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ing the removal of the para-aortic nodes to a D2 dissection 
does not further improve survival. The removal of lymph 
node stations 10 and 11 by splenectomy showed an in-
creased morbidity, no survival benefit, and a very poor prog-
nosis if lymph nodes were affected. Therefore, pancreatico-
splenectomy should only be performed in cases of tumor 
invasion into these organs. A D2 dissection without routine 
splenectomy and pancreatic tail resection in experienced 
hands should be considered standard of care for advanced 
resectable gastric cancer, both in Asian and in Western pa-
tients. Centralization and auditing may further improve out-
comes after gastrectomy.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Gastric cancer is the second most frequent cause of 
cancer death worldwide, affecting approximately one 
million new individuals each year  [1] . Incidence rates 
vary between countries, with the highest incidence rates 
in Japan, Korea, and South America, and the lowest 
rates in Europe, North America, and South and West 
Asia  [2] . Whereas gastric cancers are often detected at a 
late stage with a corresponding poor prognosis in West-
ern countries, gastric cancers are detected at a much 
earlier stage in Japan due to mass screening programs 
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 Abstract 

 The extent of surgery for gastric cancer has been debated 
since Billroth performed his first gastrectomy in 1881. This 
review gives an overview of the available literature on the 
extent of gastrectomy and lymphadenectomy for advanced 
resectable gastric cancer. Subtotal gastrectomy is associated 
with lower morbidity and mortality compared with total gas-
trectomy, without compromising long-term survival. How-
ever, a positive resection margin decreases the chance of cu-
ration. Frozen section examination may prevent this. For 
poorly differentiated singlet ring cell tumors, there may be 
an argument to perform a total gastrectomy in all cases. In 
1981, the Japanese Research Society for the Study of Gastric 
Cancer provided guidelines for the standardization of surgi-
cal treatment and pathological evaluation of gastric cancer. 
Since then, D2 lymph node dissections have become the 
standard of care in Japan. Because of the superior stage-spe-
cific survival rates in Japan, a D2 dissection was evaluated in 
several Western randomized controlled trials, but no surviv-
al benefit was found for a D2 over a D1 dissection. This might 
be explained by the increased mortality in the D2 dissection 
groups which might be the result of a standard pancreatico-
splenectomy and low experience with D2 dissections. Add-
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 [3] . This has been mentioned as one of the reasons for 
superior survival rates in Asian countries compared to 
Western countries  [4] . Surgery is the only curative in-
tervention for patients with advanced (at least submu-
cosal) gastric cancer, while endoscopic (sub)mucosal 
dissection is frequently used for early gastric cancer in 
Asia. During the last decade, additional treatment regi-
mens such as chemotherapy and chemoradiotherapy 
have shown improved survival rates for advanced gas-
tric cancer  [5, 6] . Over the past 30 years, the extent of 
lymph node dissection has been the subject of an exten-
sive debate worldwide. In Asian countries, extended 
lymphadenectomy has been a standard procedure since 
the guidelines were established in 1981 by the Japa-
nese Research Society for the Study of Gastric Cancer 
(JRSGC), while it has only been recently that Western 
countries have incorporated extended lymph node dis-
section into treatment guidelines  [7, 8] . This difference 
might also be an explanation for the better survival rates 
in Eastern countries. The purpose of the current review 
is to give an overview of the available literature on the 
extent of gastrectomy and lymphadenectomy in ad-
vanced resectable gastric cancer.

  Total versus Subtotal Gastric Resection 

 A total gastrectomy is the therapy of choice for tumors 
of the proximal or middle stomach  [8] . For distal gastric 
cancers, both a distal and a total gastrectomy can be per-
formed. Several studies have investigated the relation be-
tween the extent of resection and morbidity and mortal-
ity. In a Norwegian randomized/observational study with 
1,010 patients, there was a lower morbidity rate for sub-
total gastrectomy (28 vs. 38%) versus total gastrectomy 
 [9] . Comparable results were found in an observational 
German study (morbidity 23 vs. 47%)  [10] . In a French 
study, no difference in 5-year survival was found between 
a total and subtotal gastric resection  [11] . This was con-
firmed 10 years later in an Italian study  [12] . In the Dutch 
Gastric Cancer Trial (DGCT) and the Medical Research 
Council (MRC) trial, hospital mortality in the D1 and D2 
groups was significantly lower after a subtotal gastrecto-
my (3 and 7%, respectively) compared to a total gastrec-
tomy (5 and 14%, respectively)  [13–15] .

