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Abstract
The amount of lymph node dissection required during surgical treatment of gastric cancer surgery has been quite controversial. In the 1970s and 1980s, Japanese surgeons developed a doctrine of aggressive preventive gastric cancer surgery that was based on extended (D2) lymph node dissection volumes. The West has relatively lower incidence rates of gastric cancer, and in Europe and the United States the most common lymph node dissection volume was D0-1. This eventually caused a scientific conflict between the Eastern and Western schools of surgical thought: Japanese surgeons determinedly used D2 lymph node dissection in surgical practice, whereas European surgeons insisted on repetitive clinical trials in the European patient population. Today, however, one can observe the results of this complex evolution of views. The D2 lymph node dissection is regarded as an unambiguous standard of gastric cancer surgical treatment in specialized European centers. Such a consensus of the Eastern and Western surgical schools became possible due to the longstanding scientific and practical search for methods that would help improve the results of gastric cancer surgeries using evidence-based medicine. Today, we can claim that D2 lymph node dissection could improve the prognosis in European populations of patients with gastric cancer, but only when the surgical quality of lymph node dissection execution is adequate.
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Core tip: The amount of lymph node dissection required during surgical treatment of gastric cancer has been quite controversial. We can now claim that D2 lymph node dissection improves the prognosis in European populations with gastric cancer, but only when the surgical quality of the lymph node dissection execution is adequate.
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INTRODUCTION
Radical surgery for malignant tumors traditionally includes mandatory one-piece removal of regional lymph nodes (LNs). This approach was introduced over 100 years ago by an American surgeon, W.S. Halsted, and has been used to determine the extent of surgery in basic sites of neoplasia including tumors in the gastrointestinal tract. Despite its high clinical effectiveness and use as a standard treatment in Asia, extensive D2/D3 lymph node dissection (LD) has not been widely used in gastric cancer (GC) surgery in Europe and the Americas until recently.
Indeed until recently, European clinical recommendations for cancer treatment did not suggest D2 LD as a surgical standard of care[1]. The relevance of this issue is also evident when considering the surgical standard of Western randomized trials on multimodal treatment for GC. The MAGIC trial set the standard for combined treatment of GC in the European Union, and D2 LD was performed in only 42.5% of patients[2]. The US standard multimodal treatment for GC is based on the INT 0116 trial[3] in which an extended LD was performed in only 10% of patients. In a large-scale clinical trial on perioperative chemoradiotherapy effectiveness (the CRITICS trial; ongoing in Europe), the planned extension of LD is more limited than D2[4]. Thus, the issue of standardization in lymphadenectomy extension for GC in Western countries remains relevant.

