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Abstract

Lymph node involvement is one of the most important prognostic indicators of carcinoma of the digestive tract. Although the therapeutic impact of lymphadenectomy has not been proven and the number of retrieved nodes cannot be considered a measure of successful cancer surgery, an adequate lymph node count should be guaranteed to accurately assess the N-stage through the number of involved nodes, lymph node ratio, number of negative nodes, ratio of negative to positive nodes, and log odds, i.e., the log of the ratio between the number of positive lymph nodes and the number of negative lymph nodes in digestive carcinomas. As lymphadenectomy is not without complications, sentinel node mapping has been used as the rational procedure to select patients with early digestive carcinoma in whom nodal dissection may be omitted or a more limited nodal dissection may be preferred. However, due to anatomical and technical issues, sentinel node mapping and nodal basin dissection are not yet the standard of care in early digestive cancer. Moreover, in light of the biological, prognostic and therapeutic impact of tumor budding and tumor deposits, two epithelial-mesenchymal transition-related phenomena that are involved in tumor progression, the role of staging and surgical procedures in digestive carcinomas could be redefined. 
( 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: We summarize the current knowledge on the assessment of nodal status and nodal staging in digestive carcinomas and highlight the prognostic impact of two epithelial-mesenchymal transition-related phenomena, tumor budding and tumor deposits, that are involved in tumor progession. In light of the biological, prognostic and therapeutic impact of these phenomena the role of staging and surgical procedures in digestive carcinoma could be reevaluated and redefined.
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INTRODUCTION
Lymph node involvement is one of the most important prognostic indicators of carcinoma of the digestive tract. In contrast to Eastern countries, in Western countries lymph node involvement is not considered to be a prognostic "governor" and the therapeutic impact of lymphadenectomy is not acknowledged. Recent advances in minimally invasive treatment procedures for cancer have promoted their application for the assessment of lymph node status (positive/negative), i.e., sentinel node mapping and biopsy. In addition, other prognostic factors related to epithelial-mesenchymal transition (EMT) that are involved in tumor progression such as tumor budding and tumor deposits have been gaining ground.
Here, we review the current knowledge on these issues and highlight the need for a redefinition of the role of surgical and staging procedures in digestive cancer surgery in light of recent advances in our understanding of the biology of tumor progression.

