Novel strategies for managing retropharyngeal lymph node metastases in head and neck and thyroid cancer with TransOral Robotic Surgery (TORS)
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Abstract

Retropharyngeal metastases is encountered in a variety of head and neck malignancies, imposing significant surgical challenges due to their distinct location and proximity to neurovascular structures. Radiotherapy is the recommended treatment in most cases due to its oncological efficacy. However, retropharyngeal irradiation affects the superior pharyngeal constrictor muscles and parotid glands, with the potential for long term dysphagia and xerostomia.
A younger oropharyngeal and thyroid cancer patient demographic is trending, fueling interest in treatment de-escalation strategies. Consequently, reducing radiotoxicity and its long-term effects is of special relevance in modern head and neck oncology practice.
Through its unique ability to safely extirpate these traditionally difficult-to-access retropharyngeal lymph nodes via a natural orifice, TransOral Robotic Surgery (TORS) can considerably lower the surgical morbidity of retropharyngeal lymph node dissection (RPLND), compared to current existing approaches. 

This review summarizes the latest developments in the field, exposing current research gaps and discusses specific clinical settings where TORS could enable treatment de-escalation. In early-stage node-negative oropharyngeal cancer, single modality surgical treatment with TORS RPLND may improve risk stratification of metastasis and recurrence in this region. TORS RPLND is also a potentially viable treatment option in salvage of an isolated retropharyngeal node recurrence or in the primary setting of a thyroid malignancy with a single positive retropharyngeal node. 
In time, TORS RPLND may provide an alternative de-escalation strategy in these three scenarios. However, with the reported morbidities, further prospective trials with long-term follow up data are required to prove oncological safety and functional benefits over existing strategies. 
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Introduction
Retropharyngeal lymph nodes (RPLN) are recognised as first echelon nodes for tumors originating in the nasopharynx and posterior pharyngeal wall [1,2] and are also among the first echelon nodes of the oropharynx [3]. Hypopharyngeal and cervical oesophageal squamous cell carcinoma (SCC) are other primary site candidates and are linked with regional involvement of this distinct nodal basin [4]. Differentiated thyroid cancer (DTC) is a less commonly recognised origin of retropharyngeal metastasis. A background of extensive N1b disease in the context of residual and/or recurrent DTC has been documented as a more anticipated scenario for retropharyngeal metastasis within this disease category [2,5]. 	Comment by Dr. Chris Holsinger: One of the best and earliest papers is the Ballentyne 1964 paper in the Am J Surg: 

Ballantyne AJ (1964) Significance of retropharyngeal nodes in cancer of the head and neck. Am J Surg 108:500–504
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The challenges of surgical access to the retropharyngeal area purports that only limited pathological data is available on the incidence of RPLN metastases. With respect to oropharyngeal squamous cell cancer (OPSCC), surgical series are small and highly selective [2,6]. Although, relatively larger radiology series have reported an approximately 10% rate of RPLN involvement in patients with oropharynx cancer at staging [7–9] independent of human papilloma virus (HPV) status [8,10].

The consensus within the literature is that positive RPLN infers an adverse prognosis in both head and neck and thyroid cancer [5,11], including HPV-related OPSCC [7]. Despite early studies advocating retropharyngeal lymph node dissection (RPLND) [4,12], the historically linked unacceptable morbidity of this procedure stunted its implementation into routine surgical practice [6]. Instead, elective irradiation of ipsilateral and sometimes bilateral RPLN has been incorporated into international radiotherapy target volume guidelines [13].  However, irradiation of the RPLN region inevitably increases radiation dose to adjacent organs at risk, including the parotid glands and superior pharyngeal constrictors, with an increase in treatment impact upon late xerostomia and dysphagia [8].  

Current curative-intent treatment approaches with curative intent for patients with to head and neck and thyroid cancer represent an often narrow therapeutic window between maintaining cure rates whilst minimising toxicity. This delicate balance is most obvious in the treatment of HPV-related oropharyngeal malignancy with a younger patient demographic. In these cohort, high cure rates are paramount and standard of care chemoradiotherapy is associated with significant acute side effects [14]. Multiple potential long term side effects may consequently impact their quality of life [15], including xerostomia, degrees of dysphagia extending up to gastrostomy dependence[16]. 
There are similar considerations in the treatment of DTC which is on the rise, especially in the adolescents and young female groupswomen. This necessitates different management strategies, focused on reducing adjuvant treatment doses of radioactive iodine ablation (RAI), that may impact on fertility [17]. Isolated recurrent head and neck cancer in the RPLN is rare, and is considered an indication for reirradiation; however this is associated with significant morbidity with potential for skull base osteoradionecrosis, cranial nerve palsies, radiation myelitis, temporal lobe necrosis and major carotid artery events [18,19].

There has been considerable interest in exploring ‘de-escalation’ strategies in view of the substantial toxicity of chemo-radiotherapy [20], and this remains a research priority as seen in Post-operative Adjuvant Treatment for HPV-positive Tumours (PATHOS), E3311 and NRG HN005 ( NCT03952585) [21–24]. The integration of trans-oral surgical resection with stratified adjuvant treatment represents a potential avenue to minimise overall treatment toxicity [25]. However, the presence of retropharyngeal lymphadenopathy significantly complicates the potential surgical plan for head and neck cancer patients, with it being a common exclusion criterion in such studies. 

This review aims to identify the available, relevant literature related to addressing RPLND with TransOral Robotic Surgery (TORS). Its scope is to assess whether this is an alternative, feasible and safe technique that should be considered in the management plan for patients with RPLN involvement; with particular focus on patients with OPSCC, DTC and as a potential salvage treatment in the setting of recurrent disease.

Material & Methods
A literature search was conducted using PubMed, Scopus, Ovid, Embase and Cochrane databases. The search was current as of 20th November 2021. 
The following terms were used: ("transoral"[All Fields] OR "transorally"[All Fields]) AND ("robot"[All Fields] OR "robots"[All Fields] OR "robotically"[All Fields] OR "robotics"[MeSH Terms] OR "robotics"[All Fields] OR "robotic"[All Fields] OR "robotization"[All Fields] OR "robotized"[All Fields] OR "robots"[All Fields]) AND "retropharyngeal"[All Fields]. The reference lists of the relevant papers were also reviewed. 
 
Inclusion criteria involved studies composed of patients with head and neck (including thyroid) cancer and suspicion of RPLN metastasis based on pre-operative imaging that underwent TORS RPLD as part of their treatment. Both primary and salvage TORS RPLND cases were included. 
 
