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Abstract
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK74][bookmark: OLE_LINK82][bookmark: OLE_LINK77][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK38][bookmark: OLE_LINK43]Lymph node dissection is always a hot issue in radical resection of hilar cholangiocarcinoma (HCCA). There are still controversies regarding whether some lymph nodes should be dissected, of which the para-aortic lymph nodes are the most controversial. This review synthesized findings in the literature using the PubMed database of articles in the English language published between 1990 and 2019 on the effectiveness of extended lymphadenectomy including para-aortic lymph nodes dissection in radical resection of HCCA. Hepatobiliary surgeons have basically achieved a consensus that enough lymph nodes should be obtained to accurately stage HCCA. Only a very small number of studies have focused on the effectiveness of extended lymphadenectomy including para-aortic nodes dissection on HCCA. They reported that extended lymphadenectomy can bring some survival benefits for patients with potential para-aortic lymph node metastasis and more lymph nodes can be obtained to make the patient's tumor staging more accurate without increasing the related complications. Extended lymphadenectomy should not be adopted for HCCA patients with intraoperatively confirmed distant lymph node metastases. For these patients, radical resection combined with postoperative adjuvant chemotherapy seems to be a better choice. A prospective, multicenter, randomized, controlled clinical study of regional lymphotomy and extended lymphadenectomy in HCCA should be conducted to guide clinical practice. A standardized extended lymphadenectomy may help to more accurately stage HCCA. Future studies are required to further assess whether extended lymphadenectomy can improve long-term survival in negative celiac, superior mesenteric, and para-aortic lymph node diseases.
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[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK180][bookmark: OLE_LINK181]Core tip: For patients with resectable hilar cholangiocarcinoma (HCCA), extended lymphadenectomy including the No.16 group may obtain more lymph nodes to more accurately stage the tumor and to reduce the influence of total lymph node count on the lymph node ratio when compared with single enlarged No.16 lymph node biopsy. In addition, it also may help to prevent the occurrence of lymph node micrometastases, which will avoid the difficult to determine cause of postoperative enlargement of the No.16 group lymph nodes. Therefore, extended lymphadenectomy including the No.16 group is potentially more consistent with the principle of lymph node dissection in radical resection of HCCA.


INTRODUCTION
[bookmark: OLE_LINK175]Lymph node metastasis is common in hilar cholangiocarcinoma (HCCA) due to the thin bile duct wall, and it is one of the most important factors affecting the prognosis of HCCA[1,2]. According to reports, the incidence of lymph node metastasis is as high as 31%-58% in resectable HCCA[2]. Therefore, the dissection of lymph nodes is always a hot issue in the radical resection of HCCA. A study has shown that lymph node metastasis of HCCA is positively correlated with the degree of infiltration (T) and Bismuth subtype[3]. The incidence of lymph node metastasis was found to be 0% in T1, 36.7% in T2, 23.8% in T3, and 57.7% in T4, respectively. For Bismuth subtype, it was 21.1% for Bismuth I, 27.3% for Bismuth II, 41.5% for Bismuth III, and 55.6% for Bismuth IV, respectively[3]. Additionally, the anatomy surrounding the hilar bile duct is complex; therefore, the extent of lymph nodes dissection in radical resection of HCCA is still controversial.

Lymphatic drainage of the hilar bile duct
[bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK203][bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK48][bookmark: OLE_LINK49]It is important to understand the lymphatic drainage pathway of the hilar bile duct for guiding lymph node dissection in radical resection of HCCA. The lymphatic metastasis pathway of HCCA is closely related to the lymphatic drainage of the hilar bile duct. From the early 1990s to 2013, Japanese researchers such as Ito, Shirai, Kayahara, and Sato conducted in-depth studies of the lymphatic drainage pathway of the hilar bile duct[4-7]. They discovered that the lymphatic drainage of the hilar bile duct followed three paths: (1) that from the hepatic artery (No. 12a) along the common hepatic artery (No. 8) to the celiac lymph nodes (No. 9); (2) that which first descends along the bile duct (No. 12b) and then runs on the posterior surface of the pancreas head (No. 13), and then to the para-aortic lymph node (No. 16); and (3) the lesser known pathway which descends along the portal vein (No. 12p) to reach the superior mesenteric vein and then enters the superior mesenteric nodes (No. 14) (Figure 1). Of these, the first two paths are the main drainage paths and play important roles in the lymphatic drainage of the hilar bile duct.