DEFINITION AND LEVELS OF LYMPHNODAL DISSECTION IN GASTRIC CANCER
Lymphatic efflux from the stomach travels through a complex multidirectional network[5]. Lymph from different sections of the stomach is drained into the para-aortal LN collector through one of four routes: (1) left subdiaphragmatic via the LN in the circulation of the left lower diaphragmatic artery; (2) abdominal via the LN along the left gastric, splenic, and common hepatic arteries and the celiac trunk; (3) upper mesenteric that receives lymph from the subpyloric LNs and runs along the upper mesenteric artery; and (4) retropancreatic, which is associated with LNs of the hepatoduodenal ligament, upper mesenteric vessels and common hepatic artery. Both the left subdiaphragmatic and abdominal routes drain lymph from the upper third of the stomach. The lymphatic efflux from the gastric body drains primarily through the abdominal route, and lymph efflux from the distal stomach drains through abdominal, upper mesenteric and retropancreatic routes[6].
Metastases to regional LNs are diagnosed in 37%-65% of patients with tumors in the gastric corpus, in 44%-80% of patients with tumors in the proximal stomach, and in 50%-59% of patients with tumors in the distal stomach[7,8]. The involvement of regional LNs depends directly on the depth of primary tumor invasion. In intra- and sub-epithelial tumors, regional lymphogenous metastases are diagnosed in 0%-5.5% and 19%-31% of patients, respectively[7,9]. In muscle or subserosal layer invasions, regional LN involvement increases to 30%-62%; in serous membrane tumors, regional LN metastases are found in 74% of patients, and 90-91% in cases with infiltration of adjacent organs[7].
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The first one-piece tissue dissection of regional lymphogenous metastasis during the course of GC surgery was carried out in 1962 by Jinnai et al[10]. Since then, the concept of extended radical LD has become an essential stage in the strategy of GC surgical treatment in Japan. Research in the field of lymph node topography and extended clinical efficiency formed the basis of the first edition of “General Rules for the Gastric Cancer Study”, which was published in the early 1960s under the auspices of the Japanese Research Society for Gastric Cancer[11]. The first English edition of these guidelines was published in Europe in 1995. Subsequently, research performed by the Japanese Gastric Cancer Association (JGCA) formed the basis for a second English edition based on the Japanese classification of gastric cancer by the JGCA[12] as well as Japanese gastric cancer treatment guidelines[13]. These guidelines describe the following groups of stomach LNs (Table 1, Figure 1).
According to the classification of gastric cancer by the JGCA (1998)[12], the stomach lymphatic system consists of three LN compartments. Each of these is a temporary barrier that prevents tumor cells from entering the lymphatic system. Grouping stomach lymph collectors into compartments created the basis for determining the gradation of category «N» at staging and a theoretical basis for the extension of LD according to tumor site as reported in the following table (Table 2)[12]. The LN groups 12b, p and above are classified as N3 - in the given classification—this is equivalent to distant metastases.