Exclusion criteria included: studies evaluating pediatric patients, known benign retropharyngeal pathology, approaches to the retropharyngeal space other than TORS (whether open or endoscopic but not robotic assisted) and studies with unspecified heterogeneous cohorts (not permitting segregation of data by primary tumor site). Review articles and articles not published in the English language were excluded.

Results 
23 articles were found using the reported search. Two authors (G.G. and J.C.F.) independently assessed the titles and abstracts of the identified articles to determine potential relevance. Any disagreement was resolved by consensus. After reviewing the abstracts, 21 papers were selected to be fully appraised in view of their relevance. 
10 papers were excluded as follows:
· Five were case reports describing TORS for the excision of benign retropharyngeal masses/pathology (two parathyroid adenomas, one lipoma, one schwannoma, and one vascular malformation)
· Two involved RPLN performed through a non-robotic approach (one endoscopic-assisted and one transcervical after the completion of the lateral neck dissection),
· Two reconsidered contraindications to TORS (retropharyngeal internal carotid arteries)
· One was not in Eenglish (Cchinese) 

Based on design, number of patients and origin (high volume/specialized centres); 11 papers were chosen as representing the best evidence to answer the clinical question and summarized in Table 1. A more in-depth review for each study has been outlined in Table 2 (appendix I).
Further to this, a descriptive analysis of the literature for TORS RPLND in OPSCC, thyroid cancer and head and neck recurrence has been detailed below.  

TORS RPLND in OPSCC 
Byeon et al. (2013) were the first to describe transoral RPLND for metastatic SCC using the da Vinci surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA) in the clinical setting [11]. Whilst the study’s originality in using TORS for RPLND served as initial supporting evidence for the technique, its preliminary nature meant that it was naturally characterised by numerous limitations [26]. These included a small sample size (n=5), short follow-up period (confined to the inpatient stay) and absence of a control group. Moreover, there was significant heterogeneity in terms of both the primary tumor site (oropharynx and hypopharynx) and more so crucially the extent of additional procedures performed in the same setting (e.g. lateral oropharyngectomy, lateral neck dissection). Thus, this study can be best viewed as proof-of-concept supporting the feasibility of TORS RPLND [27]. 

Givi et al. (2016) also took on TORS RPLND to manage 12 patients for a mixture of pathologies that included OPSCC (n=9) and papillary thyroid carcinoma (n=3) [28]. The latter group is discussed in the next section. OPSCC patients were compared to matched controls (2:1), where TORS was only used to perform the oropharyngectomy (without proceeding to RPLND).  The presence of a control group and mean follow-up exceeding 12 months constituted the key strengths of the study. However, the lack of comparison in follow-up/survival outcomes in the analysis, together with small patient cohort and sample heterogeneity (different primary tumors with mixture of primary and salvage surgery) does raise concerns. The authors concluded that the addition of RPLND to TORS oropharyngectomy carries a significantly higher risk of complications, with an emphasis on dysphagia and aspiration pneumonia. Nonetheless, this needs to be carefully balanced against the 56% pick up rate of occult metastatic disease that they found in the RPLN that was not apparent on pre-operative imaging (all patients underwent pre-operative CT, PET-CT, or both). 

The same clinical group published a further study one year later [1]. Comparisons were made between TORS outcomes (and selective neck dissection levels II-IV) with and without RPLND (30 vs. 37 age- and stage-matched controls, respectively) for the treatment of early-stage tonsillar SCC. 
This was the largest study reviewed on the subject to date with other strengths relating to the presence of a matched control group and the reporting of a multitude of clinical outcomes. Limitations related primarily to the study’s methodology, in view of the lack of standardization regarding prophylactic vessel ligation and indications for RPLND.  The timeline of this cohort between 2010 and 2013 overlaps with their previously published series [28]. Considering the different indications for RPLND between the two publications, a discussion of the differences between the two cohorts would have been a welcome addition. 
Reviewing their more recent study, the authors reported TORS RPLND not being associated with higher complication rates; heavily contrasting with their earlier published findings [28]. This was, in part, explained by the fact that the authors progressed further ahead in their robotic RPLND learning curve at the time of their second study [29,30]. Swallowing outcomes and length of stay (LOS) were reported not be compromised by the addition of RPLND to conventional TORS oropharyngectomy; albeit surrogate measures were used as opposed to validated tools for the assessment of swallowing. 
One further conclusion proposed by the study was the additional value of robotic RPLND as a (pathological) staging tool in patients with N0 lateral neck disease. This was deduced through reports of their RPLN metastatic rate; found to be 20% (6/30). This enabled the possibility of achieving single (surgical) modality treatment in scenarios where this is already accepted practice (11/30 TORS RPLND patients did not receive adjuvant treatment, 9 of which were N0). 
Conversely, only 3.3% (one patient) were upstaged from N1 to N2b following TORS RPLND, triggering an alteration of treatment recommendations (addition of post-operative radiotherapy). With such a low treatment escalation rate, and additional risks of dysphagia and aspiration, the clinical utility of TORS RPLND as a staging procedure in the N+ lateral neck is called into question. 

The literature search concluded with a number of case reports or small series, demonstrating the feasibility of TORS RPLND in different specialist centers and treatment settings. These included one case report where the single port da Vinci SP surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA) was used (n=1) [31] and a small case series (n=3) where TORS RPLND was used to evaluate (radiologically) suspicious RPLNs [3]. In the latter, only one patient was shown not to have metastatic foci on histopathological examination of the excised RPLN. Even in this single case, new findings did not influence the recommendation for adjuvant therapy, as the patient also had lateral neck metastatic disease. This reinforces the point that the role of TORS RPLND in the N+ lateral neck is questionable as it is unlikely to alter adjuvant treatment recommendations [1]. 

TORS RPLND in Thyroid Cancer
The first two cases of TORS RPLND for the management of RPLN metastases from DTC were reported by Moore et al. (2011) [2]. The patients, aged 66 and 73, both presented with recurrent retropharyngeal metastases several years after having undergone total thyroidectomy, neck dissection and RAI for papillary thyroid carcinoma. The first patient had two nodes excised, whilst a solitary node was excised from the second with the operative time being two hours two minutes and two hours 30 minutes, respectively. Complications were only encountered in the first case in the form of odynophagia lasting four days (not requiring a PEG) and a self-limiting secondary hemorrhage that was successfully managed with conservative measures. The patient was well and disease-free at 1-year follow-up.  
This is the first-in-human study on TORS RPLND, not just for metastatic DTC, but also for any primary site. Whilst this is a significant strength of the paper, it may also address the high complication rates and extended operative times, emphasizing the importance of TORS’ learning curve.  Limitations relate to the fact that this was a case report with no long-term follow-up reported for the second patient. 	Comment by Dr. Chris Holsinger: OK to include, but I’m not sure these minor complications demonstrate “high” complication rates.   First-ever cases often taken longer and due reflect the learning curves.

