strategy, achieving an 
R0 resection remains the most critical factor to predict  
survival (9). Multiple retrospective studies have shown that 
achieving macroscopic clearance greater than 5–6 cm is 
associated with negative resection margins and significantly 
longer survival (26,27). Indeed, these reports found that 
patients undergoing esophagectomy obtained significantly 
longer proximal margins than those undergoing gastrectomy, 
however, more recent work found no association between 
the rate of obtaining negative margins and the use of 
esophagectomy over total gastrectomy (28). Furthermore, 
achieving longer proximal margins has not been shown to be 
associated with survival or local recurrence (29). Therefore, 
routine esophagectomy to obtain a longer proximal margin 
is not warranted. Selection of the optimal operative strategy 
should depend on the characteristics of the tumor, where its 
epicenter extends into, and the experience of the surgeon. 
After achieving negative margins, the presence of lymph 
node metastases is strongly prognostic for survival (30), 
however, the ideal number and location of lymph nodes to 
sample remains controversial. The AJCC considers 15 lymph 
nodes sufficient for pathologic staging of gastric cancer 
postoperatively, but this is not well-defined for esophageal 
or GEJ tumors. One database study reported that sampling 
21 or more lymph nodes was associated with better survival, 
however, this study was chiefly limited by the lack of data 
regarding the pathologic evaluation of the lymph nodes, their 
location, and margin status (31).

Gastric cancer

Total gastrectomy
The surgical management of gastric adenocarcinoma is also 
dependent on where the epicenter of the tumor resides, 
the extent of stomach involvement, the histologic subtype, 
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Figure 2 Surgical Options for Gastrectomy. From Stange and Weitz. Methods of Reconstruction—BI, BII, Roux-en-Y, Jejunal Interposition, 
Proximal Gastrectomy and Pouch Reconstruction. In: Strong V. editor. Gastric Cancer. Springer, Cham; with permission. 2015.

and the genomic etiology (Figure 2) (32). Total gastrectomy 
is recommended for most tumors involving at least the 
majority of the proximal stomach. Additionally, distal 
tumors spanning most of the lesser or greater curvature 
would require total gastrectomy due to the inability to 
obtain a negative proximal margin. Large or expansive 
tumors preventing resection with 4–6 cm of macroscopically 
negative margins would warrant total gastrectomy as 
well. Furthermore, signet ring cell histology can indicate 
disease prone to diffuse submucosal seeding rendering an 
R0 resection challenging without total gastrectomy (33). 
Lastly, inactivating germline mutations of the CDH1 gene, 
which expresses E-cadherin, are known to be risk factors for 
multifocal gastric cancer and thus warrant prophylactic total 
gastrectomy (34).

With the patient in supine position, an upper midline 
incision spanning the xiphoid to the umbilicus is generally 
the approach of choice. At times, a left thoracoabdominal 
incision can be performed beginning from the seventh 
intercostal space on the left anterolateral side extending 
to the upper midline when operating for a bulky cardia 
or fundus tumor that extends toward the esophagus. 
This also enables exposure of the supradiaphragmatic 
distal esophagus to the level of the inferior pulmonary 
ligament. Use of a double-lumen endotracheal tube to 
deflate the left lung for such proximal dissection is advised 
as well. Upon entry to the abdomen, a thorough search 
for metastatic disease is undertaken with attention to the 
liver, peritoneum, hepatoduodenal ligament, or root of the 
mesentery. Discovery of metastases therein would preclude 