Of note, in the last version of tumor-node-metastasis (TNM) classification introduced by the Union for International Cancer Control (UICC)[14], category «N» is determined not by the topography but rather by the number of affected regional LNs. Accordingly, in the last version of JGCA guidelines (2011)[13], the extension of nodal dissection is defined according to the extension of gastric resection as reported in the following figures.
During distal subtotal gastrectomy, the lymph node dissection levels are as follows: (1) D0: LD in a volume less than D1; (2) D1: №1, 3, 4sb, 4d, 5, 6, 7; (3) D1 +: D1 plus №8a, 9; and (4) D2: D1 plus №8a, 9, 11p, 12a (Figure 2).
In gastrectomy, the lymph node dissection levels are as follows: (1) D0: LD in a volume less than D1; (2) D1: №1-7; (3) D1 +: D1 plus №8a, 9, 11p; and (4) D2: D1 plus №8a, 9, 10, 11p, 11d, 12a (Figure 3).
Levels of lymph node dissection in proximal subtotal gastrectomy: (1) D0: LD in a volume less than D1; (2) D1: №1, 2, 3a, 4sa, 4sb, 7; and (3) D1 +: D1 plus №8a, 9, 11p (Figure 4).
LD extended beyond these definitions are classified as D2 +. Their effectiveness remains controversial; therefore, they are currently not recommended for routine use in clinical practice[13].
Gastric cancer classification by JGCA (1998) has demonstrated its high efficiency in several clinical studies[5,15,16]. LN staging based on topography laid the grounds for JGCA’s classification. These are considered anatomical in contrast to the rather mechanistic quantitative approach of the UICC classification. This allows for consideration of disease propagation and for more accurate prognosis. In support of this thesis, the correlated survival of patients with lesions of various LN groups has been studiedpatients with the same number of regional lymphogenous metastases, survival differed depending on the LN collectors in which lesions were located[17]. Thus, localization as well as the quantity of metastatically-affected regional LNs has a probable prognostic value. According to Y. Noguchi[18], in N0, LN lesion groups 1-6 (N1 according JGCA), LN lesion groups 7-12 (N2), and LN groups 13-16 (N3), the 5-year survival rate was 85%, 60%, 25% and 11%, respectively.
A significant advantage of the second JGCA gastric cancer classification in terms of practical application is its direct link with the volume of lymph node dissection based on the staging principle of lymphogenous metastasis. Of note, the Japanese classification uses the term “regional lymph node.” This is defined not only by the lymph node topography, but also by the site of the primary tumor in the stomach; the UICC classification does not provide this differentiation.
Another obvious advantage of the classification offered by JGCA[12] lies in the possibility of extrapolating data about the regional LN condition into the UICC classification. The reverse conversion is not possible; therefore, it is not possible to conduct a comparative analysis of retrospective studies in a different series.
Western pathologists and surgeons criticize the Japanese GC classification mainly because of its complexity and also because precision mapping is laborious in practice. However, the Eastern and Western GC classifications are finally approaching each other. This tendency can be observed in the latest edition of the TNM UICC classification and the latest editions of the JCGA gastric cancer treatment guidelines[13,14].