NUMBER OF EXAMINED NODES, LYMPH NODE RATIO, LOG ODDS 
Several studies have shown an association between the number of excised nodes and overall survival, providing evidence that examination of an insufficient number of lymph nodes (LNs) may have a detrimental effect on survival in patients with gastrointestinal carcinoma[1,2]. However, much of this appears to be the effect of stage migration, which impacts the stage-specific survival without affecting overall survival[3]. Variations in patient demographics, tumor location and tumor biology raise questions regarding the evidence for a minimum LN harvest[1,4]. In gastric cancer, the stage migration effect is most striking when fewer than 10 LNs are assessed, but it is still present with a greater number of examined LNs[5,6]. Therefore, although current guidelines support the assessment of a minimum of 16 LNs, examination of more LNs is necessary to reduce the stage migration effect[1]. In colorectal cancer, the aim should be to collect as many LNs as possible to improve staging and increase survival. In fact, particularly following neo-adjuvant treatment for rectal cancer, downstaging with fewer LNs implies a positive treatment response and a more favorable prognosis[4].
An association between better postoperative long-term survival and a greater number of dissected nodes has also been reported in patients with several N0 digestive malignancies, including esophageal[7], gastric[8], colorectal[9], and pancreatic carcinomas[10,11]. This may be due to a not negligible rate of nodal micrometastasis, and the probability of missing a positive LN decreases as the number of examined LNs increases, i.e., the Will Rogers phenomenon[7,9,12]. In patients with node negative gastric cancer, a prophylactic D2 lymphadenectomy[8,13] with almost 16 LNs examined[12] seems to be effective, although retrieval of more than 25 nodes has been suggested[14]. The removal of at least 18 LNs during an esophagectomy with curative intent results in improved survival in esophageal cancer, particularly in patients with adenocarcinoma[7]. In N0 pancreatic carcinoma, examination of more than 10 LNs has been associated with improved survival[10]. In stage II (T3-4N0) colorectal cancer, current guidelines consider a number of harvested LNs of less than 12 an indication to perform adjuvant chemotherapy. Then, harvesting of less than 12 LNs allows a better prognostic stratification of stage IIa (T3N0) patients for postoperative treatment[9,15]. On the basis of statistical considerations, the current recommended goal of 12−15 recovered lymph nodes without evidence of metastatic disease provides approximately 80% negative predictive value for colorectal carcinoma metastasis[16]. However, the clinical significance of micrometastasis [pN1(mi), i.e., tumor cell clusters of > 0.2 mm but ≤ 2 mm) and isolated tumor cells [pN0(i), i.e., single tumor cells or small clusters of cells of ≤ 0.2 mm in greatest extent that can be detected by routine hematoxylin and eosin (HE) stains or immunohistochemistry (HIC) or clusters of ≤ 200 cells in a single histological cross-section)[17] in gastrointestinal carcinoma remains unclear[18]. In early and advanced pN0 gastric cancer, the occurrence of nodal micrometastasis was shown to have no impact on prognosis[19]; however, other studies showed that LN micrometastasis was one of the most important prognostic factors in multivariate survival analysis of pT1N0[20], and the prognosis was significantly poorer in patients with isolated tumor cells than in those without them[21]. A recent systematic review and meta-analysis reported that molecular detection of tumor cells (isolated tumor cells and/or micrometastasis) in regional lymph nodes is associated with an increased risk of disease recurrence and poor survival in patients with N0 colorectal cancer[22].
 In N+ digestive carcinomas, lymph node ratio (LNR) is a better prognostic factor than number of metastatic nodes (pN), and it may minimize the stage migration effect[23-28] because it is assumed to be constant regardless of the number of examined nodes[29]. However, LNR stages can be more accurately differentiated with a large number (> 15) of examined nodes[11,30–32]. Negative node count has been proposed as a prognostic indicator in patients with gastric cancer based on the assumption that nodal metastasis and micrometastasis cannot be prevented without adequate negative node dissection[33,34]. A negative lymph node count has been associated with improved survival in colorectal cancer patients, independent of patient, pathologic and molecular characteristics; however, the beneficial effects of a negative count are stronger in stage 1-2 patients than in stage 3-4 patients[35]. Moreover, a straight ratio between negative and positive lymph nodes (RNPL), which provides direct information on nodal metastasis, micro-metastasis, and the immune condition of the patient, could be more accurate than LNR for the prognostic evaluation of curatively resected gastric cancer[36]. At the same time, the log odds of positive lymph nodes (LODDS), i.e., the log of the ratio between the number of positive LNs and the number of negative LNs, is superior to the pN+ and LNR classifications for prognostic assessment in gastric and colorectal carcinoma[37,38]. In effect, LODDS is a function of the number of negative LNs whereas LNR is a function of the total number of LNs[39] . Moreover, LNR is not applicable to pN0 patients whereas LODDS is a useful lymph node classification for pN0 patients because it can discriminate between subgroups with different survival rates[38]. With respect to the pN and LNR classifications, LODDS has shown more power for minimizing the stage migration phenomenon caused by an insufficient number of retrieved nodes[38,40]. 
The prognostic power of the number of involved nodes in patients with digestive carcinomas is limited. Furthermore, although the therapeutic impact of lymphadenectomy has not been proven and the number of retrieved nodes cannot be considered a measure of successful cancer surgery, an adequate LN count should be guaranteed to accurately assess the N-stage through the number of involved nodes, LNR, number of negative nodes, ratio of negative to positive nodes, and LODDS in digestive carcinomas[4,41]. In fact, in Western countries, D2 lymphadenectomy is gradually becoming the recommended surgical approach for patients with resectable gastric cancer[11,42,43], and total mesorectal excision (TME) is the recommended procedure for extraperitoneal rectal carcinoma. However, because lymphadenectomy is not without complications and institutional screening programs leading to the detection of cancer at an early stage have increased the prevalence rate of clinical N0 tumors, sentinel node (SLN) mapping has been used as the rational procedure to select patients in whom nodal dissection may be omitted or a more limited nodal dissection may be preferred.
Sentinel node mapping and biopsy