gastrectomy. For patients with high risk or locally advanced 
tumors, this should be done with diagnostic laparoscopy. 
With the operating room bed tilted to position the patient 
in the right semi-lateral decubitus position, the left 
triangular ligament of the liver is divided to mobilize the 
left lateral segment to the right and superior with the goal 
of exposing the GEJ. The greater omentum is divided from 
the transverse colon and epiploic appendages. The right 
gastroepiploic vessels should next be taken at their origin 
from the gastroduodenal artery and gastrocolic trunk of 
the superior mesenteric vein. Short gastric vessels should 
be taken close to the spleen followed by division of the left 
gastroepiploic artery close to where it originates off the 
splenic artery. The right gastric artery is next ligated before 
the duodenum is divided, generally with a linear stapler. 
The gastrohepatic ligament can next be divided close to the 
liver with care taken not to damage a replaced or accessory 
left hepatic artery tracking through this region. The 
stomach is then retracted superiorly to aid in dissection of 
lymph nodes near the porta, hepatic artery, and celiac trunk 
by thinning structures lateral to the left hepatic artery, back 
to the celiac trunk, then posterior to the common hepatic 
artery before dividing the left gastric artery near its origin 
off the celiac trunk. The phrenoesophageal ligament is then 
divided enabling circumferential dissection of the distal 
esophagus, excision of the paracardial lymph nodes, and 
finally division of the distal esophagus. 

The preferred reconstruction method after total 
gastrectomy is a Roux-en-Y esophagojejunostomy. 
Ideally, a 40–60 cm Roux limb should be created from the 



Page 5 of 15Translational Gastroenterology and Hepatology, 2021

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2021;6:16 | http://dx.doi.org/10.21037/tgh.2020.02.06

jejunojejunostomy to minimize alkaline reflux proximal 
to the anastomosis. The esophagojejunostomy can be 
performed with a hand-sewn technique of single-layer 
interrupted or running absorbable suture. Additionally, 
an EEA circular stapler can be used where an anvil 
stapler is placed into the distal end of the esophagus and 
closed with purse-string suture over the anvil. The anvil 
can be placed using an orogastric tube delivered by the 
anesthesiologist as well. In the early postoperative period, 
the anastomosis should be kept defunctionalized (only saliva 
is permitted to pass) to allow for optimal healing. Multiple 
prospective trials (35-37), meta-analyses (38,39), and multi-
institutional studies (40) have demonstrated no benefit with 
the routine use of drains following total gastrectomy. At 
our institution, drain placement is only considered when 
extra-visceral extension involves the pancreatic capsule 
necessitating pancreatectomy for oncologic clearance. 
Feeding jejunostomy placement, however, is a common 
practice to allow for extended enteral feeding for those 
with risk factors for esophagogastric leak or preoperative 
weight loss. More recent work has raised the question 
of whether routine feeding jejunostomy tube placement 
is beneficial for all given the elevated risk for infectious 
complications without increased receipt of adjuvant therapy 
(41,42). Postoperatively, our practice has been to perform a 
fluoroscopic upper GI study by the fifth day after surgery to 
assess for an anastomotic leak before initiating oral intake.

Distal gastrectomy
For tumors amenable to distal over total gastrectomy, 
better safety and long-term functional profiles are noted 
especially for older or malnourished patients with multiple 
comorbidities (32). When wide margins (4–6 cm) can 
be obtained for tumors near the gastric outlet, distal 
gastrectomy is the operation of choice. Compared to a total 
gastrectomy, it is critical to save some short gastric vessels 
when performing a distal gastrectomy. Blood flow to the 
residual stomach can entirely depend on these short gastric 
vessels. For staging purposes, it is critical to dissect out the 
cephalad branch of the left gastric artery diverging high 
along the lesser curvature to obtain adjacent lymph nodes 
including those near the distal 2–3 cm of the esophagus.

Following resection, two common modalities for 
reconstruction are Billroth II or Roux-en-Y gastrojejunostomy. 
In most, a Billroth I is not feasible because the fixed duodenum 
cannot typically reach the gastric stump. With a Billroth 
II, the jejunal limb is brought up either antecolic to the 
transverse colon to meet the gastric stump or retrocolic 

through a defect in the transverse mesocolon. Generally, a 
proximal loop of jejunum located just beyond the ligament 
of Treitz can be brought up to form an anastomosis without 
tension or angulation. A long afferent limb—conducting 
pancreatobiliary secretions—should be avoided to reduce the 
risk of kinking or occlusion which could result in afferent loop 
syndrome. Despite best efforts, Billroth II anastomoses are 
commonly fraught with alkaline reflux gastritis. Additionally, 
malabsorption of fat-soluble vitamins can be associated 
with loss of duodenal continuity. Our practice has been to 
reconstruct with a Roux-en-Y gastrojejunostomy (RYGJ) using 
a Roux limb of 40–50 cm to reduce the risk of alkaline reflux 
(43-45). When comparing the reconstruction methods, better 
long-term outcomes have been noted with RYGJ including 
reduced bile reflux or esophagitis, better quality of life, and 
fewer abnormal findings on upper endoscopy up to 21 years 
after surgery (46-48).