DEBATE ON THE EXTENT OF LYMPHNODAL DISSECTION: EASTERN VS WESTERN POSITION
Results of a retrospective analysis of LD D2 were first published in Japan in 1970 by Mine et al[19]. The authors reported a slight increase in the survival rate among patients with pN0 and a probable increase in the 5-year survival rate from 10% to 21% in the group pN+. Similar results were reported in a study by Kodama et al[20], who indicated an increase in the 5-year survival rate from 33% to 58% in the entire group of patients.
In the 1970s and 1980s, Japanese surgeons developed a doctrine of aggressive preventive GC surgery based on the extended (D2) and super-extended (D3) LD volumes[21]. Concurrently, in Europe and the United States, the most common LD volume was D0-1. Due to the relatively lower GC incidence rates in the West, European and American surgeons continued to reframe the ideology and master the techniques of extended interventions in GC cases until the end of the 1990s. This eventually caused a scientific conflict between the Eastern and Western schools of surgical thought. Japanese surgeons used D2 LD in surgical practice, whereas European surgeons insisted on repetitive clinical trials in the European patient population. They reasoned that certain biological differences in GC were present in the “Eastern” type[22].
One of the most significant publications from that time was a study of a European population of patients with GC by Pacelli et al[23]. The authors reported a probable increase in the 5-year survival rate from 30% (D1, LD) to 49% (D2, 3 LD) for patients with stage III GC and from 50% to 65% in the entire group of patients.
Similar results were obtained by a group of German surgeons supervised by Siewert et al[24] during the course of a prospective multicentric trial of nearly 2500 patients. A probable increase in the survival rate was reported in patients with stages II-IIIA GC. However, in patients with pN2 (TNM UICC) or with extensive tumor invasion of the gastric serosa, D2 LD was not associated with increased survival.
Over time, researchers increasingly noted the low credibility of non-randomized studies. The results of the first randomized trials published by Dent et al[25] and Robertson et al[26] featured high rates of postoperative complications and mortality. However, the results did not provide high levels of credibility because of the small numbers of patients enrolled. The first large-scale randomized multicentric study of the efficacy of D2 LD in a population of European patients with GC was carried out in the 1990s.
This study, known as the Dutch trial[27], involved 1078 randomized patients and was organized by the Dutch Gastric Cancer Group. At the same time, the British MRS (Medical Research Society) carried out its own trial[28] with 400 randomized patients. The first results of these studies were preliminarily published in 1997 at the Second International Gastric Cancer Congress (IGCC) in Munich. However, the necessity of compliance with the full volume of D2 LD dramatically increased the frequency of splenectomies (up to 37% in the Dutch study and up to 65% in the British) and resections of the pancreas (30% in the Dutch study and 56% in the British) in all groups. These studies showed a dramatic increase in the number of postoperative complications after D2 LD (from 25% after performing D0-1 in the control group up to 43% in the Dutch trial and from 28% to 46% in the British trial). They also showed an increase in the postoperative mortality rate (from 4% to 10% in the Dutch trial and from 6.5% to 13% in the British trial)[27,28]. In the Eastern Asian series however, the rate of postoperative complications was 17%-21%[29,30]. The postoperative mortality rate after D2 LD in Eastern clinics was also significantly lower than in Europe—less than 2% in the Japanese nationwide registry[31] and less than 1%[30] or even zero[29] in specialized centers.
After a 5-year follow-up of European randomized studies, the expected increase in survival of D2 LD group was not achieved; the 5-year survival in the Dutch trial was 45% in group D1 LD and 47% in group D2 LD. In the British trial, it was 35% in group D1 LD and 33% in group D2 LD[32,33] (Figure 5).
Thus, the European oncology society preliminarily concluded that the extended LD volumes used in European GC patients were ineffective. This was based on evidence-based medicine and relied on the results of the two major Western randomized trials. However, a detailed analysis of this study and all potential reasons for the lack of a positive result were shown at the 1999 IGCC in Seoul. The summary of this analysis was later published in the New England Journal of Medicine[34]. Despite a good design and detailed statistical analysis, the study had some serious shortcomings that made the results ambiguous. These included: 
The large number of participating surgical centers (about 80 clinics), which resulted in surgeons obtaining an insufficient amount of practical experience in the surgical procedures required for the study. For instance, some surgeons performed fewer than 5 D2 LD surgeries per year. This not only potentially affected the level of postoperative complications and mortality, but also led to a reduction in LN removal in the course of D2 LD and consequently to a reduction in radical surgeries[34].
There was a lack of surgery standardization (there were no clear criteria for splenectomy or spleen-saving dissection of the 10th LN group, instrumental or manual anastomosis, etc.).