[bookmark: OLE_LINK344][bookmark: OLE_LINK345]Dispute in the dissection scope of lymph nodes in hilar cholangiocarcinoma
[bookmark: OLE_LINK230][bookmark: OLE_LINK231]The staging systems for HCCA are different in different guidelines. According to the 7th edition of the TNM staging system released by the American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC) in 2010, N1 was defined as a regional lymph node metastasis including the cystic duct, common bile duct, hepatic artery, and/or portal vein lymph nodes. N2 was defined as lymph node metastasis including the para-aorta, para-caval vein, celiac trunk, and/or superior mesenteric vein. Additionally, N1 and N2 are staging indications of stage IIIB and IVB, respectively[8]. Compared to the AJCC staging system, the 3rd edition of the TNM staging system issued by the Japan Society of Hepatobiliary and Pancreatic Surgery (JSHBPS) in 2015, N1 was defined as regional lymph node metastasis including the cystic duct, common bile duct, hepatic artery, portal vein, and the posterior of the pancreatic head. Metastasis beyond the above lymph nodes was considered as distant metastasis (M1)[9]. The JSHBPS recommended that the No. 8, 12, and 13 group lymph nodes should be dissected[10].
[bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: OLE_LINK292][bookmark: OLE_LINK293][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK498][bookmark: OLE_LINK499]In HCCA, lymph nodes metastasis around the bile duct are most commonly encountered (27.1%-42.7%), followed by the portal vein (30.9%-35.7%), common hepatic artery (27.3%-31.3%), para-aorta (17.3%), posterior pancreatic head (14.5%-50%), and celiac trunk (6.4%-14.3%)[11,12]. The guideline for hepatobiliary cancer from the National Comprehensive Cancer Network (NCCN) suggests that the standard lymph node dissection of HCCA includes lymph nodes along the hepatoduodenal ligament, and the posterior of the pancreatic head, i.e., No. 12 and No. 13 lymph nodes. Lymph node metastasis beyond the above was considered a contraindication of radical surgery[13]. Unlike the NCCN guidelines, the JSHBPS provided a more detailed description for the dissection extent of lymph nodes in radical resection of HCCA. Mantel et al[14] reported that lymph node metastasis or micrometastasis often occurs in lymph nodes around the portal vein, common hepatic artery, and the posterior of the pancreatic head. In N0 patients, the 5-year survival rate of patients with lymph node micrometastasis was significantly lower than those without micrometastasis (27% vs 54%, P = 0.01), and not significantly different to N1 patients (27% vs 15%, P = 0.54)[14]. Consequently, the JSHBPS recommended that the lymph nodes in the first and second stations, i.e., the No. 8, 12, and 13 groups[10], should be dissected for HCCA, which seems to be more reasonable. However, the JSHBPS also believed that No. 16 lymph nodes metastasis is a contraindication for radical resection[10]. 
[bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK278][bookmark: OLE_LINK279][bookmark: OLE_LINK270][bookmark: OLE_LINK271][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK324][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK30][bookmark: OLE_LINK33][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Nagakawa et al[15] found that in patients with resectable HCCA, 4.6%-20% of patients had superior mesenteric lymph node metastasis (No. 14), and 12.6% of patients had para-aortic lymph node metastasis (No. 16)[11,15]. Additionally, Kitagawa et al[16] defined the extended lymphadenectomy as removal of lymph nodes including para-aortic, superior mesenteric vein, and celiac trunk lymph nodes. Their study showed that the 3-year and 5-year survival rates were 31.8% and 14.6% for 52 patients without lymph node metastasis, 31.8% and 14.7% for 39 patients with regional lymph node metastases, and 12.3% and 12.3% for 19 patients with para-aortic lymph nodes metastases, respectively[16]. Of the 19 patients with para-aortic lymph node metastases, 7 patients had no obvious signs of lymph node involvement during surgery and was confirmed by postoperative pathology examination. The survival of 7 patients was significantly better than that of 12 patients who proved to have positive lymph node metastases intraoperatively, and was equivalent to that of patients with regional lymph node metastases[16]. That is, for patients with potential para-aortic lymph node metastasis, extended lymphadenectomy can still bring some survival benefits, and make the patient's tumor staging more accurate without increasing the incidence of related complications[12,17-19]. The 5-year survival rates of HCCA including regional lymphadenectomy were reported to be 7%-20%[20-23]. In contrast, 5-year survival rates of HCCA with extended lymphadenectomy were reported to be 26%-49%[3,24,25]. Therefore, Aoba et al[3] suggested that extended lymphadenectomy is recommended in resectable HCCA. However, some scholars believe that patients with No. 16 lymph nodes metastasis found intra-operatively should be regarded as a contraindication for radical surgery[14] as the literature related to gallbladder or pancreatic carcinoma reported that extended lymphadenectomy cannot provide survival benefits for patients[26-29]. At the same time, some scholars found that there was no significant difference in the survival between patients with N1 and N2 lymph node metastases[2,3,30]. These findings challenged the accuracy of the 7th AJCC staging system which stages HCCA by the lymph node metastasis site. Recently, Ma et al[31] reported that extended lymphadenectomy significantly increases lymph node retrieval, thereby preventing understaging and improving survival prediction. Extended lymphadenectomy may improve overall survival in patients with M0 disease who underwent R0 resection, but does not improve overall survival for M1 patients. Thus, they concluded that extended lymphadenectomy should not be adopted for HCCA patients with intraoperatively confirmed distant lymph node metastases, which is consistent with previous reports[14]. Three meta-analyses[32-34] have suggested the potential beneﬁt of chemotherapy as adjuvant therapy in patients with resected node-positive disease. For these patients, radical resection combined with postoperative adjuvant chemotherapy seems to be a better choice.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK331][bookmark: OLE_LINK332][bookmark: OLE_LINK13][bookmark: OLE_LINK16]As extended lymphadenectomy indicated improvement in overall survival over patients who underwent regional lymphadenectomy in M0 and R0 resection disease before propensity score matching, but not after propensity score matching in Ma et al[31]’s report, they suggested that future studies are required to further assess whether extended lymphadenectomy should be performed in negative celiac, superior mesenteric, and para-aortic lymph nodes HCCA patients.

[bookmark: OLE_LINK346][bookmark: OLE_LINK347]New definition of lymph node dissection
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK528][bookmark: OLE_LINK529][bookmark: OLE_LINK184][bookmark: OLE_LINK185][bookmark: OLE_LINK518][bookmark: OLE_LINK519][bookmark: OLE_LINK101]On the one hand, there is no consensus on the dissection extent of lymph nodes, even in different guidelines[10,13], for the surgical treatment of HCCA. The accuracy of taking the involved site of lymph node metastases as the basis of tumor staging is controversial and the evidence is not effective to guide clinical practice. On the other hand, total lymph node count (TLNC) and lymph node ratio (LNR) play a positive role in prognostic stratification for gastrointestinal tumors. Hepatobiliary surgeons try to apply TLNC and LNR in HCCA to guide the dissection extent of lymph node and prognostic stratification[3,20,24,35-38].
[bookmark: OLE_LINK338][bookmark: OLE_LINK339][bookmark: OLE_LINK186][bookmark: OLE_LINK187]In 2007, Schwarz et al[36] conducted a retrospective cohort study of 1518 patients with extrahepatic cholangiocarcinoma in the SEER database (surveillance, epidemiology, and end result database) and found that the survival of patients with TLNC > 10 was significantly better than that of patients with TLNC < 10. In 2010, Ito et al[37] conducted a cohort study of 320 patients with HCCA and showed that patients with TLNC > 7 had a significantly better survival than patients with TLNC < 7 in R0N0 patients. In 2015, a systematic review of 20 retrospective studies showed that a TLNC of 7-9 can maximally identify the total number of positive lymph nodes and minimize understaging of the tumor[38]. In 2016, a retrospective cohort study of 437 patients reported by Bagante et al[11] showed that as the TLNC increased, not only did the 5-year survival rate of N0 patients significantly improve, but also the detection rate of N1 patients significantly increased. Bagante et al[11] suggested that the minimum number of lymph nodes dissected is 4.
