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Abstract
Sentinel lymph node biopsy (SLNB) is now an established technique in penile and pelvic cancers, resulting in a lower mortality and morbidity when compared with the traditional lymph node dissection. In renal cancer however, despite some early successes for the SLNB technique, paucity of data remains a problem, thus lymph node dissection and extended lymph node dissection remain the management of choice in clinically node positive patients, with surveillance of lymph nodes in those who are clinically node negative. SLNB is a rapidly evolving technique and the introduction of new techniques such as near infra-red fluorescence optical imaging agents and positron emission tomography/computed tomography scans, may improve sensitivity. Evidence in support of this has already been recorded in bladder and prostate cancer. Although the lack of large multi-centre studies and issues around false negativity currently prevent its widespread use, with evolving techniques improving accuracy and the support of large-scale studies, SLNB does have the potential to become an integral part of staging in renal malignancy.
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Core tip: A number of studies have examined the use of sentinel lymph node biopsy in urogenital malignancies. In penile and prostate cancer it has been found to be a valuable tool to aid staging and accurately predict prognosis. Its use in renal cancer is poorly explored and would benefit from a better understanding of the lymphatic drainage of the kidney. It is also proposed that modifications of the technique such as use of positron emission tomography/computed tomography scanning and near infra-red fluorescence optical imaging agents may further improve the technique making it a feasible option for use in renal malignancy. 
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INTRODUCTION
Renal cancer is now the 8th most common cancer in the United Kingdom and its incidence is rising[1]. Advancements in imaging modalities and easy access to ultrasounds mean that tumours are often detected earlier and consequently with a smaller size than previously. Whilst size of tumour and haematogenous spread are acknowledged to be proportionately linked, small tumours do have the potential for early lymphatic spread and distant metastases[2]. Unlike other urogenital malignancies such as penile cancer, lymphatic spread in renal cancer is often unpredictable making it unsuitable for en-block lymph node dissection[3-5]. 
Sentinel lymph node biopsy (SLNB) offers a well-recognised alternative to lymph node dissection and is already widely used in melanoma and breast cancer[6,7]. It is also already an accepted part of management in certain urological malignancies such as penile and pelvic malignancy[8-12]. Associated with a lower mortality and morbidity cost than the traditional alternative, it still offers clinicians the opportunity to stage disease and equally importantly, to identify patients in whom tumour resection alone may not be curative[10,13,14].
In renal cancer however, lymph node dissection and extended lymph node dissection still remain the management of choice in clinically node positive patients with renal malignancy, with surveillance of lymph nodes in those who are clinically node negative[15]. Here, we examine the potential of SLNB in renal malignancy and some of the techniques that may be implemented in the future. 

LYMPH DRAINAGE AND THE KIDNEY
The use and success of SLNB is reliant on the ability to reliably predict the lymphatic drainage of the organ and the dissemination of disease in a stepwise fashion. Of all urogenital malignancies, penile cancer exhibits the most reliable lymphatic drainage, allowing us to predict with some accuracy areas where the sentinel nodes will reside[16]. Conversely, renal cancer, with the potential for both haematogenous and lymphatogenous spread is the least reliable, and it is only by using a mixture of cadaveric and sentinel lymph node mapping that basic patterns have been observed[17]. Lymph node involvement in the absence of other metastases is common in pelvic and penile cancers, but uncommon in renal cancer.
Lymphatic drainage of the kidney can be grouped into three categories relative to their position to the renal vein: anterior, posterior and intravascular. From the right kidney, the anterior bundles drain to the paracaval, precaval, retrocaval and interaortacaval nodes. Importantly the retrocaval nodes provide a route of entry to the thoracic duct, facilitating more distant lymphatic spread. Posterior bundles drain to paracaval, retrocaval and interaortocaval nodes. Drainage from the intravascular bundles remains poorly understood[18-20].
Different from the right kidney, anterior bundles in the left kidney drain to the para-aortic and pre-aortic nodes, while posterior bundles drain to the para-aortic and retro-aortic nodes. In the case of the left kidney, it is direct from the posterior bundle, rather than via nodes from the anterior bundle that connection to the thoracic duct is made[17,21,22]. Lymphatic drainage from both kidneys may also run to the retroperitoneal lymph nodes, and from these spread to the thoracic duct. Overall, lymph node involvement is reported at rates of 4%-5% and considered to be a poor prognostic indicator[23,24]. 
Despite not offering therapeutic benefit in renal malignancy, SLNB does offer the opportunity to histologically confirm the presence of positive nodes without full lymphadenectomy. In the absence of such clarity, the current European recommendation is to wait for nodes to become clinically palpable before excision, this can have significant implications on mortality. In penile cancer, since the introduction of SLNB and immediate lymphadenectomy for node positive patient, 3 year cancer survival increased to 84%, compared to just 35% for those who had lymph nodes excised only after they became clinically palpable[25]. A further study reported a 5 year cancer survival of 91% for patients with penile squamous cell carcinoma after introduction of SLNB, compared to 82% before its introduction[13]. 

