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			Abstract

			 Cancer of the oral cavity has a significant presence in the cancer burden worldwide, and can result in significant morbidity and mortality. The spread of this disease to regional lymph nodes of the neck often results in dramatic changes in treatment and prognosis, and thus management of the neck in early oral cancer is of paramount importance. A consensus on the ideal treatment modality for the clinically node-negative neck still eludes us, with elective neck dissection at the time of primary treatment being the current gold standard, with radiation and chemotherapy having adjunctive roles. The “wait and see” philosophy also has its advocates, as well as its critics. Advances in genetic analysis of tumours may represent the future in patient-specific intervention.
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			Introduction

			Oral cavity cancer is the most common site for malignancy in the head and neck, and consists predominantly of squamous cell carcinoma (SCC) [1]. It is the 6th most common malignancy in the world, and represents the 8th most common cancer-related mortality [2]. Oral cancer is defined as a malignant lesion of one or more of the following: buccal mucosa, floor of mouth, oral tongue, alveolar gingiva, retro molar trigone, and hard palate. The spread of oral cancer to the cervical lymph nodes is one of the most controversial and disputed aspects for the treatment of early oral squamous cell carcinoma (OSCC), specifically when the neck is clinically negative. The rate of occult metastasis for OSCC to the neck ranges from 20% to 45%, thus the importance of proper management of the neck in OSCC is evident, with neck metastasis representing the most important factor for survival and poor prognosis, demonstrating a 50% decrease in 5-year survival [3-6]. Different treatment strategies have been implemented over the decades, and of these, elective neck dissection at the time of the initial primary tumour resection is currently the most widely accepted management. Radiation therapy, and occasionally chemotherapy have also been employed as either alternatives or 

adjuncts to surgical intervention. Many centres practice the “wait and see” philosophy, thus saving patients from elective treatment. 
Surgical Therapy

			Surgical management of the neck in oral cancer has historically been via neck dissection. The elective neck dissection (END) serves as both a diagnostic and staging tool, as well as a therapeutic modality in the event that nodal metastasis is discovered on pathological evaluation. Previously, the preferred method of treatment for patients with oral cancer with an N0 neck was radical neck dissection (RND) or modified radical neck dissection (MRND). However the necessity of such an extensive procedure has for the most part been abandoned, having been replaced by the selective neck dissection (SND), done generally at time of primary tumour resection [7]. 

			The landmark paper by Weiss et al in 1994 [8] describes a systematic decision algorithm about treatment of the N0 neck based on a mathematically-derived formula. The conclusion of the study was that elective treatment of the neck was favourable only when the risk of occult metastasis to the neck exceeded 20%. This number still represents the most commonly used threshold for treatment of the neck in early oral SCC a with a cN0 neck. Some authors more recently, however, have suggested lowering that threshold to 15% given the highly adverse effect of cervical lymph node metastasis on survival, as well as changes in the risk–benefit ratio during the past two decades due to the use of more conservative surgical procedures [9,10] (Figure 1).
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			A significant advantage of elective surgical treatment of the neck is that histological examination of the lymphatic tissue specimen is possible, enabling accurate pathological staging as well as producing other prognostic information, such as the presence of extracapsular extension (ECE) in involved nodes [11]. The importance of detecting ECE is well known, as this ominous finding is associated with an increased risk of loco regional failure, distant metastasis, and disease-specific death [12-14]. Studies have shown that though the risk of presence of ECE increases to 60-95% in nodes > 10mm [15], even in nodes <10mm the risk is still significant, ranging from 17-48% [16]. 

			In a study by Kreppel et al. [17] the prognostic significance of clinical (via physical examination and imaging) and histopathological staging was elucidated, and it was determined that up to 46% of patients who were staged as cN0 preoperatively were found to have positive lymph node metastatic disease upon histological examination of the neck dissection specimen, and it has been shown pathological nodal evaluation is a better predictor of overall survival [18]. Several studies have shown improved disease-free survival as well as overall survival after END in clinically node-negative necks in oral cancer as compared to the “wait and see” policy [19-23]. 

			More recently, D’Cruz et al conducted a large prospective, randomized control trial with 596 patients with T1 or T2 OSCC over a 10-year period, comparing END at the time of primary surgery with therapeutic neck dissection (TND) after a “watchful waiting” policy. This study found both an improved disease-free survival (69.5% versus 45.9%) and overall survival (80% versus 67.5%) in the END group, and represents a major support to this modality of management [24]. In other studies, some investigators advocated for END only in T2 and higher lesions of the oral cavity, and recommend SNB in small T1 lesions with an N0 neck [25-27]. Moreover, a meta-analysis by Fasunla et al. [28] of 4 randomized control trials (RCT) including 283 patients created another robust argument in favour of END in the clinically node-negative neck. 