Pylorus-preserving distal gastrectomy
Some centers have moved to perform the pylorus-preserving 
distal gastrectomy (PPDG) with gastro-gastrostomy noting 
the associated lower risk for bile reflux, dumping syndrome, 
gallstone formation, and weight loss (49-51). Relative to 
the classic distal gastrectomy, PPDG is technically more 
challenging given the need to preserve infrapyloric vessels 
and the hepatic branch of the vagus nerve. Preservation of 
the infrapyloric vessels, however, has raised the question of 
whether an oncologically adequate lymph node dissection 
can be achieved with PPDG (52). Given this concern and 
a report showing relatively fewer lymph nodes obtained 
from the infrapyloric and suprapyloric nodal stations with 
PPDG (53), Japanese guidelines have supported PPDG 
only for cT1N0M0 gastric cancer arising in the middle of 
the stomach when a macroscopically negative 4 cm distal 
margin could be obtained (54). To further investigate 
the utility of PPDG versus distal gastrectomy with the 
laparoscopic-assisted approach, an ongoing Korean multi-
center randomized controlled trial (KLASS-04) will 
compare postoperative outcomes for resected patients with 
T1N0 cancer arising in the middle-third of the stomach.

Proximal gastrectomy
For gastric cancer in the upper-third of the stomach, 
proximal gastrectomy can be performed to preserve the 
physiologic function of the distal stomach and pylorus. For 
patients with early gastric cancer (cT1N0M0), American 
and Japanese guidelines support proximal gastrectomy 
(54,55). Recent reports comparing outcomes of proximal 
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with total gastrectomy have noted short-term pitfalls with 
long-term benefits. Two propensity-score matched studies 
found that patients undergoing proximal gastrectomy had 
shorter operative time and similar operative bleeding as 
well as shorter resection margins and fewer lymph nodes 
retrieved (23,56). Proximal gastrectomy led to more 
incidents of reflux esophagitis and anastomotic stricture 
compared to total gastrectomy, but 5-year overall survival 
did not differ nor was the selected resection type an 
independent prognostic factor for survival on multivariate 
analysis. Moreover, higher total protein, serum albumin, 
and lean body mass could be maintained with proximal 
compared to total gastrectomy. Indeed, a meta-analysis of 
18 studies pooling over 2,000 patients with early gastric 
cancer noted shorter operative time and less intraoperative 
blood loss as well as no difference in overall survival with 
proximal gastrectomy compared to total gastrectomy (57). 
Expectedly, more cases of anastomotic stricture and reflux 
esophagitis were noted in patients undergoing proximal 
gastrectomy as well.

Several  methods for  reconstruct ion have been 
described following proximal gastrectomy including 
esophagogastrostomy, jejunal interposition, and double tract 
reconstruction. Esophagogastrostomy is the most common 
reconstruction after proximal gastrectomy, preferred by 
half of the 145 Japanese institutions questioned in one 
survey, due to its association with lower blood loss and 
faster operative time (58). Compared to esophagogastric 
end-to-end anastomosis and posterior gastric wall end-
to-side esophagogastrostomy, anterior gastric wall end-
to-side esophagogastrostomy is the method of choice 
due to its association with fewer cases of reflux, improved 
meal intake, and increased postoperative weight. The 
main pitfall of esophagogastrostomy is the associated 
increased risk for bile reflux relative to the other methods of  
reconstruction (59). A jejunal interposition is generally 
performed with a 10–20 cm jejunal limb delivered antecolic 
or retrocolic to form an end-to-side esophagojejunal 
anas tomos i s  and  an  end- to-s ide  or  s ide- to-s ide 
gastrojejunostomy with the anterior gastric wall (60). A 
25–35 cm jejunal limb can also be reversed and brought 
retrocolic to construct a U-shaped 10–15 cm jejunal 
pouch that is connected in similar fashion. Lastly, a double 
tract reconstruction involves creation of a Roux-en-Y 
esophagojejunostomy and a side-to-side gastrojejunostomy 
10 cm below with an end-to-side jejunojejunostomy  
20 cm distal to the gastrojejunostomy. The preference 
at our institution is to perform an esophagogastrostomy 

reconstruction following proximal gastrectomy. 