Recent meta-analyses have shown acceptable SLN detection rates and accurate determination of lymph node status in gastric cancer[44,45]. However, SLN mapping and nodal basin dissection are not yet the standard of care in early gastric cancer because of several unsolved anatomical (skip metastasis, multidirectional lymphatic drainage patterns) and technical (dye method, radio-colloid method or combination of the dye method and radio-colloid method) issues that may impact the detection rates and false negative rates. Moreover, there is another problem regarding the pathological diagnosis of SLN metastasis, including micrometastasis. Pathologic examination of SLNs has not been standardized in gastric cancers[46]. Serial sectioning results in a more accurate evaluation of metastases; however it is time-consuming. HE staining and IHC have been used in combination with serial section of frozen and paraffin-embedded specimens, for the detection of micrometastatic disease in SLNs[47]. Occult metastasis in SLN were detected in 4% of pN0 gastric cancer patients using IHC in the 5-μm thick serial step sections at 85-μm intervals of whole formalin-fixed paraffin-embedded tissues of all resected SLN[48]. Highly sensitive real time real-time reverse transcription polymerase chain reaction (RT-PCR) system which enables rapid analysis to detect the mRNA of CK19, CK20 and carcinoembrionic antigen[49] and one-step nucleic acid amplification (OSNA) assay[50] are promising tools for intraoperative diagnosis of SLN involvement in gastric cancer. In rectal carcinoma, the “in vivo” procedure of sentinel node mapping and biopsy entails breaking the mesorectal fascia intraoperatively to search for and dissect the SLNs. However, from a surgical point of view, the preservation of the integrity of the mesorectal fascia during rectal excision is necessary to minimize the risk of both residual tumor and relapses, and this assumption is the basis of the TME technique. The aim of the currently adopted SLN mapping procedure in colorectal carcinoma is not to avoid extended nodal dissection and therefore related morbidities, but rather to improve the sensitivity of the histopathological evaluation through the selective application of serial step sectioning, immunohistochemistry, and/or RT-PCR techniques, and “ex vivo” techniques of sentinel node mapping have been developed for this goal[51]. We observed that this ex vivo sentinel node procedure is an effective method for improving nodal staging in clinically node-negative colorectal carcinoma by immunohistochemical detection of micrometastasis in SLNs. However, it is not useful for the detection of satellites (i.e., of the presence of macroscopic or microscopic tumor deposits in pericolorectal adipose tissue), which should be assessed by TNM staging of colorectal cancers[52]. Moreover, the “in vivo” and “ex vivo” procedures are associated with a identification rate of 90% and a sensitivity of less than 70%[53]. Advances in imaging technologies could allow a more accurate preoperative detection of SLNs than the current dye- or radio-guided methods. Moreover, new dye-guided intraoperative technologies might revolutionize SLN mapping procedure in gastrointestinal cancers. Indocyanine green (ICG) infrared or fluorescence imaging may identify a higher number of SLNs than radio-guided methods because the particle size of dyes is smaller than that of radioactive colloids. In gastric cancer ICG infrared imaging is an useful tool in laparoscopic detection of SLNs. ICG fluorescence imaging is feasible even by preoperative ICG injection such as 1 or 3 d before surgery; it is also feasible in laparoscopy-assisted gastrectomy via a small laparotomy[47]. There is only limited experience with the application of ICG fluorescence guided SLN mapping in colon cancer. The method has been shown as feasible and safe but further analyses in larger series are necessary to determine its definitive role in colon cancer patients[54].
The rationale for performing SLN mapping and biopsy is to determine the N status in tumors in which the N status may impact the prognosis, thus potentially avoiding unnecessary lymphadenectomy. This is possible if the determination of N status is accurate, i.e., when the SLN procedure has acceptable false-negative rates. Actually, in pN0 cases, a greater number of retrieved nodes have a beneficial impact on outcome, and a false-negative rate of SLN determination is common in gastrointestinal carcinomas. Moreover, apart from anatomical, technical, surgical and pathological issues, in light of the latest knowledge about the biology of tumor progression, determination of N status by the sentinel node mapping procedure, leaving out of consideration currently emerging progression-related phenomena, may not be sufficient for prognostic evaluation. 
EPITHELIAL-MESENCHYMAL TRANSITION-RELATED PHENOMENA OF TUMOR PROGRESSION: TUMOR BUDDING AND TUMOR DEPOSITS
Two epithelial-mesenchymal transition (EMT)-related phenomena involved in cancer progression have been recently shown to have prognostic impact: tumor budding (TB), which is the presence of de-differentiated, isolated single cells or small cell clusters (up to five cells) scattered in the stroma at the invasive front of the tumor[55]; and the formation of tumor deposits (TDs, satellites), which are macroscopic or microscopic nests or nodules found in the lymph drainage area of a primary carcinoma without evidence of residual lymph nodes in the nodule. TDs may represent discontinuous spread, venous invasion or a totally replaced lymph node[17].

The EMT process allows an epithelial cell to assume a more mesenchymal phenotype with increased migratory capacity, invasiveness, resistance to apoptosis and production of extracellular matrix molecules[56]. Loss of E-cadherin, a transmembrane glycoprotein localized in the adherens junction of epithelial cells, is a key event in EMT, enabling tumor cells to migrate, invade and metastasize[57]. Interestingly, the first step in a tumor bud's life seems to be its detachment from the main tumor body by loss of membranous expression of the adhesion molecule E-cadherin[58]. TB has been observed in gastrointestinal carcinomas including colorectal, esophageal, gastric, ampullary and pancreatic carcinomas[55,59-65]. Although the definition of "high-grade budding" (i.e., 10 buds in a 25× field) by Ueno et al[55] is the most widely applied, there are no well-defined, evidence-based criteria for quantitative (i.e., optimal cut-off and field diameter) and qualitative assessment of TB[66]. In colorectal carcinoma, TB is an independent predictor of tumor progression and outcome, especially in stage II (T1-3 N0) tumors, in which high TB may be used as a high-risk criterion to select patients for adjuvant therapy[66-67]. In pancreatic carcinoma, high grade TB has been identified as an independent and highly unfavorable prognostic factor. Moreover, TB is associated with more aggressive phenotypes such as advanced pT classification and lymphatic invasion[65]. In esophageal squamous cell carcinoma, TB is a significant prognostic factor for patients who underwent surgery alone[61], and high grade TB has been reported to be the most important predictor of poor prognosis in patients who received chemotherapy followed by surgery[62]. Moreover, tumor buds could be used as a potential target for new therapeutic approaches[58,65].
TDs have been detected in various types of carcinomas other than colorectal carcinoma, including gastric, pancreatic, gallbladder and bile duct carcinomas[68]. The latest TNM classification of colorectal carcinoma has categorized TDs as N1c[17]. However, the nature of TDs as well as their histopathological definition and prognostic classification regarding T, N, or M categories are debated[69-71]. Several authors support the inclusion of TDs in the staging of gastric cancer[70-72]. Snail and Twist are transcriptional repressors of E-cadherin and EMT inducers. In colorectal cancer, overexpression of Twist enhances TD formation, and upregulation of Snail expression contributes to lymph node metastasis through two different molecular pathways, both involving EMT by repression of the membranous expression of E-cadherin: Twist-EMT-TDs and Snail-EMT-LN metastasis[73]. Overexpression of Snail and Twist has been shown in pancreatic carcinoma[74]. Therefore, the occurrence of TB and formation of TDs seems to be the result of different steps in tumor progression promoted by EMT. Although the precise involvement of the EMT process in tumor progression is not well understood, the existence of other progression-related phenomena with biological, prognostic and therapeutic impact between the primitive tumor (T) and its regional nodal (N) and distant metastasis (M) is undeniable. In digestive cancers the role of staging and surgical procedures could be re-evaluated and redefined on the perspective of the biological, prognostic and therapeutic impact of these tumor progression-related phenomena.
REFERENCES
1 Seevaratnam R, Bocicariu A, Cardoso R, Yohanathan L, Dixon M, Law C, Helyer L, Coburn NG. How many lymph nodes should be assessed in patients with gastric cancer? A systematic review. Gastric Cancer 2012; 15 Suppl 1: S70-S88 [PMID: 22895615 DOI: 10.1007/s10120-012-0169-y]