			In this study, it was found that in the END group, nodal recurrence was detected in 6–30% of the patients, while in the observation group, nodal recurrence was detected in 37–58% of the patients, with disease-specific death rates ranging from 11 to 42% in the observation group, and 12 to 30% in the END group, which was found to be a statistically-significant difference in favour of END. Of note however, in all 4 of these RCTs, the tumour involved the oral tongue or FOM, both of which have been shown to inherently have a higher rate of cervical nodal metastasis than other sites in the oral cavity [29]. Some recent studies, though, have shown that the rate of cervical node metastasis of maxillary SCC approaches that of the tongue and FOM, from 28% for T2 lesions to 52% for T4 lesions, and as such have recommend that END be done at the time of primary tumour resection in patients with cancer of the maxillary oral mucosa that is T2 and above [30-31]. 

			Furthermore, in SCC of the hard palate, maxillary gingiva and alveolus, Montes and Schmidt demonstrated a 27% regional failure rate in clinically N0 neck after primary resection, and thus advocate for END in all cases of maxillary SCC [32]. Another study showed that there was no significant difference in overall survival or regional recurrence except in cases of locally advanced T4 maxillary lesions, where the 5-year survival was 81% for the END group and 56% in the non-END group [33].

			One of the major drawbacks of primary surgical management of the neck is that potentially as many as 80% of patients are over treated with this approach, and may have benefited from more conservative management without adverse effect on outcome [34]. Moreover, if a salvage surgery is required, with the difficulty of re-operation of the neck, the success rate is only reported in the range of 30% in previously operated necks [35,36], in addition to the fact that salvage operation would likely be more extensive, thus resulting in higher morbidity. However at least a part of the lower salvage success rates could be due to the presence of an inherently more aggressive disease process.

			Tumour characteristics have been shown to influence cervical metastasis and thus must be discussed when deciding whether a neck dissection is necessary. It has now been shown that tumour thickness or depth of invasion is the most important tumour characteristic influencing cervical metastasis and disease-specific survival, and forms one of the most important criteria for prescribing a neck dissection in early OSCC, and as such has been added to the 8th edition of the AJCC staging manual for OSCC, along with ECE [37]. This was first described by Spiro et al, reporting that incidence of neck metastasis approaches 40% with tumours >2mm [38]. Many subsequent studies have shown a strong correlation between thickness and cervical metastasis, but have used different cut off values. Yuen, Kuan, and Vishak all used 3mm as a cutoff and reported a 50% to 63.3% cervical spread rate for any tumour measuring over 3mm [39-41]. Kurokawa et al. [42] used 4mm and identified a 37.5% rate of cervical involvement [42]. A large number of studies have used 4mm as their cut off value and is now the most commonly used threshold for elective neck dissection in oral cancer [43,44]. 

			Fukano et al. [45] recommended a 5mm cut off value, owing to their finding that less than 5mm thickness had a 5.9% rate of cervical metastasis [45]. A recent study in 2014 by Balasubramanian [46] showed that 41.7% of floor of mouth (FOM) tumours showed nodal metastasis when >2mm thick, and thus advocate the use of this cut off value specifically in FOM lesions [46]. In addition to tumour thickness, macroscopic tumour shape has also been looked at in relation to incidence of cervical metastasis. In a study by Shintani published in 1997, they divided tumours into superficial, endophytic, exophytic, and combination. They found that tumours with an expansive base showed significantly higher propensity for cervical metastasis than tumours with a reductive base, showing rates of 69.6% and 23.5% respectively.

			When discussing the extent of neck dissection, some authors have questioned the inclusion of level IIB in the dissection due to its infrequent involvement in oral cancer, and because inclusion of this this level can adversely affect the spinal accessory nerve (SAN), leading to ischemia and neuropraxia, accompanying with it the subsequent shoulder dysfunction postoperatively. Some studies have found a 0-10.4% rate of micrometastasis to this level, however still advocate for its removal, owing to increased difficulty of resection of this level and damage to the SAN if a salvage surgery becomes necessary [47], while others advocate level IIB removal only in cases of cancers of the oral tongue [48,49]. In an interesting study by Erisen et al [50] electromyographic (EMG) data was gathered on patients after undergoing SND, MRND, or RND, and it was shown that in all type of neck dissection, including supraomohyoid, some degree of electrophysiologic dysfunction was noted in the SAN thus leading to some degree of shoulder dysfunction, least in the SND group [50]. 

