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Introduction

The lymphatic route is the main way of spread of gastric 
cancer (GC), and lymph node involvement is the main 
prognostic factor after potentially curative (R0) resection 
(1-3). The systematic removal of regional lymph nodes 
(lymphadenectomy) has always been considered a crucial 
step in GC surgery, and lymph node dissection as a 
direct measure of the quality of surgery. However, the 
benefit of extended (D2) lymphadenectomy remained 
a matter of debate for long time, above all in Western 
countries, in light of the results of the Dutch and British 
randomized studies, which showed no evidence of overall 
survival benefit after D2 dissection compared with 
the D1, at the expenses of much higher postoperative 
mortality rates (4,5). These results were much discordant 

as compared with observational data from specialized 
Western centers, which reported low complications 
rates and postoperative mortality risk, with high long-
term survival rates even in advanced nodal stages (6-9). 
Some clarifications were provided by the re-evaluation 
of long-term results of the Dutch trial, which showed 
a reduction of locoregional recurrence and GC-related 
deaths, above all in the long-term, in patients treated 
by D2 lymphadenectomy (10,11). Nowadays, most 
recent treatment guidelines from East and West advice 
D2 dissection as the standard treatment of resectable 
GC in non-early stage, above all in patients deemed as 
medically fit, and treated in specialized centers with ad 
adequate volume of GC surgery and appropriate surgical 
expertise and postoperative care (12-17).
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Material and methods

A literature review was performed using Medline/PubMed 
and Cochrane Library with the following key words: GC, 
stomach neoplasm, lymphadenectomy, node dissection. The 
language used for the research was English.

Rationale of extended lymphadenectomy

The rationale of the potential  cl inical  benefit  of 
lymphadenectomy in GC is based upon four main 
cornerstones: (I) increase in the number of removed nodes 
and adequate disease staging; (II) removal of potentially 
metastatic nodes and increase in surgical radicality; (III) 
reduction of GC recurrence, above all locoregional; (IV) 
potential improvement in long-term survival.

Increase in the number of removed nodes and adequate 
disease staging

It is well known that extended lymphadenectomy is 
associated with an increase in the number of removed 
lymph node, compared with mode limited lymph node 
dissections. This is an important point for disease staging, 
as UICC/AJCC TNM classification advice a minimum of 
16 lymph nodes to be analysed for a correct nodal staging 
(pN). Some specific studies demonstrated statistically the 
potential improvement of extended lymphadenectomy in 
this aspect. The analysis of data from specialized centers 
belonging to the Italian Research Group for Gastric Cancer 
(GIRCG) showed that D1 dissection is associated with a 
rate of inadequate staging (less than 16 removed nodes) in 
54.4% of patients. On the contrary, these rates decreased to 
6.2% and 1.4%, respectively, in patients submitted to D2 
or D3 lymphadenectomy, which are then associated with an 
adequate disease staging in the majority of cases (18). 

Removal of potentially metastatic nodes and increase in 
surgical radicality

It is intuitive, but also clearly demonstrated in all studies 
dealing with this issue, that the more lymph node are 
removed, the more positive nodes are found (19,20). 
This implies that the extended lymph node dissection is 
associated with an increase in surgical radicality, even if 
this is not directly measurable case by case. Several studies 
calculated the incidence of lymph node metastases in second 
level nodes, removed by D2 dissection. The rates of nodal 

metastasis in second-level nodes (8a, 10, 11p/d, 12a) range 
according to depth of invasion, histotype, tumor location 
and other pathological factors (9,20-23). It is evident that 
removing these metastatic nodes could favour an increase 
in surgical radicality. Furthermore, as a survival benefit of 
extended lymphadenectomy has been supposed even in node-
negative patients, removal of potential micrometastasis in 
these nodes could also improve oncological outcome (24,25).

Reduction of GC recurrence

The increase in surgical radicality obtained with extended 
lymphadenectomy could be associated with a reduction in 
tumor recurrence, with special reference to the locoregional 
failure. The re-evaluation of the Dutch trial demonstrated 
a significant decrease of GC-related deaths in patients 
submitted to D2 vs. D1 (37% vs. 48%, respectively), 
whereas death due to other diseases was similar in both 
groups. Local recurrences were 22% in the D1 group vs. 
12% in D2, and regional recurrences were 19% in D1 
vs. 13% in D2 (11). If we look at survival curves of this 
study, it is evident that after 2–3 years from operation the 
cumulative risk of death due to GC is increased in the D1 
group, and several long-term tumor-related deaths even 
after 5 years of follow-up are observed. In the GIRCG 
experience, a reduction of locoregional recurrence has been 
observed with time, with a parallel increase in the quality 
of lymphadenectomy and the number of removed lymph 
nodes (26).