[bookmark: OLE_LINK516][bookmark: OLE_LINK517][bookmark: OLE_LINK520][bookmark: OLE_LINK521]Although the suggested TLNC in the above studies was different, they all reached the conclusion that accurate LN staging can be performed for HCCA only when an adequate TLNC is obtained. Some lymph node metastases may be misdiagnosed when the TLNC is insufficient, resulting in inaccurate staging (underestimation) of the tumor, making the patient's actual survival lower than expected, manifesting as a poor prognosis in patients with fewer lymph node dissected. At the same time, Bagante et al[11] found that in patients with lymph node metastases, the 5-year survival of patients with ≤ 3 lymph node metastases was significantly better than that of patients with > 3 lymph node metastases (18.6% vs 11.1%, P = 0.02). As a result of the above observation, the 8th edition of the AJCC TNM staging system released in 2017 recommends that the dissected number of lymph nodes should be at least 5, and changes the criteria of lymph node staging, i.e., N1: 1-3 lymph node metastases, N2: > 3 lymph node metastases[13].
[bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK197][bookmark: OLE_LINK198]Some other scholars believe that the LNR should be used as a staging criterion for HCCA. In 2010 and 2013, Giuliante et al[1] and Guglielmi et al[35] analyzed the LNR of 62 patients and 75 patients with HCCA who underwent radical resection, respectively. The results showed that patients with an LNR of 0.25 or lower had significantly better survival. Therefore, Guglielmi suggested that the LNR had a predictive value for prognosis in HCCA. In 2011, Oshiro et al[22] investigated the LNR of 60 patients with resected extrahepatic cholangiocarcinoma (hilar, n = 31; distal, n = 29) and found that patients with an LNR of 0.2 or lower had significantly better survival. Therefore, Oshiro et al[22] also considered LNR to be an effective prognostic factor after radical resection of extrahepatic cholangiocarcinoma. In 2013, Aoba et al[3]’s study of 320 patients also showed that those with an LNR ≤ 0.2 had a significantly better survival than patients with an LNR > 0.2. Additionally, Aoba et al[3] also found that patients with a TLNC ≥ 16 had a significantly lower LNR than patients with a TLNC of 3-5 or 6-10. In multivariate analysis, LNR is not an independent predictor of prognosis. It was confirmed that the LNR had a better stratification effect than that of the site of lymph node metastasis involvement on prognosis in a number of studies[1,2,11,20,24,30,39], but the median TLNC in the above studies was mostly 3.
[bookmark: OLE_LINK394][bookmark: OLE_LINK395][bookmark: OLE_LINK370][bookmark: OLE_LINK371][bookmark: OLE_LINK402][bookmark: OLE_LINK403][bookmark: OLE_LINK410][bookmark: OLE_LINK411][bookmark: OLE_LINK435][bookmark: OLE_LINK436]Indeed, the LNR can standardize lymph node metastasis in all patients, and minimize the inconsistency and variability in lymph node assessment. However, the LNR is largely influenced by TLNC (i.e., the larger the TLNC, the smaller the LNR). Unlike gastric cancer or colorectal cancer, the TLNC in HCCA is usually less than 10. In this case, the LNR is likely to result in errors. Therefore, the clinical value of the LNR in HCCA needs to be verified with a sufficient TLNC. It must be stated that extended lymphadenectomy can significantly increase the number of lymph node dissections. Studies have confirmed that at least 15 lymph nodes can be obtained by extended lymphadenectomy in the radical resection of HCCA[38]. At the same time, Aoba et al[3] found that the survival of patients undergoing extended lymphadenectomy was significantly better than that of unresected patients. In patients with multiple lymph node metastases, patients with distant lymph node metastases (No. 14/16) had comparable survival to those with regional lymph node metastases[3]. These findings suggest that in addition to obtaining sufficient numbers of lymph nodes to accurately stage tumors, extended lymphadenectomy can also provide certain survival benefits for patients with distant lymph node metastases.