I’m biased here – so defer as to how your write about this…	Comment by Dr. Chris Holsinger: True: and a limitation of all case reports.

Goepfert (2015) described a further case report on the subject [32]. The report detailed the combination of surgeon-performed intraoperative transoral ultrasound (US) with TORS RPLND for the excision of a metastatic 2.6-centimeter RPLN in a 64-year-old woman that two years prior had undergone total thyroidectomy, neck dissection and RAI for pT3 N1b papillary thyroid carcinoma. The operation was uneventful and total operative time was 35 minutes. 

The following year, Givi et al. [28] evaluated 12 patients that underwent TORS RPLND for a mixture of pathologies that included OPSCC (n=9) and papillary thyroid carcinoma (n=3), previously discussed above. All three patients in the DTC group had been previously treated with total thyroidectomy and neck dissection. During the study period, they underwent TORS RPLND procedures and uneventfully resumed oral diet within the first two post-operative days. No complications were noted and they were all confirmed to have metastatic disease on histopathology. Importantly, none of these patients required further treatment with none reported to have evidence of recurrence on latest follow-up (6, 8, and 12 months, respectively). 

The most recent, largest, and only comparative study on the subject to date is that by Harries et al. [5], which included 65 patients with RPLN metastases from DTC, of which 38% (25/65) were managed conservatively (observation), 20% (13/65) with non-surgical treatment (eg. RAI, external beam radiotherapy, and/or systemic therapy), and 42% (27/65) underwent surgery (RPLND). From the surgical group, 70% (19/27) had a transcervical approach and 30% (8/27) a transoral approach; of which 22% (6/27) underwent TORS RPLND. 
This study carries a number of strengths as it is not only the largest on the subject but it also aimed to directly compare the different management strategies for RPLN metastases from DTC. However, as the authors themselves acknowledge, its limitations make such ‘head-to-head’ comparisons impossible in view of the inherent selection bias present. In the study, there was a tendency for small volume, non-progressive RPLN metastases to be managed conservatively whilst large, progressive ones tended to undergo surgery [33]. Other limitations include its retrospective design, significant heterogeneity and that for the majority of outcomes including within the surgical arm, these were cumulatively reported. 

Despite these drawbacks, key conclusions can be derived from this study. Transoral RPLND route appears to be safer and with lower cranial nerve morbidity compared to the transcervical approach, although they are both characterised by equal and high (25%) dysphagia rates. Furthermore, the authors make important recommendations regarding patient selection for the transoral route for RPLND which include the presence of isolated DTC retropharyngeal metastasis located supero-medially (conversely, they advocate the transcervical route for infero-lateral metastatic RPLN and in patients requiring a concurrent lateral neck dissection). 


TORS RPLND in the Salvage Setting 
Two studies have specifically evaluated the role of TORS RPLND in the salvage setting, both published in 2021. Prior to these, there were only a handful of cases reported in the literature, either within larger preliminary studies [28], or published as individual case reports [34]; all of which have already been discussed above. 

Ding et al. [18] evaluated TORS RPLND as a salvage option for recurrent nasopharyngeal carcinoma manifesting with RPLN metastases. In all TORS RPLND patients (n=10), oncologic resection was complete with negative margins achieved. However, in two patients, open conversion was necessitated due to failure of identifying the recurrent RPLN(s) transorally. 
As expected, most complications were encountered in the open conversion group (one pharyngocervical fistula requiring repair and a hypoglossal nerve palsy, both in the same patient) [35]. In the non-converted TORS RPLND cohort, one patient with grade three dysphagia required nasogastric feeding tube placement. The morbidity reported with TORS RPLND was much lower in comparison to both alternative surgical routes, namely maxillary swing and endoscopic-assisted transcervical approach based on the authors’ previous published experience. 

The main strength of this study relates to the novel application of TORS RPLND as a salvage treatment option in recurrent NPC that had not been reported before. The limitations relates to pre-operative selective employment of interventions, in particular pre-operative internal carotid artery (ICA) embolization (preceded by balloon occlusion testing) and induction chemotherapy, without clear pre-defined criteria. The impact of such interventions on the reported safety and oncological outcomes witnessed in this series is uncertain and undetermined, with long-term neurological outcomes for those patients that underwent pre-operative ICA embolization requiring further scrutiny. Finally, the introduction of intraoperative US in the latter half of the cohort appears to represent an important adjunct in terms of reducing the risk of open conversion (and thus complications) as well as operative time and blood loss (although the latter two did not reach statistical significance). 

The second and latest study on the subject by Dabas et al. [19] also included 10 patients. However, in this study TORS RPLND was employed as a standalone salvage treatment for recurrent disease originating from a multitude of different primary tumor sites in the head and neck. 
In nine cases, one RPLN was excised, whilst in the last case, two were removed, with all 11 confirmed to be metastatic on histopathological examination (extranodal extension confirmed in three specimens). One case necessitated open conversion (via a transcervical approach) due to ICA encasement. No major complications were reported or tracheostomies performed, although all patients were fed via a nasogastric feeding tube for five days following surgery. The mean console time was 28.5 minutes (with an additional mean docking time of five minutes). 

These early findings support TORS RPLND as a safe, feasible and promising oncological treatment and reiterate the importance of careful patient selection for TORS (one of the exclusion criteria was an inter-incisor distance less than three centimeters) [36]. The key strength of this study is that oncological outcomes were evaluated in addition to functional ones though its small sample size and significant heterogeneity made it unfeasible to comment on its potential impact on survival. This mandates larger prospective studies with inclusion of a control group, another important study limitation.

Discussion
RPLN metastases are encountered in a variety of head and neck malignancies and pose significant surgical challenges in view of their distinct location and proximity to critical neurovascular structures (Figure 1). Of note, multiple radiology series have demonstrated that RPLN involvement is limited in head and squamous cell carcinomas to the lateral rather than medial retropharyngeal compartment [8–10,37,38]. This is reflected in updated international radiotherapy contouring atlases [39] and lymph node level selection guidelines [13], which can logically also be reflected in surgical approaches. 
Recommended treatment of RPLN involves (chemo)radiotherapy in many squamous cell carcinoma cases [40]. Of particular concern is the proximity of this region to the superior pharyngeal constrictor muscles, identified as a key organ at risk related to long term swallow dysfunction [41], fueling a renewed interest in de-escalation strategies [21]. Recognition of the potential toxicity impact of irradiation of the RPLN region has been an important factor behind a number of international radiation oncologists arguing in favour of sparing the contralateral retropharyngeal nodal basins in the clinically uninvolved side of the neck [42–44].