Extent of lymphadenectomy
A t  t h e  t i m e  o f  g a s t r e c t o m y,  a  c o m p r e h e n s i v e 
lymphadenectomy is critical for pathologic staging. 
Historically, three types of lymphadenectomy performed 
with gastrectomy have been described (Figure 3) (32). D1 
lymphadenectomy involves dissection circumferentially 
along the stomach to retrieve nodes from stations 1–6. 
D2 lymphadenectomy includes lymph nodes retrieved 
with a D1 dissection as well as retrieval of nodes along the 
celiac trunk and its branches (common hepatic artery, left 
gastric artery, and splenic artery) comprising stations 7–11. 
Finally, a D3 lymphadenectomy includes additional lymph 
nodes along the portal tract, hepatic artery, and adjacent to 
the aorta (stations 12–16). Multiple retrospective reports 
have noted an association between improved survival 
and increased number of lymph nodes retrieved in the 
gastrectomy specimen (61-65). Early trials showed less 
morbidity and mortality with D1 dissection, however 
long-term follow up has revealed better disease-specific 
survival with D2 lymphadenectomy (Table 1) (66-71).  
D2 lymphadenectomy has classically been considered the 
gold standard in Asia given remarkable long-term survival 
and perioperative mortality rate less than 1% (72). Traction 
for this procedure came slowly elsewhere in part due 
to two prospective randomized trials out of the United 
Kingdom and the Netherlands in the 1990s that did not 
show a survival advantage with performing D2 over D1 
lymphadenectomy (67,68,73,74). Perioperative mortality 
with D2 lymphadenectomy (13% and 10%) was also notably 
greater than that associated with D1 lymphadenectomy 
(6.5% and 4%), however, this was largely attributed to 
the routine use of distal pancreatectomy and splenectomy 
for D2 dissections. A more recent report from the Italian 
Gastric Cancer Study Group noted that Western surgeons 
could perform D2 dissections with acceptably low mortality 
(2.2%) (70). Moreover, Japanese surgeons have come to 
embrace pancreas-preserving D2 lymphadenectomy as 
equally effective as the pancreas-sacrificing analogues (75).  
Finally,  a recent update to the Dutch D1D2 trial 
after a median follow-up of 15 years revealed that D2 
lymphadenectomy was associated with longer disease-
specific survival compared to D1 (lower disease-related 
death rate, 37% vs. 48%, respectively) settling the debate 
in favor of D2 lymphadenectomy (69). Trials investigating 
D3 lymphadenectomy have found a survival advantage 
compared to D1 (76), however no survival benefit 



Page 7 of 15Translational Gastroenterology and Hepatology, 2021

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2021;6:16 | http://dx.doi.org/10.21037/tgh.2020.02.06

D1 Lymph nodes (perigastric)

1 Right cardiac nodes
2 Left cardiac nodes
3 Nodes along the lesser curvature
4d Lymph nodes along the short gastric 

and the left gastroepiploic vessels
4s Lymph nodes along the right 

gastroepiploic vessels
5 Suprapyloric nodes
6 Infrapyloric nodes

D2 Lymph nodes (branches 
coeliac axis)

7 Nodes along root left gastric 
arteryg

8 Nodes along common hepatic 
arteryg

9 Nodes around coeliac axis
10 Nodes at splenic hilum
11 Nodes along splenic artery

D3 Lymph nodes

12 Nodes at the hepatoduodenal ligament

13 Retropancreatic (periduodenal)nodes

14 Nodes at the root of the mesentery

15 Nodes along the middle colic vein

16 Para-aortic nodes

Figure 3 Types of lymphadenectomy for gastrectomy performed for gastric cancer by station. From Songun et al. Lancet Oncol 
2010;11:439-49, with permission.