THE SENTINEL NODE CONCEPT IN UROGENITAL CANCER: HOW DID WE GET HERE?
The concept of a sentinel node was introduced by Halstead who proposed that tumour cells spread from the primary lesion sequentially along the lymph chain, only spreading beyond the first node once it has been overwhelmed by tumour[26]. It was Gould however, in a paper on parotid malignancy, who initially described these first nodes as sentinel nodes[27].
When SLNB was first introduced, sentinel nodes were identified solely using either intraoperative or preoperative lymphangiograms. This was first trialled for urogenital malignancy by Cabanas[28] in 1977. In a study of 100 patients he successfully proved the existence of a sentinel node in disseminated penile malignancy. In 46 of those patients he was able to perform lymphangiogram guided SLNB and from this concluded that a positive SLNB was a good indicator for further surgical intervention in the form of a full regional lymph node dissection[28]. However, this technique was associated with a high failure rate and poor reducibility as nodes were often difficult to identify and locate and the technique did not allow for anatomical variation between patients[29]. 
This concern was addressed with the introduction of blue dye allowing for cutaneous lymph node mapping. Once injected at the primary tumour site, the blue dye travels along the lymphatic chain to the sentinel node, making it easier for the surgeon to identify. Introduced in 1989 for melanoma, cutaneous lymph node mapping now has since been explored for use in breast, penile and cervical cancer[30-34].
The concept of cutaneous mapping was rapidly followed by the introduction of radiolabelled racer using a gamma probe. Proposed by the team at Vermont medical centre, their study, on 16 feline models, found that the use of radiolabelled tracer detected with a gamma probe was comparable to blue dye tracer but additionally allowed the surgeon to confirm excision of the correct node and determine possible presence of residual lymph nodes[34]. 
In 2000, Horenblas et al[32] examined the feasibility of dynamic SLNB (DSNB) in penile cancer. Using a combination of lymphoscintigraphy, patent blue dye and a gamma probe they concluded that DSNB held potential as a promising staging technique[35]. Their conclusion, supported by Tanis et al[8] who cited an 80% sensitivity for this procedure, cemented the role of DSNB in penile cancer. It was in this form that the Augsberg group introduced DSNB to prostate cancer[36]. They successfully demonstrated the validity of DSNB for use in prostate cancer and in a further study of 117 patients, the same group demonstrated a sensitivity of 96% for the procedure, a validation replicated in bladder cancer in Sherif et al[37]’s study of 13 patients[38]. They concluded that not only can DSNB be used to identify sentinel nodes in patients with known bladder cancer but that it has the additional advantage over traditional lymphadenectomy of identifying nodes outside the standard lymphadenectomy areas.