In addition to concern regarding the potential toxicity of irradiation of the RPLN, consideration of a surgical approach to the retropharyngeal region has been driven by: 
1. Advancement of TORS technology
2. Widespread uptake as a treatment modality in relation to other upper aerodigestive tract tumours 
3. High morbidity from traditional open surgical approaches to the retropharynx. 

Proxy evidence from the published literature offers the potential that morbidity resulting from TORS RPLND in early series can be ameliorated once the learning curve has been surpassed. The ability to surgically resect this region without an open operation certainly offers another potential treatment modality for this relatively inaccessible area. However, the role for this surgery is far from clear, and the evidence from early proponents of this technique still offers significant concerns from both an oncological and patient safety aspect. 
Higher quality evidence is needed and the studies reported all offer level IIIb/IV evidence at best with heterogenous patients groups, short follow-up, no quality of life data and a lack of standardized reporting tools for dysphagia and other complications. Furthermore, the morbidity data is far from insignificant. Although attempts are made in the literature for case-control comparisons with patients not undergoing RPLND, the retrospective nature makes this difficult to interpret with a high risk of bias. 

However, complication rates of significant dysphagia (with prolonged nasogastric feeding), pneumonia, bleeding and velopharyngeal insufficiency are all described and common. Whilst we appreciate that any treatment modality addressing this difficult anatomical region will have a morbidity profile; the lack of evidence in favor of RPLND demonstrating a change in oncological management plan for OPSCC in Troob et al.’s case-control study [1] is concerning. Nevertheless, the poor prognosis that RPLN involvement imparts does help alleviate and justify this concern. The potential for an isolated positive RPLN in the absence of other nodal disease in such OPSCC cases is highly unlikely [45]. Subsequently, given the poor prognosis on disease behaviour that even a single node in this region would predict, avoidance of adjuvant treatment is unlikely [9].
The involvement of retropharyngeal nodal basin in positive lateral neck disease is negatively associated with locoregional control, recurrence-free, disease-free, and overall survival [9]. In OPSCC, this cohort are therefore inappropriate to target in de-intensification strategies and RPLND would be likely to add significant complications to the overall treatment package, without eliminating the need for adjuvant therapy. 

However, on this point one area of potential interest for a RPLND is in the management of some early stage oropharyngeal, node-negative cancer patients, for whom single modality treatment with radiotherapy or surgery is intended.  International guidelines for the selection of uninvolved lymph node levels for elective irradiation include the ipsilateral RPLN region for even radiologically node negative oropharyngeal cancer patients [13].  By contrast, with standard transoral surgical approaches combined with a neck dissection the RPLN is untreated.  Detailed recurrence pattern analyses from single modality surgical treatment of this type will help stratify which of these patients are at risk of RPLN metastasis and require elective treatment of this region.  However, currently, in the absence of a RPLND, this represents an inherent limitation of a surgical approach, for patients with a pattern of disease suggestive of a RPLN risk, for example patients with soft palate involvement which carries an increased risk of RPLN metastases [8].  Development of a safe approach to a RPLND would increase the group of patients for whom a trans-oral surgical approach may offer an alternative to radiotherapy.  This  is not a cohort of patients addressed with the current evidence base for RPLND.
The published series addressing TORS RPLND certainly demonstrate that this is a feasible approach to the RPLN, and a potential desirable alternative to traditional open approaches. The low level oncological data of TORS RPLND support further research into two further clinical scenarios: the first relates to the management of an isolated RPLN recurrence in the salvage setting of head and neck malignancy; the second, for therapeutic management of confirmed DTC metastasis. Both scenarios would require detailed consent of the potential complications as well as comprehensive multidisciplinary support, with pre- and post-op speech and language therapy involvement of key importance. Indeed, thyroid indications are perhaps even more nuanced given that most retropharyngeal involvement is in a recurrent disease setting and even then, small, non-progressive nodes appear safe to be observed [5].

In summary, specialist centres report a feasible minimally invasive TORS approach to the retropharynx, providing an alternative surgical approach compared to open techniques. The procedure still demonstrates a significant morbidity burden, even after robotic learning curve progression, and therefore patients and multidisciplinary teams must be fully engaged with a prolonged post-operative recovery. 
The potential role for TORS RPLND in de-intensification strategies has not been adequately demonstrated and this rare presentation makes a multi-centre randomized control trial unlikely and indeed undesirable given the poor prognostic group involved. However the role of RPLND in node-negative OPSCC deserves further investigation, allowing the potential of single modality (surgery) to address a typically at risk site. Isolated disease recurrence in a salvage setting would appear to represent an appropriate indication, in a carefully selected patient and confined to high volume centres, with experienced head and neck surgeons trained in both open and transoral robotic surgery.  Thyroid cancer patients should be considered separately and an update on the long-term natural history of recurrent RPLND in this setting would be welcome. In line with modern oncological practice, multidisciplinary input remains paramount for patient optimization and recovery. 
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Figure Caption


Figure 1. Transoral anatomical illustration of the retropharyngeal lymph node group. The classic division into 2 anatomically distinct subgroups, namely the medial (yellow) and lateral (purple) chains is depicted. The latter are also known as the nodes of Rouviere. Note their close proximity to critical neurovascular structures including the internal carotid artery, cervical sympathetic chain (superior cervical ganglia), and medial pterygoid, superior pharyngeal constrictor, and longus colli muscles.  
Table 1

	Study 
(year)
	Study Type 
(EL)
	Primary Ca Site
(no. of patients)
	Measured Outcomes
	Strengths
	Limitations
	Conclusions

	Byeon et al
(2013) [11]
	CS
(IV)
	OPSCC (4; 3 T2, 1T3) 
HPSCC (1)
	Complications/ BL
Lymph node yield 
Operative time 
NGT feed duration
	First study evaluating TORS; RPLND as primary treatment
	Small study; 
No follow-up; 
Heterogenous sample
	Feasible & Safe; 
No increased risk of fistula formation

	Givi et al (2016) [28]
	CCS
(IIIb)
	OPSCC w RPLND 
(9; 2 recurrence)
OPSCC without RPLND (24)
PTC(3)
	Complications
Follow up
NGT Feed duration 
LOS
	Control group presence;
Mean follow-up exceeds 12 months
	Small cohort; 
Follow-up not stated for control group;
Heterogeneous sample;
Selective comparison with OPSCC only
	Significantly higher complications rates;
None of PTC group required further treatment