Table 1 Surgical trials investigating outcomes following lymphadenectomy with gastrectomy

Trial name Region Years Design Findings

MRC ST01 UK 1987–1994 Randomized to D1 or D2 
lymphadenectomy 

Increased hospital morbidity and mortality with D2. No difference 
in overall survival or recurrence-free survival

DGCT trial Netherlands 1989–1993 Randomized to D1 or D2 
lymphadenectomy

Increased morbidity and mortality with D2. Decreased gastric 
cancer-related death and locoregional recurrence with D2

Taiwan trial Taiwan 1993–1999 Randomized to D1 or D3 
lymphadenectomy

Better 5-year survival with D3. No difference in recurrence risk in 
subgroup analysis of R0

JCOG 9501 Japan 1995–2001 Randomized to D2 or D3 
lymphadenectomy

No difference in morbidity and mortality. No difference in 5-year 
survival or recurrence-free survival

IGCSG-R01 Italy 1998–2006 Randomized to D1 or D2 
lymphadenectomy

No difference in morbidity and mortality. Better 5-year survival in 
subgroup analysis of patients with positive lymph nodes after D2

compared to D2 dissection (77). For adequate pathologic 
staging of gastric cancer patients, our institution follows 
the recommendation of the American Joint Committee 
on Cancer that a pancreas-sparing D2 lymphadenectomy 
should be performed with a minimum of 15 lymph nodes 
being retrieved at the time of gastrectomy (78).

Multi-visceral resection

For locally-advanced gastric cancer, oncologic clearance 
can require multi-visceral resection (MVR) to achieve 
negative margins. An early systematic review of 17 
studies and over 1,300 patients found broad ranges for 
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perioperative morbidity and mortality between 12–90% 
and 0–15%, respectively (79). While these ranges may raise 
concerns about incorporating MVR as a standard practice, 
it could represent a learning curve effect for extensive, 
challenging operations. In support of this, a 12-year 
Taiwanese study found that postoperative morbidity and 
mortality after multi-visceral resection for gastric cancer 
declined from 57% to 36% and 17% to 1%, respectively, 
when comparing outcomes from the first 4 years to the last  
8 years (80). A more recent multi-center Italian cohort study 
reported perioperative morbidity and mortality of 34% and 
4%, respectively (81). Recently, a multi-center US study 
of over 800 patients (US Gastric Cancer Collaborative) 
comparing outcomes following gastrectomy alone, MVR 
without pancreatectomy, and MVR with pancreatectomy 
f o u n d  t h a t  a l t h o u g h  p e r i o p e r a t i v e  m o r b i d i t y 
significantly increased with the extent of resection 
(45%, 60%, 59%, respectively), perioperative morality 
by 90 days did not (6%, 8%, 9%, respectively) (82).  
Five-year overall survival also significantly decreased 
with increased extent of resection (42%, 28%, 6%, 
respectively) and on multivariate analysis, only MVR with 
pancreatectomy was an independent predictor of poor 
survival. In select locally advanced gastric cancer candidates 
demonstrating disease responsive to neoadjuvant therapy, 
our practice has been to offer MVR, including en bloc 
pancreatectomy, after extensive preoperative counselling is 
offered to the patient about the aforementioned results.

Omental bursectomy

Recent interest has also prompted investigation into 
whether omental bursectomy, or removal of the peritoneal 
lining over the pancreas and the anterior plane of the 
transverse mesocolon, yields a survival benefit over 
omentectomy alone with gastrectomy. A multi-center 
Japanese randomized controlled trial notably published 
in 2018 studying over 1,200 resectable patients with 
advanced (T3–T4) but node and metastasis negative gastric 
cancer reported that those undergoing bursectomy with 
omentectomy versus omentectomy alone had no difference 
in overall survival (83). Additionally, pancreatic fistulae were 
more common among patients undergoing bursectomy than 
those undergoing omentectomy alone. Two meta-analyses 
published thereafter corroborated this finding reporting 
that bursectomy was associated with no difference in the 
number of lymph nodes harvested, the recurrence rate, 
overall survival, or disease-free survival (84,85).