			While dissection of levels I to III has become commonplace for the N0 neck in oral cancer, controversy still remains about level IV. In cases of cancers of the oral tongue, due to the higher incidence of neck metastasis, in particular the higher incidence of “skip” metastasis, authors have sometimes advocated dissection including level IV, or the “extended” supraomohyoid neck dissection, although this increases the incidence of chyle fistula and phrenic nerve injury [51-53]. Spread to level IV has been shown to be anywhere from 2% to 15.8%, either by direct spread or by “skipping” first echelon nodes [54,55] with the highest rates seen in cancers of the oral tongue, and as such have advocated removal of that level in those cases involving the tongue [56-58]. The distinction of level III versus level IV is the position of the omohyoid muscle and thus, given the variability of its position, may render the discussion of whether to include level IV in the dissection a purely academic one. Some authors have even advocated to the abandonment of this landmark as a surgical guideline, owing to its variability in position and the fact that it does not represent an oncologic barrier [59]. 

			Chemoradiation

			The primary accepted modality for treatment of the N0 neck in oral cancer is surgical therapy by way of elective neck dissection. However non-operative management is also used in many head and neck centres. Radiation therapy has been employed in the treatment of oral cancer either as monotherapy or most commonly in the neoadjuvant or adjuvant setting. It is mainly used as monotherapy in patients who choose not to have surgery or who are not surgical candidates, and have shown excellent loco regional control with interstitial therapy, in fact as high as 80% [60-62]. 

			Chow et al. [63] analyzed 489 patients with primary head and neck cancers all with cN0 necks, and showed that no significant difference was noted with either elective neck dissection or elective neck radiation therapy in the treatment of subclinical cervical metastasis [63], and other studies have also found the same when the primary has adequately been controlled [64,65]. However despite this, traditionally radiation therapy has been reserved as a postoperative adjunctive treatment for patients who demonstrate certain adverse features such as pT3-4 disease, close or positive surgical margins, perineural invasion, extracapsular spread, lymphovascular invasion, or those who demonstrate a pN+ neck. Adjunctive radiotherapy has been shown to enhance locoregional control rates in cases of these adverse features [66]. 

			Unfortunately, radiation therapy is also wrought with complications, many of which can have a significant impact of a patient’s quality of life, often more than with surgical therapy [67-69]. Moreover, salvage therapy, either by way of surgery or radiation in a previously irradiated site, has not shown to have high rates of success [70]. The extent of radiation therapy has a significant influence on development of complications, and as such, many studies have looked into the value of extensive radiotherapy with the possibility of decreasing exposure without compromising treatment success rates. Excellent disease control (92% over 2 years) has been noted by irradiating only ipsilateral levels I-IV [71]. 

			In recent years, the use of Intensity-Modulated Radiation Therapy (IMRT) has been studied both looking at its efficacy in relation to conventional radiotherapy as well as the potential for decreased post-irradiation complication rates. Duarte et al showed that IMRT was not only superior as far as decreasing the rate of ORN (10.1% vs 0%), but also showed decreased rates of xerostomia (46.5% vs 16.9%), mucositis (46.5% vs 16.9%), periodontal disease (18.6% vs 27.3%), and radiation caries (15.2% vs 20.3%) [72]. Several other studies have also noted a decrease in complication rates when comparing the two radiation techniques, with IMRT showing improved quality of life data [73-75].

			Cancer as we know is a genetic disorder, thus the ultimate success of any treatment will at least be partly dependent on the genetic makeup and behaviour of the disease process. As such, the success or failure of radiation therapy hinges on the radio sensitivity of the cell lines within the tumour. It has been seen in several genetic studies that certain OSCCs have exhibited cell lines that are radio resistant, owing to overexpression of genes involved in anti-apoptosis and cell proliferation, in particular genes such as ID1, ID3, FGFR3, PEG10, ICAM2 and MMP13, which may contribute to radio-resistance that would significantly decrease effectiveness of radiation treatment among oral SCCs [76,77]. Once these genes have been definitively identified, the potential exists to use them as radio therapeutic molecular markers for targeted radiation therapy in the future, thus possibly dramatically increasing the effectiveness of treatment.

			Systemic chemotherapy has been employed in treatment of advanced and metastatic cancer. However its use in cases of early oral cancer with a clinically negative neck has not been well established. In these cases, most often systemic therapy is reserved as an adjuvant measure if adverse features are found on pathological examination of lymph nodes, such as extracapsular spread or perineural invasion, as is commonly a platinum-based therapy, such as carboplatin or cisplatin. Patients demonstrating ECE should undergo more aggressive treatment with adjuvant chemotherapy in addition to radiation therapy [78,79]. 