	Troob et al 
(2017) [1]
	CCS
(IIIb)
	Tonsil OPSCC w RPLND (30) 
Tonsil OPSCC without RPLND (37)
	Surgical Complications
weight/ BMI change
NGT feed duration
LOS
	Largest study to date; 
Control group present;
Several reported outcomes
	Short follow-up period;
Significant overlap with previous study (Givi 2016);
No standardization of measured outcomes
	Does not increase risk of complications, LOS or NGT dependence; 
Valuable staging information in N0/N1

	Tsang et al 
(2018) [31]
	CR 
(V)
	Tonsil OPSCC T1N2b HPV +ve (1)
	Surgical margins 
Complications 
Operative time 
NGT feed & LOS
	 First to assess safety of da Vinci SP robot in RPLND
	Single patient; 
Short follow up period
	Feasible to perform RPLND as single surgery with primary tumor excision

	Petruzzi et al (2019) [34]
	CR 
(V)
	Isolated RPLN metastasis (1)
	Surgical Margins 
Complications 
Operative Time 
NGT feed duration 
LOS
	First study to asses feasibility of TORS RPLND in recurrent cancer treatment 
	Single patient 
Not possible to comment on need for tracheostomy (previous laryngectomy) 
	TORS RPLND is safe and feasible for recurrent cancer in retropharynx, even if previous radiotherapy

	Park et al 
(2019) [3]
	CS 
(IV)
	Tonsillar OPSCC (3)
	Operative Findings 
Complications 
Lymph Node yield
	TORS potential for diagnostic importance in RPLN
	Smll study & no control group;
No follow-up 
	Morbidity of TORS RPLND is minimal; 
Oropharyngeal defects heal by 2nd intention; 
Imaging accuracy of RPLN is limited

	Moore et al 
(2011) [2] 
	CR (V)
	DTC (2; previous total thyroidectomy & RAI)
	Complications 
Operative Time 
	First study to evaluate TORS RPLND in DTC 
	Small cohort & no control group; no follow-up
	Morbidity compared to conventional approaches is minimal

	Goepfert et al (2015) 
[32]
	CR (V)
	T3N1b DTC (1)
	Complications 
Operative Time 
LOS 
Follow-up
	Use of transoral US; 
Low operative time, no complications;
Complete RAI uptake on follow-up
	Single patient and short follow-up; 
No validated tool for dysphagia
	Transoral US can further add to safety and oncological value; 
Low morbidity provided careful patient selection and expertise 

	Harries et al 
(2020) [5]
	CS (IV)
	DTC (25 conservative, 
13 non-surgical; 
27 surgery – 6 TORS)
	Disease Specific Survival & metastasis Free Probability 
Complications 
	Evaluated different management for RPLN in DTC
	Retrospective study 
Selection bias; 
Cannot differentiate TORS RPLND from non-robotic approaches 
	TORS RPLND less complications than transcervical approach; High dysphagia rate; 
Recommend TORS in supero-medial RPLN

	Ding et al. 
(2020) [18]
	CS 
(IV)
	Recurrent NPC (10)
	Surgical Margins 
Complications 
Relapse free survival 
Intra-operative US
Follow-up 
	First to study TORS RPLND as salvage in recurrent NPC; 
Relatively Long follow-up 
	Sample Size & retrospective design; 
Pre-op embolization and induction chemotherapy may impact safety/ oncological outcomes
	TORS RPLND feasible in recurrent NPC; Associated with lower morbidity compared to other approaches 


	Dabas et al (2021) [19]
	CS 
(IV)
	OPSCC (6), Nasopharynx (1), DTC (1), Ethmoid sinus (1), Unknown primary (1).
9 previously treated with RT
	Lymph Node Yield 
Complications 
Operative Time 
NGT dependence/ Tracheostomy 
LOS 
	Only Study to assess TORS RPLND for salvage treatment; 
Relatively Long Follow-up period 
	Sample size & retrospective design; 
Heterogenous sample; 
No control group
	TORS RPLND is feasible in the salvage setting 
Patient selection is important - consider ICA encasement and inter-incisor distance 




Table 1. Summary of literature reporting the role of TORS for retropharyngeal metastases in head and neck and thyroid cancer. 

Abbreviations: EL – Evidence Level; CS – Case Series; CCS - Case Control Study; CR – Case report; TORS – transoral robotic surgery; RPLND – retropharyngeal lymph node dissection; OPSCC – oropharyngeal squamous cell carcinoma; HPSCC – hypopharyngeal squamous cell carcinoma; NPC – nasopharyngeal carcinoma; PTC – papillary thyroid cancer; RAI – radioactive iodine ablation; LOS – length of stay; HPV – Human Papilloma Virus; BMI – body mass index; PEG – percutaneous endoscopic gastrostomy; US – ultrasound; ENE – extranodal extension. 








Table 2 (Appendix I)

	Byeon et al. 2013 (South Korea) [11]
	Case Series (Retrospective): Level IV Evidence

	Patient Group 
	5 patients; mean age 56 years (range: 38-69)

	Aetiology of Disease Studied
	OPSCC (total n=4: tonsillar T2 n=3, tonsillar T3 n=1), HPSCC (total n=1: posterior pharyngeal wall T2)

	Operative Interventions 
	All OPSCC patients had N2b disease, underwent Selective neck dissections (levels II-IV) before TORS (single-stage procedure). 2 patients had bilateral neck dissections.  
HPSCC patient had N1 disease (retropharyngeal); neck not treated for disease

	Measured Outcomes
	Safety and feasibility of TORS RPLND with da Vinci surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA)

	· Complications & Blood Loss 
	No complications (0 fistulae), Intraoperative blood loss: 11.2+1.5ml

	· Lymph yield & ratio (RPLND)
	Mean lymph node yield: 1 (range: 1-2); involved retropharyngeal lymph node excised in 4/5 cases

	· Operative & Console Time
	Mean total TORS operative time: 84+18.5min; mean console time for RPLND: 29.2+9.4min

	· Duration of NGT feed 
	Mean duration of nasogastric feeding tube dependence: 5 days (range: 1-13 days)

	· Need for Covering Tracheostomy 
	1 patient required a covering tracheostomy with 14-day decannulation time; in patient necessitating reconstruction with a free flap (returned to oral diet after 13 days and hospitalised for 24 days)

	· LOS
	11 days (range: 7-24)

	Study Strengths 
	First clinical study to evaluate the safety and feasibility of TORS for performing RPLND as primary treatment for metastatic squamous cell carcinoma of the head and neck

	Study Limitations 
	· Small study (n=5), with a retrospective design and no control group
· No follow-up beyond immediate post-operative period 
· Heterogeneous sample, despite small population, both in terms of primary tumor site (oropharynx and hypopharynx) and crucially type/extent of additional surgery performed as single stage