Minimally Invasive Gastrectomy

Since first described by Kitano et al. in 1994 (86), multiple 
cohort studies and randomized trials have investigated 
outcomes associated with laparoscopic assisted gastrectomy 
compared to the open approach. For early gastric cancer (T1b 
or less) amenable to distal gastrectomy, most cohort studies 
have noted lower operative blood loss, less perioperative 
epidural and analgesic use, shorter length of stay, and no 
difference in or fewer postoperative complications from 
laparoscopic assisted distal gastrectomy compared to open 
distal gastrectomy (87-95). Of five randomized controlled 
trials comparing the two operations, three found the 
laparoscopic approach to be associated with less operative 
blood loss, two with decreased analgesic requirements, 
two with shorter length of stay, and three with fewer 
postoperative complications (96-100). Oncologically, four 
cohort studies found no difference in the number of lymph 
nodes retrieved with laparoscopic assisted distal gastrectomy 
compared to the open approach (87-89,92), however, three 
found fewer lymph nodes retrieved when distal gastrectomy 
was approached laparoscopically (91,93,101). Of the five 
aforementioned trials, although three found no difference 
in the number of lymph nodes retrieved (96-98), the two 
largest trials reported that the laparoscopic approach yielded 
significantly fewer lymph nodes (99,100).

Regarding the management of patients with locally 
advanced gastric cancer (T2 or greater), retrospective cohort 
studies have also identified longer associated operative time 
but less blood loss, shorter length of stay, and no difference 
in or lower complication rate from the laparoscopic 
approach compared to the open analogue (102-108).  
In terms of oncologic outcomes, overall survival and 
disease-free survival were not found to be different among 
the laparoscopic or open approaches (102,106,108-110).  
Lymph node retrieval among advanced gastric cancer 
patients undergoing laparoscopic gastrectomy has been 
reported to be similar to the open approach (103-109) 
and in fact, one study noted more lymph nodes retrieved 
laparoscopically than open (110). Higher quality reports 
comparing advanced gastric cancer patients undergoing 
laparoscopic versus open gastrectomy are limited. One 
randomized trial reported by Cai et al. in 2011 conducting a 
subgroup analysis of locally advanced gastric cancer patients 
noted that laparoscopic cases took longer but resulted in less 
operative blood loss and fewer incidents of postoperative 
pulmonary complications (111). No difference in the 
number of lymph nodes retrieved or mean overall survival 
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were found among the laparoscopically approached patients 
compared to those managed with open gastrectomy.

Two ongoing trials aim to clarify the util ity of 
laparoscopic gastrectomy over the open approach. First, the 
Japanese JCOG 0912 trial is designed as a non-inferiority 
study to compare recurrence-free survival following 
laparoscopic assisted distal gastrectomy compared to open 
distal gastrectomy for clinical stage I gastric cancer (112). 
Second, the Chinese CLASS-01 trial seeks to answer a 
similar question in a cohort of locally advanced (T2–T4a) 
gastric cancer patients by testing for non-inferiority with 
respect to 3-year disease-free survival after laparoscopic 
assisted gastrectomy versus open gastrectomy (113). 
Publication of results from these trials will inform an 
audience increasingly seeking strategies to enable patients 
to recover faster and initiate adjuvant oncologic therapy 
sooner (114). Newer reports have begun to focus on this 
outcome as more minimally invasive approaches have been 
found to be associated with faster return to oncologic 
therapy in other cancer processes (115,116).

Cytoreductive surgery and heated intraperitoneal 
chemotherapy

Nearly 40% of newly diagnosed gastric cancer patients will 
present with metastatic disease, a third of whom will have 
peritoneal metastases (117). Development of peritoneal 
lesions is a common form of treatment failure that can 
present in up to 46% of post-gastrectomy patients (118).  
The peritoneal-blood barrier prevents access to these 
lesions with conventional systemic agents used in the 
adjuvant setting prompting the need for more direct 
therapeutic strategies (119,120). Cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemotherapy 
(HIPEC) are employed to target peritoneal metastases 
across a broad spectrum of oncologic diseases, including 
gastric cancer (Figure 4) (120). The most common agents 
employed in HIPEC for gastric cancer include mitomycin 
C, 5-fluorouracil, oxaliplatin, cisplatin, or doxorubicin. 
Three randomized trials have investigated outcomes 
associated with CRS and HIPEC in gastric cancer patients. 
A Japanese multi-center randomized controlled trial 
published by Kuramoto et al. in 2009 compared outcomes in 
locally advanced gastric cancer patients with intraperitoneal 
cancer cells without overt peritoneal metastases managed 
with CRS alone versus CRS and HIPEC (cisplatin) 
versus CRS and HIPEC and extensive intraperitoneal 
lavage (121). Better 5-year overall survival and fewer 