			“Wait-and-See”

			Elective therapy of the neck carries with it inherent complications and morbidities. In view of this, many practitioners have adopted a “wait-and-see” policy in management of the neck early oral cancer with a cN0 neck, only employing therapeutic measures only if nodal involvement presents. Patients undergo close follow-up with periodic head and neck examination via palpation and ultrasound-guided FNAC. In some institutions, additional use of lymphoscintigraphy for identification of sentinel nodes is used on follow up, where SNs are identified and aspirated under ultrasound guidance to decrease the rate of false negatives [80]. Several studies have shown distinct overall survival and disease-free survival statistics in the END groups as compared to observation groups. Despite this data, some studies have shown that the watch and wait methodology showed favourable results in patients with very early T1N0M0 OSCC, with close follow-up, showing a 100% disease-specific survival over 5 years [81]. 

			Although it appears intuitive that the N0 neck will pass through the N1 stage before progressing to N2 or N3 disease, it is not uncommon for patients undergoing the “wait-and-see” protocol to present with N2 and N3 disease despite close surveillance. Andersen et al. [82] showed 60% of patients with an initial N0 neck undergoing observation presented with pathologically N2 disease on follow-up in the form of multiple positive nodes or ECE (49%), despite aggressive surveillance. In these cases, not only would the patient require more aggressive salvage surgery by way of MRND or RND, but they may also require neoadjuvant or adjuvant chemo radiation [83]. 

			Moreover, salvage therapy success rates in these situations have been only about 30% [84,85]. Patient compliance as well as social factors play an important role in “wait and see” management, as noncompliance with a strict surveillance schedule would undoubtedly result in an increase in failure rate. Therefore, high rates of occult metastases in the untreated neck, disease presenting in advanced stages after observation, poor salvage rates for failures at the level of the neck, and patient compliance issues have prompted many investigators to continue to propose elective treatment of the N0 neck as opposed to the “wait and see” with therapeutic treatment of the neck when nodal metastasis presents [86-89]. 

			Future Advances

			Current research is investigating the role of gene expression profiling of tumours in order to identify molecular markers that would help determine the propensity of lymphatic spread to the neck, thereby offering a patient-specific treatment regimen (Table 1) [90-92]. Many of these genes have been identified not only in OSCC, but also in aggressive phenotypes of other types of cancers, including breast and pancreatic neoplasms. In a Dutch multicentre study of 101 early (cN0) OSCCs, gene expression profiles were assessed by microarray hybridization and achieved a NPV of 89%, allowing for a “wait and see” policy to be instituted for those patients; however, the PPV in this study was only 37% [93]. 

			Table 1: Molecular markers for predicting oncological behaviour.
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							Overexpressed in metastatic breast cancer
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							Increased levels in metastatic pancreatic cancer
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							Overexpressed in 68% of OSCC with lymphatic spread
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							Increased metastasis of H&N SCC
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							Increased in metastatic breast cancer
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							Decreased levels correlates with metastatic phenotype

						
					

				
			

			O’Donnell et al were able to locate differences in expression of immune cells in node-positive versus node-negative OSCC, specifically HLA II DO beta and CD64, hypothesizing that differences in the genetic make-up of the host, through immune or stromal cell interaction with the tumour, may be a critical factor in progression from a non-aggressive, non-metastatic phenotype to an aggressive, metastatic one [94]. Unfortunately, due to the immense heterogeneity of the genetic profile of different tumours, the consistency of the presence or absence of certain molecular markers varies, thus decreasing their reliability.

			Conclusion

			The debate over the management of the clinically node-negative neck in oral squamous cell carcinoma is one that has spanned many decades. Elective surgical management of early OSCC remains the most widespread treatment modality utilized by clinicians, with adjunctive therapies usually reserved for more advanced cases or in the presence of adverse histological or clinical features. The popularity of the “wait and see” methodology has grown over the years, however with the risk of more extensive salvage surgery in the future, without consistent evidence of its clear advantage over elective therapy, and the minimal morbidity offered by selective neck dissection, it remains a secondary treatment consideration. It has also been demonstrated that there are site-specific differences in clinical behaviour within the oral cavity and further extrapolation would be beneficial. Advances in molecular analysis and genetically guided therapy have shown to potentially have a significant impact in determining clinical behaviour and therefore on the treatment of cancer, and certainly represents the future in the management of this disease.
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Figure 1: Computer-assisted decision analysis used by Weiss et al. Outcomes were given a probability of occurrence and desirability rating
based on the time trade-off method [8]