2 Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA. Lymph node evaluation and survival after curative resection of colon cancer: systematic review. J Natl Cancer Inst 2007; 99: 433-441 [PMID: 17374833 DOI: 10.1093/jnci/djk092]

3 Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenomenon. Stage migration and new diagnostic techniques as a source of misleading statistics for survival in cancer. N Engl J Med 1985; 312: 1604-1608 [PMID: 4000199 DOI: 10.1056/NEJM198506203122504]

4 McDonald JR, Renehan AG, O'Dwyer ST, Haboubi NY. Lymph node harvest in colon and rectal cancer: Current considerations. World J Gastrointest Surg 2012; 4: 9-19 [PMID: 22347537 DOI: 10.4240/wjgs.v4.i1.9]

5 Bouvier AM, Haas O, Piard F, Roignot P, Bonithon-Kopp C, Faivre J. How many nodes must be examined to accurately stage gastric carcinomas? Results from a population based study. Cancer 2002; 94: 2862-2866 [PMID: 12115373 DOI: 10.1002/cncr.10550]

6 Smith DD, Schwarz RR, Schwarz RE. Impact of total lymph node count on staging and survival after gastrectomy for gastric cancer: data from a large US-population database. J Clin Oncol 2005; 23: 7114-7124 [PMID: 16192595 DOI: 10.1200/JCO.2005.14.621]

7 Greenstein AJ, Litle VR, Swanson SJ, Divino CM, Packer S, Wisnivesky JP. Effect of the number of lymph nodes sampled on postoperative survival of lymph node-negative esophageal cancer. Cancer 2008; 112: 1239-1246 [PMID: 18224663 DOI: 10.1002/cncr.23309]

8 Son T, Hyung WJ, Lee JH, Kim YM, Kim HI, An JY, Cheong JH, Noh SH. Clinical implication of an insufficient number of examined lymph nodes after curative resection for gastric cancer. Cancer 2012; 118: 4687-4693 [PMID: 22415925 DOI: 10.1002/cncr.27426]

9 La Torre M, Lorenzon L, Pilozzi E, Barucca V, Cavallini M, Ziparo V, Ferri M. Number of harvested lymph nodes is the main prognostic factor in Stage IIa colorectal cancer patients. J Surg Oncol 2012; 106: 469-474 [PMID: 22457084 DOI: 10.1002/jso.23101]

10 Hellan M, Sun CL, Artinyan A, Mojica-Manosa P, Bhatia S, Ellenhorn JD, Kim J. The impact of lymph node number on survival in patients with lymph node-negative pancreatic cancer. Pancreas 2008; 37: 19-24 [PMID: 18580439 DOI: 10.1097/MPA.0b013e31816074c9]

11 Valsangkar NP, Bush DM, Michaelson JS, Ferrone CR, Wargo JA, Lillemoe KD, Fernández-del Castillo C, Warshaw AL, Thayer SP. N0/N1, PNL, or LNR? The effect of lymph node number on accurate survival prediction in pancreatic ductal adenocarcinoma. J Gastrointest Surg 2013; 17: 257-266 [PMID: 23229885 DOI: 10.1007/s11605-012-1974-7]
 12 Xu D, Huang Y, Geng Q, Guan Y, Li Y, Wang W, Yuan S, Sun X, Chen Y, Li W, Zhou Z, Zhan Y. Effect of lymph node number on survival of patients with lymph node-negative gastric cancer according to the 7th edition UICC TNM system. PLoS One 2012; 7: e38681 [PMID: 22723875 DOI: 10.1371/journal.pone.0038681]

13 Sun D, Gong R, Wu H. Do patients with pN0 gastric cancer benefit from prophylactic extended lymphadenectomy? Surg Oncol 2012; 21: e7-11 [PMID: 22071221 DOI: 10.1016/j.suronc.2011.10.002]

14 Baiocchi GL, Tiberio GA, Minicozzi AM, Morgagni P, Marrelli D, Bruno L, Rosa F, Marchet A, Coniglio A, Saragoni L, Veltri M, Pacelli F, Roviello F, Nitti D, Giulini SM, De Manzoni G. A multicentric Western analysis of prognostic factors in advanced, node-negative gastric cancer patients. Ann Surg 2010; 252: 70-73 [PMID: 20562605 DOI: 10.1097/SLA.0b013e3181e4585e]