  Although a subtotal gastrectomy for distal gastric can-
cer is associated with less morbidity with an equal long-
term survival, the resection line should never be compro-
mised  [16] . In the DGCT, 6% of all patients had micro-
scopic resection line involvement, which was associated 

with increasing T stage, N stage, tumor location, tumor 
differentiation, and poor survival. This indicates the ne-
cessity of per operative frozen section examination, espe-
cially for patients with poorly differentiated singlet ring 
cell tumors. In this context, there is an argument for per-
forming a total gastrectomy in all patients with poor tu-
mor differentiation.

  Lymph Node Anatomy and Lymph Node Dissection 

in Gastric Cancer 

 As the primary tumor penetrates more deeply through 
the wall of the stomach, the risk of lymph node metastases 
increases. In the JRSGC guidelines, 16 different lymph 
node stations surrounding the stomach are defined ( fig. 1 ) 
 [17] . These are further divided into four groups, each 
group further away from the primary tumor site. In a D1 
dissection, the stomach (total or distal) plus the perigas-
tric lymph nodes are removed (i.e. stations 1–6). For a D2 
dissection, additional removal of the nodes along the left 
gastric, the common hepatic, the splenic, and the left 
 hepatoduodenal artery (i.e. stations 7–11) is performed. 
With a D3 and D4 dissection, an even more extended 
lymphadenectomy is performed, including posterior 
hepatoduodenal and para-aortic nodes (stations 12 and 
16). Minor modifications from this schedule occur de-
pending on the location of the tumor  [17] .

  When Billroth performed his first gastric resection in 
1881, he actually also removed some enlarged nodes. His 
patient died 14 months after the operation due to recur-
rent disease. Since then, the extent of lymph node dissec-
tion has been a topic of debate in the treatment of gastric 
cancer. Theoretically, removal of a wide range of lymph 
nodes improves the chances for cure. Such resection, 
however, could be irrelevant when no lymph nodes are 
affected, when the cancer has developed into systemic 
disease, or the dissection increases morbidity and mortal-
ity substantially.

  In the 1980s it was shown that stage-specific 5-year 
survival was higher in Japan compared to the USA: stage 
I = 91 versus 50%, stage II = 72 versus 29%, stage III = 44 
versus 13%, and stage IV = 9 versus 3%, respectively  [18] . 
One of the reasons for these differences was thought to be 
the extent of lymph node dissection. In order to prove 
that the difference in stage-specific survival was due to the 
extent of lymph node dissection, randomized controlled 
trials comparing D1 and D2 dissections were set up in 
Western countries.
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  Randomized Controlled Trials on the Extent of 

Lymph Node Dissection 

 The first trial was started in 1982 in Cape Town, South 
Africa and was presented by Dent et al.  [19]  in 1988.   A 
randomized comparison was made for D1 and D2 dissec-
tions. In a period of 5 years, 403 patients were evaluated 
for surgery. All ineligible patients had advanced disease 
in excess of the protocol stage. Forty-three patients were 
randomized: 22 in the D1 resection group and 21 in the 
D2 resection group (then called R1 and R2, respectively). 
The age in the D2 group was higher and there were more 
male patients. Patients in the D2 group had a longer op-
erating time, needed more blood transfusions, and had a 
longer hospital stay. Median follow-up was 3.1 years. No 
difference in survival was found, while morbidity in the 
D2 group was higher ( table 1 ). From this study it was con-
cluded a D2 resection did not show a survival benefit over 
a D1 resection and that the D2 resection should only be 
performed in clinical trials  [19] .