Potential improvement in long-term survival

No long-term survival benefit was observed, in Dutch 
and British randomized trials, in patients treated by D2 
dissection. However, this may be due, at least in the Dutch 
trial, to the initial gap of higher postoperative mortality 
in the D2 group. Both trials revealed much higher 
mortality and morbidity after D2 lymphadenectomy 
when compared with the D1 arm. High complication 
rates could be explained by both the high number of 
participating centers, not all of which specialized in this 
type of surgery, and by the inappropriate design of the 
trials, which included routine distal pancreatectomy 
and splenectomy in the D2 procedure. The 15-year 
follow-up evaluation of the Dutch trial showed a trend 
to overall survival improvement in D2 group, although 
not statistically significant; if we could virtually exclude 
this initial gap, long-term survival difference may be 
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much higher, probably statistically significant (11). In the 
Italian trial by Degiuli et al., better long-term outcome 
was observed in patients with N2 tumors treated by D2 
dissection compared with D1; in such trial, postoperative 
mortality was overlapping in the D1 and D2 groups (27). 
Then, it is probable that D2 dissection, when performed 
in specialized, high-volume centers, could offer a long-
term survival benefit if postoperative complications and 
mortality are not increased. This is confirmed by the 
results of the Taiwan randomized trial comparing limited 
and extended lymph node dissection carried out at a 
single specialized institution in Taiwan (28). This trial 
demonstrated a survival benefit in overall and disease free 
survival rates after extended lymph node dissection, with 
limited postoperative complications.

D3 (D2 plus) lymphadenectomy

Lymph node dissection in “posterior” (8p, 12b/p, 13) and 
para-aortic stations (16 a2/b1) is currently not included 
in the “standard” D2 lymphadenectomy, according to the 
guidelines of the Japanese Gastric Cancer Association 
(JGCA). This because the final long-term results of 
the JCOG 9501 randomized trial comparing D2 with 
D2 plus para-aortic lymphadenectomy failed to show 
an overall  survival benefit for the super-extended  
group (29). However, we should underline that: (I) in such 
trial patients with clinical metastases to para-aortic nodes 
were not eligible for randomization; as such, the survival 
benefit of D2 plus was denied when performed with a 
“prophylactic” intent, but a potential benefit in patients 
with distant node metastases could not be excluded; (II) 
several observational and phase II studies reported long-
term survivors in patients with metastases to para-aortic 
nodes, when treated by D2 plus lymphadenectomy; these 
rates were particularly high when surgery is preceded by 
neoadjuvant chemotherapy (30-33); (III) the incidence of 
distant lymph node metastases in Western patients has 
been estimated to be higher than Asian series, because 
it is related, besides T stage, to proximal tumor location 
and diffuse Lauren histotype (34); (IV) the JCOG 
9501 compared patients treated by D2 vs. D2 plus the 
dissection, but the surgical difference between the two 
groups was the removal of para-aortic nodes, whereas 
“posterior” stations (8p, 12b/p, 13) were similarly 
dissected in the two groups under study; as such, in our 
opinion the conclusions of the study do not justify the 
exclusion of “posterior” lymphadenectomy from surgical 

guidelines. For all these reasons, the GIRCG guidelines 
advice D2 plus lymphadenectomy in patients at risk of 
lymph node metastases to “posterior” and para-aortic 
nodes (17). These can be identified in advanced forms 
located in proximal third, and advanced diffuse histotype 
in the distal third for para-aortic lymphadenectomy; 
the results of an observational GIRCG study for the 
identification of groups at risk of metastases to “posterior” 
stations are going to be published. However, it is advisable 
that these procedures are performed in centers specialized 
with the D2 dissection, where more extended dissection 
could be performed safely, or in the setting of clinical 
studies.