15 National Comprehensive Cancer Network (NCCN). Clinical practice guidelines in oncology Colon Cancer Version 2.2013

16 Denham LJ, Kerstetter JC, Herrmann PC. The complexity of the count: considerations regarding lymph node evaluation in colorectal carcinoma. J Gastrointest Oncol 2012; 3: 342-352 [PMID: 23205311 DOI: 10.3978/j.issn.2078-6891.2012.027]

17 Sobin LH, Gospodarowicz MK, Wittekind Ch. UICC International Union Against Cancer. TNM Classification of malignant tumours. 7th edn.New York: Wiley-Liss Publications, 2009

18 Arigami T, Uenosono Y, Yanagita S, Nakajo A, Ishigami S, Okumura H, Kijima Y, Ueno S, Natsugoe S. Clinical significance of lymph node micrometastasis in gastric cancer. Ann Surg Oncol 2013; 20: 515-521 [PMID: 22546997 DOI: 10.1245/s10434-012-2355-x]

19 Morgagni P, Saragoni L, Scarpi E, Zattini PS, Zaccaroni A, Morgagni D, Bazzocchi F. Lymph node micrometastases in early gastric cancer and their impact on prognosis. World J Surg 2003; 27: 558-561 [PMID: 12715223 DOI: 10.1007/s00268-003-6797-y]

20 Cao L, Hu X, Zhang Y, Huang G. Adverse prognosis of clustered-cell versus single-cell micrometastases in pN0 early gastric cancer. J Surg Oncol 2011; 103: 53-56 [PMID: 21031429 DOI: 10.1002/jso.21755]

21 Yonemura Y, Endo Y, Hayashi I, Kawamura T, Yun HY, Bandou E. Proliferative activity of micrometastases in the lymph nodes of patients with gastric cancer. Br J Surg 2007; 94: 731-736 [PMID: 17377930 DOI: 10.1002/bjs.5604]

22 Rahbari NN, Bork U, Motschall E, Thorlund K, Büchler MW, Koch M, Weitz J. Molecular detection of tumor cells in regional lymph nodes is associated with disease recurrence and poor survival in node-negative colorectal cancer: a systematic review and meta-analysis. J Clin Oncol 2012; 30: 60-70 [PMID: 22124103 DOI: 10.1200/JCO.2011.36.9504]

23 Zhou Y, Zhang J, Cao S, Li Y. The evaluation of metastatic lymph node ratio staging system in gastric cancer. Gastric Cancer 2013; 16: 309-317 [PMID: 22945599 DOI: 10.1007./s10120-012-0190-1]
24 Marchet A, Mocellin S, Ambrosi A, de Manzoni G, Di Leo A, Marrelli D, Roviello F, Morgagni P, Saragoni L, Natalini G, De Santis F, Baiocchi L, Coniglio A, Nitti D. The prognostic value of N-ratio in patients with gastric cancer: validation in a large, multicenter series. Eur J Surg Oncol 2008; 34: 159-165 [PMID: 17566691 DOI: 10.1016/j.ejso.2007.04.018]

25 Pawlik TM, Gleisner AL, Cameron JL, Winter JM, Assumpcao L, Lillemoe KD, Wolfgang C, Hruban RH, Schulick RD, Yeo CJ, Choti MA. Prognostic relevance of lymph node ratio following pancreaticoduodenectomy for pancreatic cancer. Surgery 2007; 141: 610-618 [PMID: 17462460 DOI: 10.1016/j.surg.2006.12.013]

26 Riediger H, Keck T, Wellner U, zur Hausen A, Adam U, Hopt UT, Makowiec F. The lymph node ratio is the strongest prognostic factor after resection of pancreatic cancer. J Gastrointest Surg 2009; 13: 1337-1344 [PMID: 19418101 DOI: 10.1007/s11605-009-0919-2]

27 Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer RJ, Macdonald JS, Catalano PJ, Haller DG. Colon cancer survival is associated with decreasing ratio of metastatic to examined lymph nodes. J Clin Oncol 2005; 23: 8706-8712 [PMID: 16314630 DOI: 10.1200/JCO.2005.02.8852]

28 Liu YP, Ma L, Wang SJ, Chen YN, Wu GX, Han M, Wang XL. Prognostic value of lymph node metastases and lymph node ratio in esophageal squamous cell carcinoma. Eur J Surg Oncol 2010; 36: 155-159 [PMID: 19854606 DOI: 10.1016/j.ejso.2009.09.005]

29 Marchet A, Mocellin S, Ambrosi A, Morgagni P, Garcea D, Marrelli D, Roviello F, de Manzoni G, Minicozzi A, Natalini G, De Santis F, Baiocchi L, Coniglio A, Nitti D. The ratio between metastatic and examined lymph nodes (N ratio) is an independent prognostic factor in gastric cancer regardless of the type of lymphadenectomy: results from an Italian multicentric study in 1853 patients. Ann Surg 2007; 245: 543-552 [PMID: 17414602 DOI: 10.1097/01.sla.0000250423.43436.e1]

30 Kong SH, Lee HJ, Ahn HS, Kim JW, Kim WH, Lee KU, Yang HK. Stage migration effect on survival in gastric cancer surgery with extended lymphadenectomy: the reappraisal of positive lymph node ratio as a proper N-staging. Ann Surg 2012; 255: 50-58 [PMID: 21577089 DOI: 10.1097/SLA.0b013e31821d4d75]