	Conclusions 
	· TORS is a feasible & safe minimally invasive approach for RPLND +/- lateral oropharyngectomy 
· TORS RPLND does not appear to increase the risk of fistula formation (even when lateral neck dissection is performed as single-stage procedure) 
· The role of TORS RPLND when free flap reconstruction is required appears questionable

	Givi et al. 2016 (USA) [28]
	Single centre case series & case control study (for OPSCC group) series (Retrospective): Level IIIb Evidence

	Patient Group 
	12 patients; Median age 63 years (range: 43-73)

	Aetiology of Disease Studied
	OPSCC (total n=9: 2 patients treated for recurrence), OPSCC matched controls (TORS without RPLND, n=24)
PTC (n=3, all previously treated with thyroidectomy and neck dissection)

	Operative Interventions 
	TORS for RPLND

	Measured Outcomes
	Assess risk-benefit ratio of elective RPLND, OPSCC group compared with matched controls 

	· Complications
	Complication rates were higher in OPSCC TORS RPLND vs. OPSCC control (78% vs. 33%, p=0.02)
66% overall complication rate for TORS RPLND group (n=8): aspiration pneumonitis (n=5),Horner’s syndrome (n=1), Velopalatine insufficiency with Horner’s syndrome (n=1) & Haemorrhage requiring return to theatre (n=1)

	· Follow-up 
	Median 10 months (mean: 14, range: 2.4-24.3)

	· Duration of NGT feed & LOS
	OPSCC control vs. OPSCC TORS RPLND groups: no difference in duration of NGT tube dependence or LOS 

	Study Strengths 
	Control group present and mean follow-up period exceeding 12 months

	Study Limitations 
	· Small patient cohort (n=11)
· Follow up status reported for TORS RPLND group but not control group
· Heterogeneous sample, with different pathologies (OPSCC/PTC) & primary/recurrent disease 
· Selective comparison for OPSCC group only
· No validated tools used for dysphagia evaluation

	Conclusions 
	· TORS RPLND is feasible & safe (PTC & OPSCC), although exhibited significantly higher complication rates
· 56% of OPSCC patients treated with TORS RPLND had occult metastatic disease
· None of the 3 PTC patients required further treatment, with no evidence of recurrence reported on their follow-up (6, 8, and 12 months, respectively)

	Troob et al. 2017 (USA) [1]
	Case Control Study: Level IIIb Evidence

	Patient Group 
	30 patients TORS RPLND (median age 61 years, range: 44-75 years) 
37 matched controls (median age 60 years, range: 40-88 years) undergoing TORS without RPLND 

	Aetiology of Disease Studied
	Both groups had early (T1 or T2) primary OPSCC tonsillar tumours, only 1 patient in each group having a T3 tumour with the vast majority (in both groups) being HPV-positive

	Measured Outcomes
	Safety and feasibility of TORS RPLND with da Vinci surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA)

	· Incidence and grade of surgical complications
· Complications & 
post-operative haemorrhage 
· Net changes in weight and BMI
· Duration of NGT feed 
· LOS
	Metastatic OPSCC in the retropharyngeal lymph nodes was detected in 6 patients (20% of TORS RPLND cases). The results of TORS RPLND altered the recommendations for adjuvant therapy in 1 patient (3.3%).
There was no statistically significant difference in complications between the TORS RPLND and control groups (10/30 vs. 9/37), post-operative haemorrhage (6/30 vs. 7/37, p=0.98), pre- and post-operative net changes in weight (5.5kg (SD=3.5kg) vs. 3.2kg (SD=3.2kg), respectively, p=0.18) & BMI (0.7kgm-2 vs. 1.4kgm-2, respectively, p=0.27), length of NGT dependence (median: 12 vs. 9 days group, p=0.89) or LOS (median: 4 days for both groups, range: 2-11 days vs. 3-17 days, p=0.58)

	Study Strengths 
	Largest study to date, control group present, numerous clinical outcomes reported

	Study Weaknesses 
	· Short follow-up period 
· Potential significant overlap of cohorts with previously reported series [28]
· Vessel ligation for postoperative haemorrhage prevention was performed at the surgeon’s discretion; this lack of standardization makes postoperative haemorrhage rates challenging to compare
· Lack of standardization regarding duration of NGT dependence; patients who received a PEG at the time of surgery were excluded from the duration of feeding tube use 
· Indications for RPLND were not standardised but based on surgeon preference
· No validated tools to assess swallowing outcomes were used

	Conclusions 
	· TORS RPLND is feasible & safe. It does not substantially increase the risk of complications, LOS, or duration of NGT dependence compared to TORS alone for early tonsillar tumours (T1-T2)
· TORS RPLND may provide valuable staging information in N0-N1 disease; although the number of patients that have altered management based on RPLND pathology report is very small.

	Tsang et al. 2018 (Hong Kong) [31]
	Case Report:  Level V Evidence

	Patient Group 
	63-year-old male

	Aetiology of Disease Studied
	T1 N2b M0 HPV-positive SCC of left tonsil

	Operative Interventions 
	RPLND immediately after TORS oropharyngectomy with no intra- and post-operative complications

	Measured Outcomes
	Evaluation of safety & feasibility of TORS RPLND with single port robotic system da Vinci SP surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA)

	· Pathology Report
	Surgical margins were clear on final histopathological specimen

	· Complications
	Minor capsule rupture of RPLND occurred; attributed to the lack of haptic feedback with the da Vinci robot

	· Operative & Console Time
	Exposure time (Boyle-Davis gag): 5min, docking: 4min and console time: 85min

	· Need for NGT/ Tracheostomy 
	No tracheostomy or NGT insertion was required with the patient returning to oral diet on day 1

	· LOS
	5 days

	Study Strengths 
	First clinical study to evaluate safety and feasibility of da Vinci SP surgical robot

	Study Weaknesses 
	· Single patient (case report)
· Short follow-up period (30 days)

	Conclusions 
	· It is both feasible and safe to perform RPLND at the same as TORS for early tonsillar tumors with the single port robot

	Petruzzi et al. 2019 (Italy) [34]
	Case Report:  Level V Evidence

	Patient Group 
	68-year-old male

	Aetiology of Disease Studied
	Isolated retropharyngeal metastasis (2 previous head and neck primaries)

	Operative Interventions 
	TORS RPLND

	Measured Outcomes
	Evaluation of safety and feasibility of TORS RPLND in recurrent head and neck cancer (including previous radiotherapy to the area)

	· Pathology Report
	Surgical margins were clear on final histopathological specimen

	· Complications
	None (despite previous radiotherapy)