  Robertson et al.  [20]  presented the second trial in 1994. 
They performed a randomized controlled trial in Hong 
Kong, comparing D1 subtotal with D3 total gastrectomy 
in antral cancer. Fifty-four patients were included in the 
period 1987–1991. Twenty-five patients underwent a D1 
subtotal gastrectomy and 30 patients a D3 total gastrec-
tomy. D3 resection was defined as total gastrectomy and 
excision of greater and lesser omentum, splenectomy, 
distal pancreatectomy, and lymph node dissection of the 
celiac axis and in the hepatoduodenal ligament. D1 resec-
tion was defined as subtotal gastrectomy including a 6-cm 
proximal resection margin, and resection of the lesser and 
greater omentum. Patient characteristics were compara-
ble between the groups. At 5 years, 7 out of 25 patients 
(28%) had died in the D1 group, whereas 14 out of 30 pa-
tients (46%) had died in the D3 group. The median over-
all survival was better for the D1 group (1,511 vs. 922 
days, respectively). In the D3 group, 1 patient died post-
operatively, but no patients died in the D1 group. Mor-
bidity was higher in the D3 group: longer operating time, 

N1 lymph nodes (perigastric)
1 Right cardiac nodes
2 Left cardiac nodes
3 Nodes along the lesser curvature
4 Nodes along the greater curvature
5 Suprapyloric nodes
6 Infrapyloric nodes

N2 lymph nodes (branches celiac axis)
7 Nodes along root left gastric artery
8 Nodes along common hepatic artery
9 Nodes around celiac axis
10 Nodes at splenic hilum
11 Nodes along splenic artery 

N3 lymph nodes
12 Nodes at the hepatoduodenal ligament
13 Retropancreatic (periduodenal) nodes
14 Nodes at the root of the mesentery

N4 lymph nodes
15 Nodes along the middle colic vein
16 Para-aortic nodes

  Fig. 1.  Lymph node stations as defined by the JRSGC  [17] . D1 resection = Removal of the N1 lymph nodes; D2 
resection = removal of the N1 and N2 lymph nodes. 
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more blood loss, more blood transfusions needed, and 
longer hospital stay (8 vs. 16 days). There were 14 cases of 
subphrenic abscesses in the D3 group. The conclusion of 
this study was that the routine use of a D3 total gastrec-
tomy in patients with antral gastric cancer was not sup-
ported  [20] . 

 The MRC performed a large randomized controlled 
trial in the United Kingdom  [14] . A total of 400 patients 
were randomized to a D1 or D2 lymphadenectomy and 
underwent a total or subtotal gastrectomy performed by 
one of 32 participating surgeons in multiple hospitals. A 
D1 dissection was defined as removal of lymph nodes 
within 3 cm of the tumor en bloc with the greater omen-
tum. In a D2 resection for antral tumors, the omental bur-
sa, the hepatoduodenal, and retroduodenal lymph nodes 
were resected. For middle and upper third lesions, splen-
ic hilar nodes and retropancreatic nodes were removed 
by distal hemipancreaticosplenectomy. In 7 years, 737 pa-
tients were registered with proven gastric cancer, of which 
400 were eligible for the study.

  After 5 years, no difference in overall survival (35 vs. 
33% for D1 and D2, respectively) and recurrence-free 
survival were found. In a multivariate analysis, the pa-
tients who underwent a spleen- and pancreas-sparing D2 
dissection had a better survival rate than the correspond-
ing D1 group. The authors concluded that there was no 
benefit from a D2 resection, but when sparing the pan-
creas and spleen there can be an advantage from a D2 dis-
section compared to a D1 dissection  [14] .

  Nearly simultaneously,   a multicenter randomized 
controlled trial was performed in the Netherlands, which 
accrued between 1989 and 1993  [13] . In the DGCT, 1,078 
patients with gastric cancer were randomized to undergo 
either a D1 or a D2 lymph node dissection. The study was 

performed at 80 Dutch hospitals. The surgical treatment 
in the D2 group was performed by 11 specially trained 
supervising surgeons. D1 dissections were performed 
without supervision as this was the standard procedure in 
the Netherlands. A total of 711 patients with curable gas-
tric cancer were eligible for curative surgery. Mortality 
was higher in the D2 group (10 vs. 4%, respectively) as 
well as morbidity (43 vs. 25%, respectively). Mean hospi-
tal stay was significantly longer for D2 dissections (22 vs. 
18 days) and the reoperation rate in the D2 group was 
higher (16 vs. 8%, respectively). The main causes for re-
operation were intra-abdominal abscesses and pulmo-
nary problems. The 5-year survival rate was not found to 
be different between the D1 and D2 dissection groups (45 
and 47%, respectively)  [13, 21] .