31 Wang J, Hassett JM, Dayton MT, Kulaylat MN. Lymph node ratio: role in the staging of node-positive colon cancer. Ann Surg Oncol 2008; 15: 1600-1608 [PMID: 18327530 DOI: 10.1245/s10434-007-9716-x]

32 Pedrazzani C, Sivins A, Ancans G, Marrelli D, Corso G, Krumins V, Roviello F, Leja M. Ratio between metastatic and examined lymph nodes (N ratio) may have low clinical utility in gastric cancer patients treated by limited lymphadenectomy: results from a single-center experience of 526 patients. World J Surg 2010; 34: 85-91 [PMID: 20020295 DOI: 10.1007/s00268-009-0288-8]

33 Deng J, Liang H, Wang D, Sun D, Ding X, Pan Y, Liu X. Enhancement the prediction of postoperative survival in gastric cancer by combining the negative lymph node count with ratio between positive and examined lymph nodes. Ann Surg Oncol 2010; 17: 1043-1051 [PMID: 20039218 DOI: 10.1245/s10434-009-0863-0]

34 Deng J, Liang H. Discussion of the applicability of positive lymph node ratio as a proper N-staging for predication the prognosis of gastric cancer after curative surgery plus extended lymphadenectomy. Ann Surg 2012; 256: e35-e6; author reply e35-e6; [PMID: 23154399 DOI: 10.1097/SLA.0b013e3182769545]

35 Ogino S, Nosho K, Irahara N, Shima K, Baba Y, Kirkner GJ, Mino-Kenudson M, Giovannucci EL, Meyerhardt JA, Fuchs CS. Negative lymph node count is associated with survival of colorectal cancer patients, independent of tumoral molecular alterations and lymphocytic reaction. Am J Gastroenterol 2010; 105: 420-433 [PMID: 19809407 DOI: 10.1038/ajg.2009.578]

36 Deng J, Sun D, Pan Y, Zhang L, Zhang R, Wang D, Hao X, Liang H. Ratio between negative and positive lymph nodes is suitable for evaluation the prognosis of gastric cancer patients with positive node metastasis. PLoS One 2012; 7: e43925 [PMID: 22952812 DOI: 10.1371/journal.pone.0043925]

37 Qiu MZ, Qiu HJ, Wang ZQ, Ren C, Wang DS, Zhang DS, Luo HY, Li YH, Xu RH. The tumor-log odds of positive lymph nodes-metastasis staging system, a promising new staging system for gastric cancer after D2 resection in China. PLoS One 2012; 7: e31736 [PMID: 22348125 DOI: 10.1371/journal.pone.0031736]

38 Persiani R, Cananzi FC, Biondi A, Paliani G, Tufo A, Ferrara F, Vigorita V, D'Ugo D. Log odds of positive lymph nodes in colon cancer: a meaningful ratio-based lymph node classification system. World J Surg 2012; 36: 667-674 [PMID: 22270984 DOI: 10.1007/s00268-011-1415-x]

39 Wang W, Xu DZ, Li YF, Guan YX, Sun XW, Chen YB, Kesari R, Huang CY, Li W, Zhan YQ, Zhou ZW. Tumor-ratio-metastasis staging system as an alternative to the 7th edition UICC TNM system in gastric cancer after D2 resection--results of a single-institution study of 1343 Chinese patients. Ann Oncol 2011; 22: 2049-2056 [PMID: 21310759 DOI: 10.1093/annonc/mdq716]

40 Sun Z, Xu Y, Li de M, Wang ZN, Zhu GL, Huang BJ, Li K, Xu HM. Log odds of positive lymph nodes: a novel prognostic indicator superior to the number-based and the ratio-based N category for gastric cancer patients with R0 resection. Cancer 2010; 116: 2571-2580 [PMID: 20336791 DOI: 10.1002/cncr.24989]

41 Showalter TN, Winter KA, Berger AC, Regine WF, Abrams RA, Safran H, Hoffman JP, Benson AB, MacDonald JS, Willett CG. The influence of total nodes examined, number of positive nodes, and lymph node ratio on survival after surgical resection and adjuvant chemoradiation for pancreatic cancer: a secondary analysis of RTOG 9704. Int J Radiat Oncol Biol Phys 2011; 81: 1328-1335 [PMID: 20934270 DOI: 10.1016/j.ijrobp.2010.07.1993]

42 Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgical treatment of gastric cancer: 15-year follow-up results of the randomised nationwide Dutch D1D2 trial. Lancet Oncol 2010; 11: 439-449 [PMID: 20409751 DOI: 10.1016/S1470-2045(10)70070-X]

43 Seevaratnam R, Bocicariu A, Cardoso R, Mahar A, Kiss A, Helyer L, Law C, Coburn N. A meta-analysis of D1 versus D2 lymph node dissection. Gastric Cancer 2012; 15 Suppl 1: S60-S69 [PMID: 22138927 DOI: 10.1007/s10120-011-0110-9]