Lymphadenectomy for early forms

Although endoscopic approach to early forms is increasing 
in specialized centers in the West, it is still far to become a 
clinical standard. Early forms not treatable by endoscopic 
resection should be submitted to surgical resection with 
lymphadenectomy. According to the JGCA treatment 
guidelines, D1 lymphadenectomy may be adequate in early 
forms with clinically negative lymph nodes (16). However, 
we should underline that a proportion of early forms 
in the West are of diffuse histotype, which is associated 
with a higher risk of lymph node metastases and greater 
lymph node spread, above all when submucosa is involved. 
Furthermore, in the West endoscopic resections, which 
can be considered as treatment but also staging procedures, 
are performed much less frequently than in East Asia, and 
the clinical diagnosis of lymph node metastasis by imaging 
procedures has still a low accuracy. As such, the GIRCG 
guidelines advise a standard D2 lymphadenectomy in early 
forms of GC (17). Only in selected cases (high-risk patients, 
early forms with favourable pathological characteristics, not 
treatable by endoscopic resections) more limited procedures 
should be considered (D1 plus). This includes the removal 
of perigastric lymph nodes (stations from 1 to 6), left gastric 
artery nodes (stations 7), celiac axis nodes (station 9), and 
hepatic artery (8a), according to the JGCA guidelines. 
Dissection along splenic artery (11p/d) depends upon the 
extent of gastrectomy (subtotal/total) for its inclusion in the 
D1 plus or D2 lymphadenectomy. Molecular characteristics 
of GC could indicate in the future new possibilities to select 
the extent of lymphadenectomy in high-risk patients, with 
special reference to microsatellite instability cases, which 
demonstrated a lower propensity to lymphnodal spread, 
particularly in the aged (35,36).
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Early forms of GC could also be treated by minimally-
invasive (laparoscopic or robotic) approach, which 
demonstrated non-inferior oncological results than open 
surgery in recent studies (37,38). However, it should be 
emphasized that oncological criteria regarding resection 
margin and lymph node dissection need to be carefully 
followed in minimally-invasive procedures.

Lymphadenectomy for advanced forms

The extent of lymphadenectomy is crucial in surgical 
treatment of advanced forms of GC. An essential condition 
is that good early postoperative results in terms of morbidity 
and mortality should be ensured. This is consistent with 
the reports of observational non-randomized studies from 
specialized centers (6-9,18,26-28). 

The correct procedure of lymphadenectomy involves 
the removal of nodal stations from 1 to 12, with some 
variations depending upon the extent of gastric resection. 
Special attention should be paid upon to the complete 
removal of infra-pyloric nodes (station 6), right paracardial 
nodes (station 1), left gastric artery nodes (station 7), 
celiac axis (station 9), hepatic artery (station 8a), splenic 
artery (station 11), and hepatoduodenal ligament nodes 
(station 12a). We emphasize the notable importance 
of infra-pyloric lymphadenectomy, because station 6 is 
frequently involved even in early forms of GC located in 
the distal third, and this station is located in the first level; 
as such, an inadequate clearance at this level involves an 

incomplete D1 (D0) lymphadenectomy. The removal of 
station 14v (mesenteric vein) is advisable when macroscopic 
involvement of station 6 is present (Figure 1). Posterior 
bursectomy, with the removal of the anterior sheet of 
transverse mesocolon and pancreatic capsule, is advisable 
in cT3/T4 tumors, above all when located in the posterior 
wall of the stomach.

As for indications to splenectomy, final survival analysis 
of a randomized controlled trial (JCOG0110), designed to 
evaluate the role of splenectomy in total gastrectomy for 
proximal GC which does not invade the greater curvature, 
demonstrated significant non-inferiority of spleen 
preservation (39). Total gastrectomy with splenectomy 
should be recommended for tumors that are located along 
the greater curvature or when a macroscopic involvement of 
stations 4sa or 10 is present.

As previously stated, more extended lymphadenectomies 
(D2 plus) could be performed in selected cases at risk of 
metastasis to posterior (8p, 12p, 12b, 13), or para-aortic 
(16a2, b1) lymph nodes, in specialized centers and in the 
setting of clinical studies. Para-aortic lymphadenectomy 
should be limited to 16 a2/b1 groups (Figure 2). Proximal 
tumors or diffuse type tumors are particularly prone to 
metastasize to distant nodes, and in our opinion they 
may benefit from a super-extended lymphadenectomy 
(30,33,34,40). A recent GIRCG study reported a decrease 
of locoregional recurrence in diffuse type tumors treated by 
D2 plus dissection, as compared with the standard D2 (41).