	· Operative & Console Time
	Exposure (FK retractor) and docking time: 14min and console time: 42min

	· Duration of NGT feed 
	NGT removed after 3 days, soft diet for 20 days prior to restarting normal diet

	· LOS
	4 days

	Study Strengths 
	First clinical study to evaluate the safety and feasibility of TORS RPLND for the treatment of recurrent 
head and neck cancer

	Study Weaknesses 
	· Single patient (case report)
· Not possible to comment on need for covering tracheostomy (previous total laryngectomy)

	Conclusions 
	· TORS RPLND appears to represent a safe and feasible salvage option for recurrent head and neck cancer in the retropharynx, even in the presence of previous radiotherapy to the area

	Park et al. 2019 (South Korea) [3]
	Case Series (Retrospective): Level IV evidence

	Patient Group 
	3 patients; Mean age 42 years (range: 31-50 years)

	Aetiology of Disease Studied
	Primary tonsillar SCC and suspicion of RPLN metastases (pre-operative imaging), 2 P16 positive

	Operative Interventions 
	TORS lateral oropharyngectomy & TORS RPLND with lateral neck dissection (single stage)

	Measured Outcomes
	Evaluation of the clinical usefulness of TORS RPLND

	· Intra-operative Findings
	Metastatic foci following TORS RPLND confirmed in 2/3 patients

	· Complications
	There were no intraoperative neurovascular injuries (despite initial internal exposure of a short segment of the ICA in all 3 cases)  All oropharyngeal defects were allowed to heal by secondary intention.
One patient developed mild velopalatine insufficiency that eventually resolved with conservative measures

	· Lymph node yield 
	The lymph node yield for RPLND was 1 in all 3 cases

	Study Strengths 
	This study illustrates the important role that TORS RPLND may have from a diagnostic viewpoint by directly comparing pre-operative imaging characteristics with post-operative histopathological examination of the resected retropharyngeal lymph nodes

	Study Weaknesses 
	· Small retrospective study (n=3)
· No control group 
· No follow-up beyond immediate post-operative period

	Conclusions 
	· TORS provides a safe and ‘natural’ approach for performing RPLND 
· Current imaging modalities (CT, MRI and PET-CT) have limited accuracy when it comes to assessing retropharyngeal lymph nodes for the presence of metastases.
Thus, TORS RPLND may have an important diagnostic role to play in the accurate (pathological) staging of OPSCC (which in turn can have important clinical implications) 

· The morbidity of TORS RPLND is minimal (in direct contrast to all open approaches to the retropharyngeal space which are inherently challenging, associated with poor access and a high morbidity) 
· Oropharyngeal defects following TORS lateral oropharyngectomy and RPLND can be generally left to heal by secondary intention

	Moore et al. 2011 (USA) [2]
	Case Report:  Level V Evidence

	Patient Group 
	2 patients, aged 66 and 73

	Aetiology of Disease Studied
	Recurrent metastatic PTC to the RPLN 
(both originally treated with total thyroidectomy, neck dissection and RAI)

	Operative Interventions 
	Nasotracheal intubation & TORS RPLND (first case wound healed by secondary intention, local pharyngeal flap used for second case)

	Measured Outcomes
	Evaluation of safety and feasibility of TORS RPLND in recurrent metastatic PTC to the retropharyngeal lymph nodes

	· Complications
	Odynophagia and secondary haemorrhage managed conservatively (25ml estimated blood loss) (patient 1)

	· Operative Time
	Total operative time: 2h 2min and 2h 30min, respectively

	Study Strengths 
	First clinical study to evaluate the safety and feasibility of TORS RPLND for the treatment of metastatic PTC involving the retropharyngeal lymph nodes

	Study Weaknesses 
	· Two patients (case report)
· No follow-up data beyond immediate post-operative period for second patient
· No control group

	Conclusions 
	· TORS is both feasible and safe for RPLND
· TORS RPLND is oncologically sound for the management of metastatic PTC involving the retropharyngeal lymph nodes
· The morbidity of TORS RPLND is minimal (in comparison to conventional approaches)

	Goepfert et al. 2015 (USA) [32]
	Case Report:  Level V Evidence

	Patient Group 
	63-year-old male

	Aetiology of Disease Studied
	Recurrent metastatic 2.6cm left retropharyngeal lymph node from pT3 N1b PTC originally treated with total thyroidectomy, neck dissection and RAI 2 years prior.

	Operative Interventions 
	TORS RPLND - intraoperative transoral US facilitated incision placement and operative localisation of RPLN

	Measured Outcomes
	Evaluation of safety and feasibility of surgeon-performed intraoperative transoral US combined with TORS RPLND in recurrent metastatic PTC

	· Complications
	Minimal bleeding (not quantified)

	· Operative Time
	35 minutes

	· LOS
	1 days

	· Follow-up
	At 4-month follow-up no issues and complete resolution of RAI uptake in retropharyngeal area

	Study Strengths 
	· Use of surgeon performed transoral US facilitated incision placement and lymph node localisation 
· Low operative time (35 minutes), minimal bleeding, no complications, 1 night LOS 
· Complete resolution of RAI uptake in retropharyngeal area at 4 months

	Study Weaknesses 
	· Single patient (case report) and short follow-up (4 months)
· No validated tools used to assess swallowing outcomes for initial reported dysphagia

	Conclusions 
	· Surgeon-performed intraoperative transoral US can further add to the safety and oncological value of TORS RPLND; through improved localisation of the retropharyngeal lymph node(s) itself and its relationship to major neurovascular structures at risk due to their very close proximity
· Low morbidity provided careful patient selection, surgical expertise and equipment availability 

	Harries et al. 2020 (USA) [5]
	Single Centre Case Series:  Level IV Evidence

	Patient Group 
	65 patients (all RPLN from PTC), Median age: 42 (16-82) years for whole cohort, 38/27 F:M ratio
· 25 (38%) managed conservatively (observation)
· 13 (20%) managed with non-surgical treatment (RAI, EBRT, and/or systemic therapy)
· 27 (42%) underwent surgery (RPLND), 19 (70%) through a transcervical approach & 8 (30%) through a transoral approach, of which 6 (22%) underwent TORS RPLND

	Operative Interventions 
	Trans-oral and trans-cervical RPLND

	Measured Outcomes
	Determining indications for RPLND and for optimal surgical route (transcervical vs. transoral)

	· Disease Specific Survival & Metastasis-Free Probability
	In the (combined) RPLND group (n=27) the estimated 5-year rate of local retropharyngeal metastasis control was 92%. In the transoral RPLND group (n=8) there were no locoregional recurrences by final follow-up, although one patient developed pulmonary metastases at 49 months 

	· Complications
	The rate of dysphagia was 25% in both the transcervical and the transoral RPLND routes. In the transcervical route subgroup, one patient developed a hypoglossal nerve palsy.