Conversely, surgeons participating in the randomized trial in Taiwan performed a minimum of 80 D2 LD surgeries before the study began. The results of that study revealed a possible increase in survival rates when extended volumes of LD were performed[35].
The median number of LNs removed is an important indicator of lymph node dissection quality. Significant geographic fluctuations of this indicator in the performance of D2 LD have now been established. There are diametrically polar indicators in European randomized trials. In the British study, the median number of removed LNs was 17[28]; in the Dutch study, the number was 30[32]. There were 25-26 LNs removed in the Western retrospective studies[36,37] and 54 LNs removed in Japanese specialized centers[30]. The minimum adequate number of LNs to be removed in gastric cancer surgeries—according to the requirements of TNM UICC (2009)[14]—is 15. This level of LD was provided in 86%[36] to 95%[37] of patients in the Western retrospective studies and in 100% of patients in the Japanese studies[30]. According to Siewert et al[24], the efficiency of LD execution can meet the standards of D2 only when a minimum of 26 LNs are removed.
The average frequency of metastatic lesions in LNs of group №10th (LNs of the splenic hilum) in various tumor sites in the stomach is 8.8%. Metastatic lesions in these LNs are likely to worsen the prognosis[38]. The application of splenectomy on principle including for LN dissection of the 10th group was not effective in patients with GC until recently. A small study conducted in Korea by Yu et al[39] demonstrated a tendency toward increased survival after splenectomy; however, this result was not statistically significant. A meta-analysis conducted in 2009 by Yang et al[40] also confirmed an increase in the 5-year survival rate of patients with GC after splenectomy. According to other authors[38], unless the tumor has invaded the spleen, splenectomy is necessary only in case of LN lesions in group №4sa. Therefore, despite the fact that LN dissection of the 10th group is regulated by the JGCA guidelines (2011)[13], the role of splenectomy as a standard stage of D2 LD remains controversial. The answer to this question will likely be clarified soon after the publication of the results of a large randomized trial investigating the efficacy of splenectomy in Japanese patients with cancer of the upper third of the stomach (JCOG 0110 that began in Japan in 2002)[41].
Despite the previous pessimistic results, H. Hartgrink et al[42] conducted a second analysis of the “Dutch material” in 2001. They found a significant increase in survival in group D2 LD, especially in patients with metastases in LNs of the first stage of metastasis (N1 by JGCA). After 15 years of observation of patients during the Dutch trial, no significant difference in survival between groups under observation has not been noted. However, when the most controversial group of patients with splenectomies and resection of the pancreatic gland was excluded from the analysis, the 15-year survival rate increased dramatically from 22% in D1 LD to 35% in D2 LD (P = 0.006)[43] (Figure 6).
In 2013, the results of meta-analysis obtained by 12 randomized controlled major European trials on LD D2 effectiveness were published. These clearly proved the thesis concerning an increased risk of postoperative complications with D2 LD and the possible increase in survival only in the group that did not have splenectomy and resection of the pancreatic gland[44]. Therefore, in the latest European oncology guidelines, D2 LD is the standard surgical procedure but only in highly specialized centers with extensive experience in such surgeries as well as postoperative care[45].
According to the Japanese guidelines on the gastric cancer treatment issued by JGCA (2011)[13], the algorithm of surgical treatment in patients with GC is as follows (Figure 7).
The amount of lymph node dissection required during surgical treatment of gastric cancer surgery has been quite controversial. Today, however, in light of evidence-based medicine, one can observe the results of this complex evolution of views: D2 LD is considered an unambiguous standard of GC surgical treatment in specialized centers according to national recommendations in Germany[46], the United Kingdom[47] and Italy[48] as well as mutual recommendations of the European Society of Medical Oncologists, Surgical Oncologists and Radiation Therapists (ESMO-ESSO-ESTRO)[45]. Such a consensus of the Eastern and Western surgical schools became possible due to the longstanding scientific and practical search for methods that would help improve the results of GC surgeries using evidence-based medicine[49]. In Western surgical terminology, D2 LD is now called a standard volume of intervention, whereas D2 + LD is an extended operation.
This debate into the effectiveness of extended (D2 + LD) interventions in GC cases remains open. A well-known clinical study conducted by M. Sasako et al.[34] did not demonstrate an increase in survival after D2 + para-aortic LD for patients with resectable GC. However, many recent studies have demonstrated the possibility of increased survival after the application of extended LD in a selected group of patients with a high risk of metastasis in LNs of the N°16 station[50, 51]. 
Furthermore, the effectiveness of laparoscopic D2 LD in GC cases remains undetermined. Today, clinical research is underway in the KLASS-2 trial, which aims to determine the effectiveness of such interventions. The impact of interventions with D1 +, D2 and D2 + LD on the risk of intraperitoneal progression of GC after surgery[6] remains unknown.