44 Cardoso R, Bocicariu A, Dixon M, Yohanathan L, Seevaratnam R, Helyer L, Law C, Coburn NG. What is the accuracy of sentinel lymph node biopsy for gastric cancer? A systematic review. Gastric Cancer 2012; 15 Suppl 1: S48-S59 [PMID: 22262403 DOI: 10.1007/s10120-011-0103-8]

45 Wang Z, Dong ZY, Chen JQ, Liu JL. Diagnostic value of sentinel lymph node biopsy in gastric cancer: a meta-analysis. Ann Surg Oncol 2012; 19: 1541-1550 [PMID: 22048632 DOI: 10.1245/s10434-011-2124-2]

46 Lee HS, Lee HE, Park do J, Park YS, Kim HH. Precise pathologic examination decreases the false-negative rate of sentinel lymph node biopsy in gastric cancer. Ann Surg Oncol 2012; 19: 772-778 [PMID: 21979113 DOI: 10.1245/s10434-011-2106-4]

47 Takeuchi H, Kitagawa Y. New sentinel node mapping technologies for early gastric cancer. Ann Surg Oncol 2013; 20: 522-532 [PMID: 22941161 DOI: 10.1245/s10434-012-2602-1]

48 Morita D, Tsuda H, Ichikura T, Kimura M, Aida S, Kosuda S, Inazawa J, Mochizuki H, Matsubara O. Analysis of sentinel node involvement in gastric cancer. Clin Gastroenterol Hepatol 2007; 5: 1046-1052 [PMID: 17632042 DOI: 10.1016/j.cgh.2007.05.001]

49 Shimizu Y, Takeuchi H, Sakakura Y, Saikawa Y, Nakahara T, Mukai M, Kitajima M, Kitagawa Y. Molecular detection of sentinel node micrometastases in patients with clinical N0 gastric carcinoma with real-time multiplex reverse transcription-polymerase chain reaction assay. Ann Surg Oncol 2012; 19: 469-477 [PMID: 22065193 DOI: 10.1245/s10434-011-2122-4]

50 Kumagai K, Yamamoto N, Miyashiro I, Tomita Y, Katai H, Kushima R, Tsuda H, Kitagawa Y, Takeuchi H, Mukai M, Mano M, Mochizuki H, Kato Y, Matsuura N, Sano T. Multicenter study evaluating the clinical performance of the OSNA assay for the molecular detection of lymph node metastases in gastric cancer patients. Gastric Cancer 2013; [Epub ahead of print] [PMID: 23743877 DOI: 10.1007/s10120-013-0271-9]

51 Märkl B, Arnholdt HM, Jähnig H, Spatz H, Anthuber M, Oruzio DV, Kerwel TG. A new concept for the role of ex vivo sentinel lymph nodes in node-negative colorectal cancer. Ann Surg Oncol 2010; 17: 2647-2655 [PMID: 20333553 DOI: 10.1245/s10434-010-1030-3]

52 Peparini N, Chirletti P. Ex vivo sentinel lymph nodes in pathological staging of node-negative colorectal carcinoma. Ann Surg Oncol 2011; 18 Suppl 3: S228; author reply S229 [PMID: 21069468 DOI: 10.1245/s10434-010-1412-6]

53 van der Zaag ES, Bouma WH, Tanis PJ, Ubbink DT, Bemelman WA, Buskens CJ. Systematic review of sentinel lymph node mapping procedure in colorectal cancer. Ann Surg Oncol 2012; 19: 3449-3459 [PMID: 22644513 DOI: 10.1245/s10434-012-2417-0]

54 Hirche C, Mohr Z, Kneif S, Doniga S, Murawa D, Strik M, Hünerbein M. Ultrastaging of colon cancer by sentinel node biopsy using fluorescence navigation with indocyanine green. Int J Colorectal Dis 2012; 27: 319-324 [PMID: 21912878 DOI: 10.1007/s00384-011-1306-5]
55 Ueno H, Murphy J, Jass JR, Mochizuki H, Talbot IC. Tumour 'budding' as an index to estimate the potential of aggressiveness in rectal cancer. Histopathology 2002; 40: 127-132 [PMID: 11952856]

56 Kalluri R. EMT: when epithelial cells decide to become mesenchymal-like cells. J Clin Invest 2009; 119: 1417-1419 [PMID: 19487817 DOI: 10.1172/JCI39675]

57 De Wever O, Pauwels P, De Craene B, Sabbah M, Emami S, Redeuilh G, Gespach C, Bracke M, Berx G. Molecular and pathological signatures of epithelial-mesenchymal transitions at the cancer invasion front. Histochem Cell Biol 2008; 130: 481-494 [PMID: 18648847 DOI: 10.1007/s00418-008-0464-1]

58 Lugli A, Karamitopoulou E, Zlobec I. Tumour budding: a promising parameter in colorectal cancer. Br J Cancer 2012; 106: 1713-1717 [PMID: 22531633 DOI: 10.1038/bjc.2012.127]

59 Ueno H, Price AB, Wilkinson KH, Jass JR, Mochizuki H, Talbot IC. A new prognostic staging system for rectal cancer. Ann Surg 2004; 240: 832-839 [PMID: 15492565 DOI: 10.1097/01.sla.0000143243.81014.f2]

60 Prall F. Tumour budding in colorectal carcinoma. Histopathology 2007; 50: 151-162 [PMID: 17204028 DOI: 10.1111/j.1365-2559.2006.02551.x]