Prospects for lymph node dissection in HCCA
[bookmark: OLE_LINK418][bookmark: OLE_LINK419]Following the exploration of lymph node dissection in radical resection and the redefinition of lymph node staging for HCCA, hepatobiliary surgeons have basically reached a consensus that enough lymph nodes should be obtained to accurately stage HCCA. However, there are still controversies regarding whether some lymph nodes should be dissected, of which the No. 16 group is the most controversial.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK460][bookmark: OLE_LINK461][bookmark: OLE_LINK102][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK443][bookmark: OLE_LINK444][bookmark: OLE_LINK458][bookmark: OLE_LINK459][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK489][bookmark: OLE_LINK490][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK466][bookmark: OLE_LINK467][bookmark: OLE_LINK462]For scholars who believe that No.16 lymph node dissection does not bring survival benefits to patients with HCCA, we reviewed the literature and found that their views were either directly derived from previous reports of gallbladder or pancreatic carcinoma[36], or No. 16 lymph node metastases were treated as a surgical contraindication[14,20] without an in-depth exploration. Only a very small number of studies have focused on extended lymphadenectomy including the No. 16 group. They found that extended lymphadenectomy can provide a certain survival benefit for patients with HCCA, but the 5-year survival rate was only 12.3%[12,25]. However, Ma et al[31] reported that extended lymphadenectomy indicated improvement in overall survival over patients who underwent regional lymphadenectomy in M0 and R0 resection disease before propensity score matching, but not after propensity score matching. Simultaneously, studies have reported that the lymph node metastasis rate for the posterior of the pancreatic head (No. 13) could be as high as 50%, and the lymph nodes in the No. 16 group are the next drainage station for the No. 13 lymph nodes. Additionally, it is common to find enlarged No. 16 lymph nodes in clinical practice and the No. 16 lymph node metastasis rate is relatively low (17.3%)[12]. It is also very common to find enlarged No. 16 lymph nodes in the follow-up of patients with HCCA due to post-operative inflammation or metastasis. This has resulted in difficulty in judging the cause (due to inflammation or metastasis) and to determine the next treatment step for post-operative HCCA patients. Therefore, future studies are required to further assess whether extended lymphadenectomy should be performed in negative celiac, superior mesenteric, and para-aortic lymph node diseases. Fortunately, a prospective, multicenter, randomized, controlled clinical study of regional lymphotomy and extended lymphadenectomy in HCCA (registration number: ChiCTR1800015688) is being conducted in China. It will evaluate the clinical safety of extended lymphadenectomy in HCCA resection and the effect of different lymph node dissections on the survival of patients.
[bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK364][bookmark: OLE_LINK365][bookmark: OLE_LINK358][bookmark: OLE_LINK359][bookmark: OLE_LINK360][bookmark: OLE_LINK361]Although the pathologists and medical oncologists typically prefer more lymph nodes for accurate staging of any cancer, the surgeon should balance other factors, e.g., the anatomic location, difficulty in removing more lymph nodes, intra-operative and long-term complications associated with extensive lymph node dissection, etc. Fortunately, Ma et al[31] reported that incidence of lymphorrhagia, duration of postoperative stay, 30- or 90-d mortality, and other complications were comparable between the traditional regional lymphadenectomy and extended lymphadenectomy groups. Thus, extended lymphadenectomy could be performed in selected patients with resectable HCCA.

CONCLUSION
In summary, we believe that for patients with resectable HCCA, along with the improvement of surgical techniques, extended lymphadenectomy including the No. 16 group may obtain more lymph nodes to more accurately stage the tumor and to reduce the influence of the TLNC on the LNR when compared with single enlarged No. 16 lymph node biopsy. In addition, it may also help to prevent the occurrence of lymph node micrometastases, which will avoid the difficult to determine cause of postoperative enlargement of the No. 16 group of lymph nodes. Extended lymphadenectomy was reported to more accurately stage HCCA and bring survival benefits, and the role of extended lymphadenectomy in HCCA should be further confirmed.
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Figure Legends
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Figure 1 The lymphatic drainage of the hilar bile duct. Three paths: (1) Left oblique pathway: from the hepatic artery (No. 12a) along the common hepatic artery (No. 8) to the celiac lymph nodes (No. 9); (2) Intermediate mesenteric pathway: first descending along the bile duct (No. 12b) and then runs on the posterior surface of the pancreas head (No. 13), and then to the para-aortic lymph node (No. 16); and (3) Right longitudinal pathway: descending along the portal vein (No. 12p) to reach the superior mesenteric vein and then enters the superior mesenteric nodes (No. 14).
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