  In 2004 the long-term results of the DGCT were pub-
lished. After 11 years, there was no significant difference 
in overall survival (D1 = 30% vs. D2 = 35%). In a sub-
group analysis it was found that only patients with N2 
disease might benefit from a D2 resection. The extent of 
lymph node dissection directly correlated with morbidity 
and mortality, but the highest risk ratio for morbidity and 
mortality were pancreatectomy and splenectomy. It was 
concluded that if mortality and morbidity could be avoid-
ed, a D2 resection may be of benefit  [22] . Furthermore, 
analysis of the subgroup that did not undergo pancreati-
cosplenectomy showed a significant survival advantage 
for those who had a D2 lymph node dissection (11-year 
survival 33% for D1 and 47% for D2)  [23] . In the 15-year 
follow-up analysis, it was shown that D2 lymphadenec-
tomy was associated with lower locoregional recurrence 
and gastric cancer-related death rates compared to D1 
surgery. The final conclusion was that with safer spleen-
preserving D2 dissections, when applied in experienced 

Table 1.  Randomized trials for extension of lymphadenectomy

Study Accrual Comparing Patients, n Morbidity, % Mortality, % 5-Year survival, %

Dent et al. [19] 1982 – 1985 D1, D2 22, 21 22, 43 0, 0 69, 67
Robertson et al. [20] 1987 – 1991 D1, D2 25, 30 0, 58 0, 3.3 45, 35
Cuschieri et al. [14] 1987 – 1994 D1, D2 200, 200 28, 46 6.5, 13 35, 33
Bonenkamp et al. [13] 1989 – 1993 D1, D2 380, 331 25, 43 4, 10 45, 47
Degiuli et al. [26] 1998 – 2005 D1, D2 133, 134 18, 12 3.0, 2.2 NR
Wu et al. [27] 1993 – 1999 D1, D3 110, 111 7, 17 0, 0 53.6, 59.5
Sasako et al. [28] 1995 – 2001 D2, D4 263, 260 21, 28 0.8, 0.8 69, 70

 D1 = Limited lymph node dissection; D2 = extended lymph node dissection; D3 = D2+ lymph nodes in the hepatoduodenal liga-
ment; D4 = D2+PAND; NR = not recorded.
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centers, a D2 lymphadenectomy is the recommended sur-
gical approach for patients with resectable gastric cancer 
 [24] .

  A Cochrane review of these first four randomized tri-
als showed a significantly increased mortality after a D2 
dissection (risk ratio: 2.23, 95% CI: 1.45–3.45) without a 
benefit in survival [hazard ratio (HR): 0.95, 95% CI: 0.83–
1.09]  [25] .

  The high postoperative mortality rates after a D2 
lymphadenectomy in the Dutch and MRC trials were crit-
icized as both studies were performed in a large number 
of hospitals without proper training for D2 dissections. 
Therefore, a randomized D1-D2 study was repeated in 
Italy after the participating surgeons received specialized 
training.

  In a period of 7 years, 267 patients were randomized in 
only five hospitals. A D1 dissection was defined as tumor 
removal with the perigastric lymph nodes according to the 
JRSGC. A D2 gastrectomy was defined as total gastrecto-
my with or without a routine splenectomy or pancreatic 
tail resection. The overall complication rate for the D1 
group was 12 versus 17.9% for the D2 group (difference 
not significant). Postoperative mortality was 3.0% for the 
D1 dissection group and 2.2% for the D2 dissection group. 
It was shown that a D2 resection for gastric cancer, pre-
serving the pancreas, has equal morbidity and mortality 
rates as a gastrectomy with D1 lymphadenectomy. We 
have to wait to see, however, whether there is a survival 
benefit for D2 dissections in this study group  [26] .