	Study Strengths 
	· Largest study on the subject 
· Evaluated different management strategies for RPLN metastases in PTC 

	Study Weaknesses 
	· Retrospective study 
· Cannot differentiate TORS RPLND from non-robotic transoral approaches for most outcomes
· Selection bias (related to both physicians and patients) and more quiescent disease in conservative arm compared to treatment arms as well as small numbers in each make it difficult to compare ‘head-to-head’ the different approaches (e.g. small volume, non-progressive RPLN metastases tended to be managed conservatively whilst large, progressive ones tended to undergo surgery)

	Conclusions 
	· TORS RPLND is safe and associated with less complications than the transcervical approach 
· High dysphagia rate (25%), same for transcervical and transoral approaches
· TORS RPLND is recommended for isolated PTC metastasis in supero-medially located retropharyngeal lymph nodes 

	Ding et al. 2020 (China) [18]
	Case Series (retrospective): Level IV Evidence

	Patient Group 
	10 patients; Median age: 38 (32-47) years, 3/7 F:M ratio

	Aetiology of Disease Studied
	Recurrent NPC manifesting with retropharyngeal lymph node metastases 

	Operative Interventions 
	TORS RPLND; 2 patients underwent open conversion due to failure to identify the recurrent RPLN

	Measured Outcomes
	Evaluation of safety and feasibility of TORS RPLND using the da Vinci Si/Xi surgical robot (Intuitive Surgical®, Inc., Sunnyvale, CA) for recurrent NPC manifesting with RLPN

	· Intra-Operative findings 
	Clear margins 

	· Complications
	Grade 3 dysphagia in 1 TORS RPLND patient (requiring NGT), 1 pharyngocervical fistula (requiring repair) and a hypoglossal nerve palsy in 1 of the open conversion patients

	· Relapse free survival
	86% at 3 years

	· Intra-Operative Ultrasound
	The introduction of intraoperative US (last 5 cases) was associated with no further need for open conversion as well as a reduction (not statistically significant) in both operative time (229+30min vs. 363+141min, p=0.117) and blood loss (21+17ml vs. 58+54ml, p=0.136)

	· Follow-up
	Median follow-up of 19 (3-40) months, with 1patient developing cervical recurrence

	Study Strengths 
	· This is the first study to examine the safety and feasibility of TORS RPLND as a salvage option in recurrent NPC manifesting with retropharyngeal lymph node metastases
· Relatively long follow-up (still short of 5 years post-treatment completion).

	Study Weaknesses 
	· Small sample size (n=10) and retrospective design 
· Pre-operative ICA embolization and induction chemotherapy indications need clarification; their selective makes it difficult to understand their impact on the reported safety and oncological outcomes witnessed in this series

	Conclusions 
	· TORS RPLND is safe, feasible and appears to be an oncologically sound salvage treatment option for managing RPLN metastases in recurrent NPC 
· TORS RPLND was associated with a lower morbidity than both the maxillary swing and endoscopic-assisted transcervical approaches for RPLND from the authors’ previous published experience

	Dabas et al. 2021 (India) [19]
	Single Centre Case Series Level IV Evidence

	Patient Group 
	10 patients; Mean age 59 years (range: 51-71 years)

	Aetiology of Disease Studied
	Site of primary tumor: oropharynx (n=6), nasopharynx (n=1), thyroid (n=1), ethmoid sinus (n=1), unknown primary (n=1).
9/10 patients had been previously treated with radiotherapy (adjuvant/ primary) and all had evidence of retropharyngeal lymph node metastases on post-treatment PET-CT.

	Operative Interventions 
	TORS RPLND - intraoperative transoral US facilitated incision placement and operative localisation of RPLN
· 9 patients had one RPLN excised, whilst 1 patient had 2 
· All 11 excised lymph nodes contained metastatic tumour deposits, with 3 specimens exhibiting ENE 
· 1 patient required an open approach (partial encasement of the ICA)

	Measured Outcomes
	Evaluation of safety and feasibility of surgeon-performed intraoperative transoral US combined with TORS RPLND in recurrent metastatic PTC

	· Lymph Node Yield for RPLND
	Minimal bleeding (not quantified)

	· Complications 
	2 patients developed post-operative wound dehiscence that required secondary suturing. 4 patients developed velopalatine insufficiency that conservatively resolved after 3 weeks, and another 4 patients reported hypernasality

	· Operative Time
	Exposure (FK retractor) and mean docking time: 5min and console time: 28.5min 

	· NGT dependence/ Tracheostomy
	All patients were fed via a NGT for 5 days post-operatively, no tracheostomy performed

	· LOS
	1.8 days

	· Follow-up
	At median follow-up of 20 months: 4 patients developed distant recurrence, 3 dying from their disease

	Study Strengths 
	· First and only study assessing role of TORS RPLND as a standalone treatment in the salvage setting
· In addition to safety, feasibility, and functional (swallowing) outcomes, authors also reported on oncological outcomes
· Relatively long follow-up (still short of 5 years post-treatment completion) 


	Study Weaknesses 
	· Small sample size (n=10), retrospective design
· Also, heterogeneous sample in view of multiple different primary tumour sites
· No control group

	Conclusions 
	· TORS is both feasibility and safe for RPLND in the salvage setting 
· TORS RPLND appears to also be oncologically sound in the salvage setting, though based on this study no conclusions can be derived about its impact on survival 
· Importance of patient selection evident in view of need for open conversion in one patient due to partial encasement of ICA and exclusion of all patients with inter-incisor distance <3cm 



Table 2. Comprehensive Summary of Studies evaluating the role of TORS for retropharyngeal metastases in head and neck and thyroid cancer. 

Abbreviations: TORS – transoral robotic surgery; RPLND – retropharyngeal lymph node dissection; SCC – squamous cell carcinoma; OPSCC – oropharyngeal squamous cell carcinoma; HPSCC – hypopharyngeal squamous cell carcinoma; NPC – nasopharyngeal carcinoma; PTC – papillary thyroid cancer; RAI – radioactive iodine ablation; LOS – length of stay; SD – standard deviation; HPV – Human Papilloma Virus; ICA – internal carotid artery; ECA – external carotid artery; IJV – internal jugular vein; BMI – body mass index; PEG – percutaneous endoscopic gastrostomy; SP – single port; US – ultrasound; CT – computed tomography; MRI – magnetic resonance imaging; PET-CT – positron emission tomography computed tomography, ENE – extranodal extension. 