CONCLUSION
The data show that D2 LD can improve the prognosis in European GC patients, but only when the surgical quality of LD execution is adequate. As part of the 10th IGCC in 2013 in Verona, Italy, the former president of the European Society of Surgical Oncology (ESSO), Professor C. van de Velde, noted in his expert lecture that “the only way to improve the efficiency of surgical treatment of gastric cancer in Europe is to place patients in specialized surgical centers, provide training so that individual surgeons could specialize on the issue of LD D2 and an objective and permanent audit on quality of lymphadenectomy in each surgical center”.
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[image: Fig. 1.TIF]
Figure 1 Topography of stomach lymph node groups[12].

[image: Fig. 2.TIF]
Figure 2 Lymph node dissection levels in distal subtotal gastrectomy[13].


[image: Fig. 3.TIF]
Figure 3 Lymph node dissection levels in gastrectomy[13].
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Figure 4 Lymph node dissection levels in proximal subtotal gastrectomy[13].
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Figure 5 Patient survival in the Dutch trial[32].
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Figure 6 Survival of patients in the Dutch trial after a 15-yr observation[43].
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Figure 7 Algorithm of surgical treatment of patients with gastric cancer according to the guidelines provided by Japanese Gastric Cancer Association (2011)[13].



Table 1 The lymphatic system of the stomach[12]
	LN groups
	LN topography

	№1
	Right paracardiac LNs

	№2
	Left paracardiac LNs

	№3
	LNs along the lesser curvature

	№4sa
	LNs along the short gastric vessels

	№4sb
	LNs along the left gastroepiploic vessels

	№4d
	LNs along the right gastroepiploic vessels

	№5
	Suprapyloric LNs

	№6
	Infrapyloric LNs

	№7
	LNs along the left gastric artery

	№8а
	LNs along the common hepatic artery (Anterosuperior group)

	№9
	LNs at the celiac trunk

	№10
	LNs at the splenic hilum

	№11р
	LNs along the proximal splenic artery

	№11d
	LNs along the distal splenic artery

	№12a
	LNs in the hepatoduodenal ligament (along the hepatic artery)

	№12b
	LNs in the hepatoduodenal ligament (along the bile duct)

	№12р
	LNs in the hepatoduodenal ligament (behind the portal vein)

	№13
	Retro-pancreaticoduodenal LNs

	№14а
	LNs along the superior mesenteric artery

	№14v
	LNs along the superior mesenteric vein

	№15
	LNs along the middle colic vessels

	№16
	Para-aortic LNs

	№17
	LNs on the anterior surface of the pancreatic head

	№18
	LNs along the inferior margin of the pancreas

	№19
	Infradiaphragmatic LNs

	№20
	LNs in the esophageal hiatus of the diaphragm


LNs: Lymph nodes.
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Table 2 Lymph node groups (Compartments 1-3) by location of tumor
	Location lymph node station
	LMU / MUL MLU / UML
	LD / L
	LM / M / ML
	MU / UM
	U
	E+

	No. 1 rt paracardial
	1
	2
	1
	1
	1
	

	No. 2 lt paracardial
	1
	M
	3
	1
	1
	

	No. 3 lesser curvature
	1
	1
	1
	1
	1
	

	No. 4sa short gastric
	1
	M
	3
	1
	1
	

	No. 4sb lt gastroepiploic
	1
	3
	1
	1
	1
	

	No. 4d rt gastroepiploic
	1
	1
	1
	1
	2
	

	No. 5 suprapyloric
	1
	1
	1
	1
	3
	

	No. 6 infrapyloric
	1
	1
	1
	1
	3
	

	No. 7 lt gastric artery
	2
	2
	2
	2
	2
	

	No. 8a ant comm hepatic
	2
	2
	2
	2
	2
	

	No. 8b post comm hepatic
	3
	3
	3
	3
	3
	

	No. 9 celiac artery
	2
	2
	2
	2
	2
	

	No. 10 splenic hilum
	2
	M
	3
	2
	2
	

	No. 11p proximal splenic
	2
	2
	2
	2
	2
	

	No. 11d distal splenic
	2
	M
	3
	2
	2
	

	No. 12a lt hepatoduodenal
	2
	2
	2
	2
	3
	

	No. 12b,p post hepatoduod
	3
	3
	3
	3
	3
	

	No. 13 retropancreatic
	3
	3
	3
	M
	M
	

	No. 14v sup mesenteric v.
	2
	2
	3
	3
	M
	

	No. 14a sup mesenteric a.
	M
	M
	M
	M
	M
	

	No. 15 middle colic
	M
	M
	M
	M
	M
	

	No. 16a1 aortic hiatus
	M
	M
	M
	M
	M
	

	No. 16a2,b1 paraaortic, middle
	3
	3
	3
	3
	3
	

	No. 16b2 paraaortic, caudal
	M
	M
	M
	M
	M
	

	No. 17 ant pancreatic
	M
	M
	M
	M
	M
	

	No. 18 inf pancreatic
	M
	M
	M
	M
	M
	

	No. 19 infradiaphragmatic
	3
	M
	M
	3
	3
	2

	No. 20 esophageal hiatus
	3
	M
	M
	3
	3
	1

	No. 110 lower paraesophag
	M
	M
	M
	M
	M
	3

	No. 111 supradiaphragmatic
	M
	M
	M
	M
	M
	3

	No. 112 post mediastinal
	M
	M
	M
	M
	M
	3


[bookmark: _GoBack]M: Lymph nodes regarded as distant metastasis.
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