peritoneal recurrences were noted for patients undergoing 
combined CRS, HIPEC, and extensive intraperitoneal 
lavage compared to the other arms.. A single-center trial 
published by Yang et al. in 2011 studying patients with 
gastric carcinomatosis found a significant (although only 
5 months) overall survival benefit with CRS and HIPEC 
using cisplatin and mitomycin C compared to CRS  
alone (122). Finally, a trial out of the National Institute 
of Health reported by Rudloff et al. in 2014 of patients 
with gastric carcinomatosis found that those treated with 
CRS, HIPEC (oxaliplatin), and systemic FOLFIRINOX 
had better survival (albeit 7 months) over the control arm 
treated with systemic FOLFIRINOX alone (123). The 
ongoing PERISCOPE II trial will build on this work by 
investigating whether gastric cancer patients with limited 
peritoneal dissemination and/or positive peritoneal cytology 
managed with systemic chemotherapy, gastrectomy, CRS 
and HIPEC have a survival benefit over those managed with 
palliative systemic chemotherapy alone (124). As more work 
is done investigating outcomes in gastric cancer patients 
treated for peritoneal metastases, better patient selection for 
these advanced therapies will be possible.

Conclusions

Selection of the appropriate surgical strategy depends on 
the epicenter and extent of the gastroesophageal or gastric 
cancer. Siewert class I tumors should be treated with either 
transthoracic or transhiatal esophagectomy. The former 
approach is associated with a more extensive and precise 
mediastinal nodal dissection at the expense of increased 
morbidity. However, both approaches have equivalent long-
term survival. Siewert II tumors can metastasize to both 
abdominal and mediastinal lymph nodes, so the resection 
strategy (esophagectomy or total gastrectomy with resection 
of the distal esophagus) should involve dissection of para-
cardial, lesser curvature, left gastric and lower thoracic para-
esophageal nodes. Siewert III tumors can be treated with 
either proximal or total gastrectomy. Total gastrectomy 
provides higher lymph node counts and lower rates of 
anastomotic stricture and reflux esophagitis. For early mid-
stomach tumors, the option of pylorus preservation can 
mitigate the risk for alkaline reflux following reconstruction 
after gastrectomy. Locally advanced, extensive, or 
genetically-driven gastric cancers, however, should be 
managed with total gastrectomy to offer the greatest 
oncologic benefit. Experience with minimally invasive 
options for gastrectomy and esophagectomy are expanding 
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Figure 4 Radical peritonectomy of the left upper quadrant. (A) The non-visceral view as the parietal peritoneum is stripped from the 
left diaphragm, left paracolic gutter, and the left upper abdominal wall extending to the left lower extremity of the patient. The falciform 
ligament and the attached pre-peritoneal fat is removed en bloc with the specimen. (B) The visceral view as the peritoneum is stripped. The 
arrow marks disease along the peritoneal surface. (C) Magnified appearance of peritoneal disease. (D) The left upper quadrant after radical 
peritonectomy. From Rudloff et al., J Surg Oncol 2014;110:275-84, with permission. 

and will likely become more prevalent as strategies returning 
patients sooner to their intended oncologic management are 
sought after. At the time of gastrectomy, the optimal lymph 
node dissection should include a D2 lymphadenectomy 
over D1 lymphadenectomy given recent updated reports 
describing better long-term benefit. For more extensive 
disease, select surgical candidates can benefit from multi-
visceral resection or cytoreduction with intraperitoneal 
chemotherapy. Perioperative combination chemotherapy or 
neoadjuvant chemoradiation is the mainstay of treatment 
for the majority of upfront unresectable patients.
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