TAILORING THE SENTINEL NODE CONCEPT FOR RENAL CANCER
It was Bernie et al[39] in 2003 who introduced DSNB to renal cancer. Combining the use of blue dye and intraoperative gamma probes they successfully demonstrated that in 40 porcine models, excised sentinel nodes exhibited an increased radioactive count when compared to controls[39]. 
In 2010 Bex et al[40] continued the work of Bernie, confirming the use of sentinel node mapping in renal malignancy in human models. They successfully demonstrated that the use of pre-operative lymphoscintigraphy combined with the injection of technetium 99m under either ultrasonography (US) or computed tomography (CT) guidance can be used to identify sentinel nodes in renal malignancy.
Single-photon emission computed tomography (SPECT) CT combines single proton emission computed tomography with CT in order to provide more precise information about the presence and location of sentinel nodes. The concept of such anatomical fusion imaging, as an alternative to planar lymphoscintography was first introduced for use in prostate cancer in 2005. That study successfully demonstrated that images from CT scan and SPECT scanning could be superimposed in all 12 of the patients studied and successfully identified 87% of lymph nodes[41]. A Swedish study in 2006, expanded this work to bladder cancer when they successfully demonstrated that SPECT CT scanning detected 21 sentinel nodes in five patients, compared to just two with planar lymphoscintography[42]. 
In 2011 Sherif et al[37] trialled SPECT CT for use in lymph node mapping for renal cancer. Their study of 13 patients introduced pre-operative SPECT scanning to lymph node mapping in renal malignancy. They combined lymphoscintigraphy and SPECT CT imaging, with both radiolabelled tracer and patent blue dye in order to identify sentinel nodes. This study successfully detected 32 sentinel nodes in 10 of 11 patients, 28 of which were detected by the use of radiolabelled tracer. The patent blue dye was used in 8 patients but only identified sentinel nodes in one patient[43]. 

SLNB IN RENAL CANCER: WHERE NEXT?
SLNB in renal cancer, still lags well behind its penile and pelvic counterpart and has some way to go before a widespread implementation can be considered. In addition to concerns about small studies, concerns about sensitivity-in particular false negatives, and patient selection remain. 
Renal cancer is not alone in these concerns, with many papers initially raising similar concerns around false negative rates in penile and pelvic cancers. A study of 2020 patients undergoing SLNB for prostate cancer cited a false a negative rate of 6.2%, whilst a study in 2011 of SLNB in penile malignancy cited an even higher rate of 15%[44,45]. In both cases, figures are controversial and highly variable, and measures such as pre SLNB CT to exclude macrometastases, a potential cause of false negatives, have been implemented[8,44,46,47]. More importantly, SLNB has overcome these problems to become part of the accepted management for both penile and pelvic cancers. 
Below, we discuss alternative or additional techniques that are currently being explored in other urogenital malignancies. These may hold the solution for the redemption of SLNB for use in renal malignancy. 

IMPROVING SENSITIVITY
Near infra-red fluorescence optical imaging agents (NIRF) is a non-radioactive, more penetrative alternative to radiolabelled tracers and patent blue, which may provide the solution to concerns around sensitivity. First introduced in 2003 in mice models, it was initially studied in breast cancer, with Melancon et al[47] successfully demonstrating that NIRF provided a superior alternative to T1 weighted MR, identifying all six cervical nodes, compared to just four[48]. The first use of NIRF in urogenital malignancy was in 2011, when lymphatic pathways in prostate cancer were mapped with indocyanine[49]. NIRF has since been used bladder cancer and in robot assisted SLNB in both bladder and prostate cancer[50,51].
The introduction and acknowledgement of NIRF as a tracer, has led to the potential for a hybrid tracer, combining the fluorescence of NIRF with the well-established pharmacokinetics and bio-distribution of radiocolloids such as technetium 99m. The use of a multimodal tracer was first studied in mice in 2011[52]. Since then its use has been studied in prostate and melanoma with the finding that it is equally effective tracer with faster distribution than blue dye[53,54]. Similarly in penile cancer, a study of 65 patients, cited an increased sensitivity (96.8%) compared to patent blue dye alone (55.7%)[55]. 
The use of PET/CT as part of the SLNB procedure has also been explored as a means of improving false negative rates. Here fluorodeoxyglucose positron emission tomography/CT (PET/CT) scan was performed routinely preoperatively in patients undergoing SLNB for penile squamous cell carcinoma. In a study of 129 patients, involving 254 basins, use of both techniques, reduced false negative rates to 5.6%, proving that it may have potential to improve the SLNB technique[56]. PET/CT has been more vigorously explored in breast cancer, where a study of 191 patients concluded that it had the highest specificity of Ultrasound and MRI, but that it required all 3 in combination to reach the highest sensitivity[57]. There is no current available work on its role in SLNB for renal cancer and its impact here remains to be seen. 