Early results

The correct procedure of extended lymphadenectomy 
requires specialized experience in gastro esophageal 
surgery with an appropriate learning curve; indeed, the 
complication and mortality rates reported in the specialized 
Western centers are limited, generally overlapping or 
slightly higher than those reported by the Japanese authors 
(6-9,18,26-28,42,43). Furthermore, it is particularly 
important to limit the use of splenopancreatic resection to 
only selected cases. Splenopancreatic resection, besides not 
providing a proven benefit in terms of survival, considerably 
increases postoperative complications, as demonstrated 
in the Dutch and British randomized trials (4,5). Indeed, 
in the Italian trial by Degiuli et al., D2 dissection did not 
increase postoperative complications and mortality when 
spleen and pancreatic tail are preserved (43). It is also 
worthy of note that in the British trial resection of spleen 
and pancreas were found to have a significant negative 

Figure 1 Complete infra-pyloric lymphadenectomy (removal of 
stations 6 and 14v).
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influence on overall survival (5). In the GIRCG experience, 
data collected from a prospective database of 2,822 patients, 
most of which submitted to extended lymphadenectomy 
(>15 removed nodes in 78% of cases, >25 nodes in 53%) 
postoperative mortality was 3.5%, even when including 
aged patients, advanced stages and so on (26). These data 
indicate that extended lymphadenectomy can be performed 
safely in Western patients when adopting correct criteria 
and with an adequate surgical volume. Anyway, some risk 
factors for morbidity, linked to patient characteristics, 
have been identified in different studies: advanced age 
(particularly after 75 years), presence of important co-
morbidities (mainly cirrhosis and renal failure), high co-
morbidity index, hypoalbuminemia and poor nutritional 
status are those more frequently associated with advanced 
grade of postoperative complications after gastrectomy 
with lymphadenectomy (42,44-47). A characteristic of 
specialized centers is the ability to prompt identification and 
management of severe complications, which is associated 
with a significant decrease of their lethality rate.

Long-term results

Long-term survival rates after extended lymphadenectomy 
change notably in literature according to different series. 
Interpretation of the results from randomized trials indicate: 
(I) good long-term results after both D1 and D2 dissection, 
which were higher than expected; this was probably due 
to the selection of cases for the trial, but also in part to 
the standardization of the technique, as well as to frequent 
cases of contamination, which resulted in the removal 
of second-level stations in the D1 arm (43,48). Indeed, a 
recent evaluation performed on the Dutch trial revealed 

a significant survival benefit of the D2 over D1 when 
excluding cases with non-compliance or contamination (49); 
(II) the survival benefit after extended lymphadenectomy 
becomes evident after 2–3 years from operation, as observed 
in the Dutch and the Taiwan trial (11,28). The subset of 
patients with N2 disease in the Italian trial show similar 
clinical behaviour (43). This may be due to the potential 
reduction of locoregional failures, which are associated with 
longer timing of recurrence.

Generally, good long-term survival rates are reported 
in observational studies after extended lymphadenectomy 
in specialized centers from both Eastern and Westerns 
countries (6-9,19,21,33,41,43). In particular, some studies 
reported that with the implementation of lymphadenectomy 
procedures with t ime, a progressive reduction of 
locoregional recurrences has been observed (26). However, 
it should be emphasized that when comparing long-term 
results from Eastern and Western series, a significant 
better outcome at the same stage is observed in the former, 
suggesting potential biological differences related to the 
tumor, to the ethnicity or to the immunological system 
(50-54). When analysing long-term results in Western 
large series, it is evident that survival rates at advanced 
pT (serosal involvement) and pN stages (N3a and N3b) 
are unsatisfactory, even when submitting patients to 
extended lymphadenectomy (55). As such, in these stages 
a multidisciplinary approach is advisable, with possible 
integrated approach including neoadjuvant treatments or 
intraperitoneal chemotherapy (56). Recent studies reported 
very good long-term survival rates in patients with extensive 
or bulky lymph node metastases submitted to neoadjuvant 
chemotherapy and D2 plus lymphadenectomy (31,57). 
This is particularly true in Western series, where the rate 
of diffuse type tumors, associated with a high propensity 
to spread to regional and distant nodes, is increasing with  
time (26,56).

Conclusions

After years of extensive clinical and scientific research, 
hundreds of studies, clinical trials, meta-analysis and review 
papers, in many cases with contrasting and contradictory 
results, some fixed points seem to be reached about 
lymphadenectomy for GC. D2 dissection is now recognized 
in most guidelines all over the world as the standard 
treatment for resectable GC. More limited dissections 
could be applied for selected cases (early forms not treatable 
by endoscopic resections, high-risk patients), whereas more 

Figure 2 Para-aortic lymphadenectomy (removal of stations  
16 a2-b1).
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extended lymphadenectomy (D2 plus) could be indicated 
in advanced forms with high risk of metastases to distant 
nodes, but in specialized centers or in the setting of clinical 
studies. The integration with neoadjuvant therapies and 
multimodality treatments could offer a chance of cure in 
groups of patients with still poor results when approached 
with standard treatment. 
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