  In order to find out whether more extended lymph 
node dissections were beneficial for Eastern patients, two 
randomized trials were performed. The first one from 
Taiwan, which started accrual in 1993, was a single insti-
tution randomized trial comparing D1 and D3 resection 
in gastric cancer. In a period of 6 years, 335 patients were 
registered, of which 221 patients were randomized to a 
D1 or D3 resection. The primary endpoints were 5-year 
overall survival and 5-year disease-specific survival. All 
patients were operated by three well-trained (>25 inde-
pendent D3 resections) surgeons. A D1 resection was de-
fined as tumor removal with a 3-cm margin for superficial 
well-differentiated tumors and lymph node resection 
along the greater and lesser curvature. A D3 resection was 
defined as tumor removal with a subtotal or total gastric 
resection with dissection of the lymph nodes around the 
blood vessels supplying the stomach that arise from the 
celiac axis, lymph nodes in the hepatoduodenal ligament, 
retropancreatic region, and lymph nodes surrounding 
the superior mesenteric vein. Baseline characteristics of 
both groups were the same. A total of 215 patients under-

went a R0 resection. Overall survival was significantly 
better for the D3 group (59.5%) compared to the D1 
group (53.6%; p = 0.041). Disease-specific survival was 
54.3% for the D3 group versus 49.5% for the D1 group 
(per protocol analysis). Although morbidity was higher 
after a D3 dissection, there was no mortality in either 
group. Therefore, D3 resection, when performed by well-
trained surgeons, offers a survival benefit over D1 dissec-
tion in patients with gastric cancer  [27] .

  The second study is from Japan. This multi-institu-
tional randomized controlled trial by the Japanese Clini-
cal Oncology Group (JCOG 9501) was developed to de-
termine whether the addition of systematic para-aortic 
lymph node dissection (PAND) to standard gastrectomy 
with D2 lymphadenectomy improved survival rates 
among patients with curable gastric cancer. Between 1995 
and 2001, 523 patients were randomized to a D2 resection 
(n = 263) and a D2+PAND (n = 260). The study was per-
formed at 24 hospitals. Participating surgeons had per-
formed at least 100 gastrectomies with a D2 dissection, or 
the operation was carried out in a hospital where more 
than 80 gastrectomies are performed per year. The post-
operative complication rate was 20.9% for the D2 group 
and 28.1% for the D2+PAND group. There were no sig-
nificant differences between the two groups in frequen-
cies of anastomotic leakage, pancreatic fistula, abdominal 
abscess, pneumonia, or death from any cause within 30 
days after surgery. There was a longer operation time 
(median: 63 min) and more blood loss (230 ml) in the 
D2+PAND group. The 5-year survival rate was not sig-
nificantly different: 69.2% for the D2 group and 70.3% 
for the D2+PAND group. There also were no signifi-
cant differences in recurrence-free survival between 
the two groups. Therefore, a more extended dissection 
(D2+PAND) did not improve the survival rate in curable 
gastric cancer  [28] .

  Maruyama Index 

 In order to make lymph node dissections more tailor-
made, Prof. Maruyama introduced the Maruyama Index 
(MI) of unresected disease after meticulously studying all 
resected lymph node stations in 3,843 patients  [18, 29] . 
Based on seven input variables (age, sex, Borrmann type, 
tumor size, tumor position, and histology), the likelihood 
for nodal involvement of each lymph node station ( fig. 1 ) 
can be calculated by the Maruyama Computer Program.

  The MI of unresected disease has later been defined as 
the sum of regional nodal disease percentages for stations 
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(1–12) not removed by the surgeon. It was developed to 
predict survival of patients with gastric cancer after sur-
gery based on patient and tumor characteristics com-
bined with information on the removed lymph node sta-
tions. This index was calculated for 648 patients in the 
DGCT. An MI of less than 5 was associated with a sig-
nificantly higher survival and a reduced relapse risk com-
pared with patients who scored 5 or more  [30] . This index 
also proved to be a significant predictor of survival on 
both univariate and multivariate analyses in the Inter-
group 0116 trial  [31] . Because of its complexity for use in 
the operating room, the MI is not frequently used during 
surgery in Western countries.

  Removing Lymph Node Stations 10 and 11 and 

Spleen 

 Another issue is whether removal of the spleen offers 
a benefit in survival. On one hand, the removal of the 
spleen may be beneficial in order to adequately remove 
lymph node stations 10 and 11 and thereby improve sur-
vival. On the other hand, removal of the spleen may lead 
to increased morbidity due to pancreatic fistula, intra-
abdominal abscesses, and anastomotic leakage.