IMPROVING PATIENT SELECTION
Patient selection remains one of the challenges of lymph node disease. At present all patients who are clinically node positive in all urological malignancy undergo full regional lymphadenectomy. Historically, those with node negative disease in penile and bladder cancer were undergoing SLNB despite concerns that a high false negative rate means that disease may go unidentified. To address this, colleagues in the Netherlands introduced an ultrasound scan for patients with clinically node negative disease. Any suspicious nodes visualised underwent fine needle aspiration and cytology. Those with a negative FNAC or absence of suspicious nodes proceeded to SLNB procedure, consisting of lymphoscintigraphy and injection of patient blue, whilst those with a positive FNAC proceeded straight to inguinal lymph node dissection. The introduction of the pre-operative ultrasound, combined with a decision to explore all groins after lymphoscintigraphy, rather than those with suspicious nodes, reduced their false negative rate from 19.2% to 4.8%[58]. Similarly, a study of 500 inguinal basins, cited a 91% sensitivity rate with blue dye and radiolabelled tracer, which rose to a 94% with the introduction of the pre-operative ultrasound[59]. 
An alternative solution would be the introduction of mathematical algorithms such as the Partin table and Briganti nomograms used in prostate malignancy. These algorithms calculate the likelihood of lymph node involvement, and only those with a high calculated risk proceed to lymphadenectomy[60,61]. The concept of identifying risk factors for positive lymph nodes in renal malignancy was first introduced in 2004 but it was Hutterer who created the first nomogram in 2007[62,63]. In 2015 local symptoms, clinical node stage and lactate dehydrogenase were identified as independent predictors of lymph node disease, using all of these as determining factors in their nomogram which they cited as having a concordance index of 0.89[64]. Further work and external validation has yet to be published and there is no current evidence to suggest that it could be extrapolated for an incorporation into use for SLNB. 
	
IMPROVING MORBIDITY
One of the acknowledged benefits of SLNB when compared to the traditional alternative of lymphadenectomy is a reduced morbidity[65]. This could be reduced further with the introduction of laparoscopic sentinel nodes, a theory explored by Kamprath et al[66] in 2000, when they proved that laparoscopic sentinel nodes in cervical cancer would result in lower morbidity and also reduce post-operative pain, with shorter duration of stay when compared to an open procedure[66]. Such a procedure has already been trialled in prostate cancer with good effect[67].
Similarly, the SLNB has the potential to be performed robotically. This concept was explored by Rossi et al[68], who concluded that a robotic lymph mapping procedure for use in endometrial and cervical cancer was not only feasible, but an efficient and reliable technique. A further study successfully used NIRF to identify sentinel drainage in pelvic cancers in robot assisted procedures[50,51]. Whilst no direct comparisons have been made between traditional SLNB techniques and the robotic technique, a study comparing robotic and open surgical staging for endometrial cancer, demonstrated a lower incidence of post op ileus, duration of say, infection and cardiopulmonary complications in patients who underwent a robot procedure whilst still achieving similar lymph node yields[69]. If such findings can be extrapolated to SLNB and in particular to renal cancer, this may have a positive impact on morbidity. 

CONCLUSION
SLNB offers the potential for accurate staging in renal cancer, the accuracy of which may have huge implications for prognosis. In its current form however, SLNB lacks not only the support of large, multi-centre studies but, like its predecessors in penile and pelvic malignancy, continues to be plagued by concerns around high false negative rates. With the investigation and implementation of enhanced techniques, and support from large cohort size studies, SLNB does have the potential to become an integral part of staging in renal malignancy. 
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