61 Koike M, Kodera Y, Itoh Y, Nakayama G, Fujiwara M, Hamajima N, Nakao A. Multivariate analysis of the pathologic features of esophageal squamous cell cancer: tumor budding is a significant independent prognostic factor. Ann Surg Oncol 2008; 15: 1977-1982 [PMID: 18408975 DOI: 10.1245/s10434-008-9901-6]

62 Miyata H, Yoshioka A, Yamasaki M, Nushijima Y, Takiguchi S, Fujiwara Y, Nishida T, Mano M, Mori M, Doki Y. Tumor budding in tumor invasive front predicts prognosis and survival of patients with esophageal squamous cell carcinomas receiving neoadjuvant chemotherapy. Cancer 2009; 115: 3324-3334 [PMID: 19452547 DOI: 10.1002/cncr.24390]

63 Gabbert HE, Meier S, Gerharz CD, Hommel G. Tumor-cell dissociation at the invasion front: a new prognostic parameter in gastric cancer patients. Int J Cancer 1992; 50: 202-207 [PMID: 1730514 DOI: 10.1002/ijc.2910500208]

64 Ohike N, Coban I, Kim GE, Basturk O, Tajiri T, Krasinskas A, Bandyopadhyay S, Morohoshi T, Shimada Y, Kooby DA, Staley CA, Goodman M, Adsay NV. Tumor budding as a strong prognostic indicator in invasive ampullary adenocarcinomas. Am J Surg Pathol 2010; 34: 1417-1424 [PMID: 20871215 DOI: 10.1097/PAS.0b013e3181f0b05a]

65 Karamitopoulou E, Zlobec I, Born D, Kondi-Pafiti A, Lykoudis P, Mellou A, Gennatas K, Gloor B, Lugli A. Tumour budding is a strong and independent prognostic factor in pancreatic cancer. Eur J Cancer 2013; 49: 1032-1039 [PMID: 23177090 DOI: 10.1016/j.ejca.2012.10.022]

66 Mitrovic B, Schaeffer DF, Riddell RH, Kirsch R. Tumor budding in colorectal carcinoma: time to take notice. Mod Pathol 2012; 25: 1315-1325 [PMID: 22790014 DOI: 10.1038/modpathol.2012.94]

67 Betge J, Kornprat P, Pollheimer MJ, Lindtner RA, Schlemmer A, Rehak P, Vieth M, Langner C. Tumor budding is an independent predictor of outcome in AJCC/UICC stage II colorectal cancer. Ann Surg Oncol 2012; 19: 3706-3712 [PMID: 22669453 DOI: 10.1245/s10434-012-2426-z]

68 Puppa G, Ueno H, Kayahara M, Capelli P, Canzonieri V, Colombari R, Maisonneuve P, Pelosi G. Tumor deposits are encountered in advanced colorectal cancer and other adenocarcinomas: an expanded classification with implications for colorectal cancer staging system including a unifying concept of in-transit metastases. Mod Pathol 2009; 22: 410-415 [PMID: 19136930 DOI: 10.1038/modpathol.2008.198]

69 Sobin LH, Wittekind Ch. UICC International Union Against Cancer. TNM Classification of malignant tumours.6th edn. New York: Wiley-Liss Publications, 2002

70 Lee HS, Lee HE, Yang HK, Kim WH. Perigastric tumor deposits in primary gastric cancer: implications for patient prognosis and staging. Ann Surg Oncol 2013; 20: 1604-1613 [PMID: 23184289 DOI: 10.1245/s10434-012-2692-9]

71 Sun Z, Wang ZN, Xu YY, Zhu GL, Huang BJ, Xu Y, Liu FN, Zhu Z, Xu HM. Prognostic significance of tumor deposits in gastric cancer patients who underwent radical surgery. Surgery 2012; 151: 871-881 [PMID: 22386276 DOI: 10.1016/j.surg.2011.12.027]

72 Wang W, Li Y, Zhang Y, Yuan X, Xu D, Guan Y, Feng X, Chen Y, Sun X, Li W, Zhan Y, Zhou Z. Incorporation of extranodal metastasis of gastric carcinoma into the 7th edition UICC TNM staging system. PLoS One 2011; 6: e19557 [PMID: 21695186 DOI: 10.1371/journal.pone.0019557]

73 Fan XJ, Wan XB, Yang ZL, Fu XH, Huang Y, Chen DK, Song SX, Liu Q, Xiao HY, Wang L, Wang JP. Snail promotes lymph node metastasis and Twist enhances tumor deposit formation through epithelial-mesenchymal transition in colorectal cancer. Hum Pathol 2013; 44: 173-180 [PMID: 22974478 DOI: 10.1016/j.humpath.2012.03.029]

74 Hotz B, Arndt M, Dullat S, Bhargava S, Buhr HJ, Hotz HG. Epithelial to mesenchymal transition: expression of the regulators snail, slug, and twist in pancreatic cancer. Clin Cancer Res 2007; 13: 4769-4776 [PMID: 17699854 DOI: 10.1158/1078-0432.CCR-06-2926]

P-Reviewers: Tagaya N S-Editor: Zhai HH L-Editor: E-Editor:
19