  In the DGCT, removal of the spleen and pancreatic tail 
led to a strong increase in morbidity and mortality  [13] . 
The most severe complications such as pancreatic fistula 
(3 vs. 1%), intra-abdominal abscesses (17 vs. 8%), and 
anastomotic leakage (9 vs. 4%) occurred significantly 
more in the D2 dissection group.

  In the DGCT, lymph node stations 10 and 11 were re-
moved in 112 and 124 patients, respectively. In the group 
of 18 patients with metastasis in lymph node station 10, 
survival after 11 years of follow-up was 11%. In the group 
of 24 patients with metastasis in station 11, the 11-year 
survival was only 8%. In patients without metastasis in 
lymph node stations 10 and 11, the 11-year survival was 
27 and 35%, respectively  [22] .

  In a later subgroup analysis of patients who did not 
undergo a pancreaticosplenectomy in the DGCT, a sig-
nificant survival advantage for those who had a D2 lymph 
node dissection was found (11-year survival of 33% for 
D1 and 47% for D2, p = 0.018)  [23] . Thus, there may be a 
rationale to perform a D2 dissection if morbidity and 
mortality can be prevented.

  To date, three randomized controlled trials have been 
performed that have evaluated the effect of splenectomy 
for gastric cancer. In a Japanese study, the lymph nodes 
along the splenic artery were removed in a pancreas-pre-

serving way. A total of 110 patients (55 in each group) 
were randomized for total gastrectomy with or without 
splenectomy. No significant differences were found in 
5- and 10-year survival ( table 2 ). Although anastomotic 
leakage was equal in both groups (3.6%), the number of 
pancreatic fistula was significantly higher in the splenec-
tomy group (9.1 vs. 14.5%)  [32] .

  In a Chilean trial, 187 patients underwent total gas-
trectomy with or without splenectomy (90 with and 97 
without). There was also no difference found in survival 
in this study. Perioperative mortality was 4.4 and 3.1% for 
patients with or without splenectomy, respectively. Septic 
complications like pulmonary problems and subphrenic 
abscesses occurred significantly more often in the sple-
nectomy resection group  [33] .

  In a Korean trial, 207 patients were randomized for 
gastrectomy with or without splenectomy. Although 
5-year survival was higher in the splenectomy group, this 
difference did not reach statistical significance (48.8 vs. 
54.8%). Surgical complications occurred more frequently 
in the splenectomy group (15.4 vs. 8.7%), but this differ-
ence also did not reach statistical significance  [34] .

  A meta-analysis on perioperative survival with the data 
from these randomized trials showed no statistically sig-
nificant difference (OR: 1.59, 95% CI: 0.44–5.79)  [35] . A 
large randomized trial to evaluate the use of splenectomy 
in gastric cancer is currently underway in Japan  [36] .

  A systematic review of spleen and pancreas preserva-
tion in extended lymphadenectomy for gastric cancer was 
recently presented by Brar et al.  [35] . Besides the random-

Table 2.  Randomized trials on splenectomy for curable gastric can-
cer

Study Patients
n

Surgical
complica-
tion rate, %

Mortality
%

Overall
survival
5-year, %

p

Furakawa
et al. [32]

S– = 55
S+ = 55

13a

16a
NR
NR

76.7
80.0

NSb

Csendes
et al. [33]

S– = 97
S+ = 90

NR
NR

3.1
4.4

36
42

NS

Yu et al. [34] S– = 103
S+ = 104

8.7
15.4

1.0
1.0

48.8
54.8

NS

 S– = Without splenectomy; S+ = with splenectomy; NR = not 
reported; NS = not significant.

a Pancreatic fistula and anastomotic leakage.
b Not significant for all items.
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ized trials, 37 articles with 6,354 patients were included in 
this review. From this analysis it was concluded that de-
spite the concern about the increased morbidity and mor-
tality of splenectomy and distal pancreatectomy during 
extended lymphadenectomy for gastric cancer as demon-
strated in some studies, more contemporary studies dem-
onstrate that this procedure can still be done safely with 
low short-term morbidity and mortality for patients un-
dergoing curative surgery for gastric cancer. However, in 
the studied randomized controlled trials, no difference in 
5-year survival was found  [35] .

  As far as reported, most of these studies have in com-
mon that prognosis for patients with affected lymph 
nodes in the splenic hilus is poor. Taking this into account 
together with the increased morbidity without survival 
benefit, splenectomy cannot be advised at this moment 
unless there is direct invasion into the spleen. The results 
of the JCOG 0110 trial are awaited with great interest  [36] .

  Hospital Volume and Surgeon Volume 

 There is a large difference in the incidence of gastric 
cancer between Asia and Europe. In Japan there is a 
screening program for gastric cancer and Japan has a two- 
to sevenfold higher incidence of gastric cancer compared 
to European countries. European surgeons are exposed to 
much less gastric cancer than their Asian counterparts. 
One of the comments on the European D1-D2 studies 
was that the cause of the high mortality could be the low 
exposure the surgeons have for gastric cancer. Perform-
ing these randomized trials, it has been shown that high-
risk low-volume surgery, like gastric cancer, can improve 
outcome over a longer period. Increasing surgeon and 
hospital volume is the key to improvement  [37] .

  In the Western world and Asia there are many studies 
that have shown the relation between outcome and hos-
pital volume. Increasing the surgeons’ volume also con-
tributed to a higher survival rate and lower postoperative 
mortality  [38] . In 2003, Denmark enforced centralization 
of gastric cancer surgery from 37 to 5 hospitals, which re-
sulted in a significant decrease in postoperative mortality 
(8.2% in 2003 to 2.4% in 2008, p = 0.05) and an increase 
in the number of patients with at least 15 lymph nodes 
examined (19–67%)  [39] . Centralization of gastric cancer 
surgery is currently being implemented in the UK, Swe-
den, Finland, and in almost all regions in the Netherlands. 

  One of the other key solutions for the improvement of 
gastric cancer is auditing. With auditing, surgeons can 
improve their results by learning from their own outcome 

statistics benchmarked against their peers, which is often 
referred to as the Hawthorne effect. With auditing it is 
possible to analyze differences in hospital mortality, the 
extent of lymph node dissection, and the use of laparo-
scopic techniques. Auditing has proven its value in rectal 
cancer treatment in Europe  [40] , and audits for gastric 
and esophageal cancer are currently used in Denmark, 
the UK, and the Netherlands.

  Discussion 

 The only way to cure patients with advanced gastric 
cancer is gastrectomy with adequate regional lymph node 
dissection. In Japan and Korea the standard of care has 
been a gastrectomy with D2 lymph node dissection for 
many years, while it has only recently been implemented 
as the standard of care in Western countries.

  The DGCT and MRC trials did not show any benefit 
for a D2 dissection after 5 years. This might be explained 
by inadequacy of pretrial surgical training and the conse-
quent increased morbidity and mortality. Multiple stud-
ies have reported a close relation between the number of 
cases treated in a hospital and outcome in the surgical 
treatment of cancer  [38] . An Italian trial with adequately 
trained surgeons showed that a D2 dissection can be per-
formed safely in Western countries  [26] . In Europe only 
the long-term follow-up of the DGCT showed a decrease 
in cancer-related deaths after D2 dissection  [24] .

  The high mortality after D2 dissection in the DGCT 
and MRC trial has probably offset the possible survival 
benefit. Subgroup analysis showed a very strong indepen-
dent association between postoperative death and resec-
tion of the spleen and tail of the pancreas. Patients who 
did not undergo a pancreaticosplenectomy had a signifi-
cant survival advantage for those who had a D2 lymph 
node dissection  [23] .

  When postoperative mortality can be avoided, an ex-
tended lymph node dissection may be beneficial as shown 
by Wu et al.  [27] . More extended lymph node dissections 
with the removal of para-aortic lymph nodes, however, 
show no further benefit in survival  [28] . This suggests 
that if para-aortic lymph nodes are affected, there prob-
ably already is systemic disease.

  In conclusion, D2 lymph node dissection should be the 
standard lymph node dissection for advanced curable 
gastric cancer. The removal of the spleen and pancreatic 
tail should only be performed in cases with direct tumor 
invasion into these organs. Centralization and auditing 
may further improve the outcome for gastrectomy.
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