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Abstract

Up to 85% of the patients with nasopharyngeal carcinoma present with regional nodal metastasis.
Although excellent nodal control is achieved with radiotherapy, a thorough understanding of the current
TNM staging criteria and pattern of nodal spread is essential to optimize target delineation and minimize
unnecessary irradiation to adjacent normal tissue. Selective nodal irradiation with sparing of the lower
neck and submandibular region according to individual nodal risk is now emerging as the preferred
treatment option. There has also been continual refinement in staging classification by incorporating
relevant adverse nodal features. As for the uncommon occurrence of recurrent nodal metastasis after
radiotherapy, surgery remains the standard of care.
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Introduction

A well-known clinical feature of nasopharyngeal carcinoma (NPC) is its tendency for early
spread to the rich submucosal lymphatic network of the nasopharynx (NP) and the cervical lymph
nodes (LNs). Due to the inconspicuous symptoms related to the primary tumor, most (76%) patients
present with a painless neck mass prompting medical attention [1], and up to 85% of nodal metastases
are found at the time of disease presentation [2]. Occurrence of skip nodal metastasis is rare and nodal
spread typically follows an orderly pattern [3].

With such a high incidence of nodal metastasis in the cervical region, this article aims to summarize
the current management of the neck in NPC through a comprehensive review of the recent literature.
Evolving modifications in nodal classification and salvage strategies in nodal recurrence are also
discussed.

General approach

For patients who present with suspicious cervical lymphadenopathy, especially in the endemic
regions where NPC is prevalent, initial examination may be endoscopic examination and biopsy of the
NP, rather than fine needle aspiration of the neck mass. Subsequent work up includes appropriate
biopsy of the primary tumor and/or the node, physical examination with particular attention to cranial
nerve function, plasma Epstein Barr Virus (EBV) DNA, computed tomography (CT) scanning,
magnetic resonance imaging (MRI) and Fluorine-18 fluorodeoxyglucose positron emission
tomography (FDG-PET). Radiotherapy (RT) with or without chemotherapy remains the primary
modality of treatment [4], while surgery is reserved for persistent nodal disease or relapse.

Incidence and patterns of nodal involvement

Incidence and patterns of nodal involvement have significant implications on the design of RT
treatment portals. As NPC is primarily treated by RT, standard radiologic criteria of LN metastasis are
actually derived empirically from the experience of surgically treated head and neck squamous cell
carcinoma (HNSCC) [5]; and correlation of radiologic with pathologic findings to our knowledge has
not been reported in the literature for NPC. Radiological criteria of nodal metastasis usually include: 1)
retropharyngeal LNs > 5 mm or cervical LNs > 10 mm in shortest diameter (11 mm for subdigastric
nodes), 2) three or more contiguous and confluent LNs, each with shortest diameter of 810 mm, 3)
LNs of any size with central necrosis or a contrast-enhanced rim, 4) LNs of any size with extracapsular
extension (ECE), and 5) LNs of any size with overt FDG uptake on FDG-PET scan [6]. Furthermore,
in non-overtly pathologic lymph nodes, the summed long- and short-axis diameter >17 mm was
proposed as an alternative criterion for identifying potentially infiltrated lymph nodes that may require
a higher dose than that usually employed for elective radiation [7].

In general, FDG-PET scanning improves diagnostic accuracy in the detection of cervical nodal
metastasis. One meta-analysis for patients with NPC [8] showed that FDG-PET/CT scans obtained a
pooled sensitivity and specificity of 0.9 and 0.92 in detecting cervical nodal metastasis. However,
when compared with MRI, PET did not provide adequate spatial resolution to identify retropharyngeal
nodes that merged with or were in close proximity to the primary tumor [8].



Incidence and patterns of nodal involvement for NPC were reported in a meta-analysis of thirteen
clinical studies using MRI for diagnosis and staging. The most commonly involved regions included
retropharyngeal (RPLN) (69%) and level 11 lymph nodes (70%). The overall probability of positive
LNs in levels 11, 1V, and V were 45%, 11%, and 27%, respectively. Low-risk node groups included
the supraclavicular, levels la, Ib, VI, and the parotid nodes with involvement rates at 3%, 0%, 3%, 0%,
and 1%, respectively. Nodal metastases followed an orderly pattern and the probability of "skip”
metastasis between levels varied between 0.5-7.9% [2]. Notably, these studies were mostly conducted
in South East Asia where EBV related NPC is most prevalent; and the pattern of LN metastases may
be different in non-endemic region.

On MRI examination, considered to be the most reliable clinical means of neck evaluation, while 75%
of 3100 previously untreated NPC patients had retropharyngeal nodal involvement, the medial group
(located between the pharyngeal constrictor muscles and the prevertebral fascia near the midline) was
rarely affected (0.2%) [9] and the incidence of RPLN metastasis decreased steadily from locations at
level C1 to level C3 [10]. Of course, MRI staging for nasopharyngeal cancers is not as reliable as
pathologic examination and omitting the medial RPLNs from coverage, in the presence of
radiographically identified lateral retropharyngeal adenopathy would not be encouraged.

A study by Xu et al. showed that the occurrence of small LNs (<10 mm) is not a significant prognostic
factor in patients with NPC, and their presence should not influence the nodal staging, contouring of
the neck lymphatics or the dose delivered to nodal areas [11].

Nodal staging

Table 1 shows the historical development of nodal staging in NPC [12-19]. Several consistent
features were observed in these nodal classifications. The more distal the location of cervical LNs
from the primary tumor, the higher the risk of distant failure. Similarly, bilateral involvement of the
neck (except RPLN) and the size of the node also impact on prognosis, likely a biological reflection of
higher nodal disease burden.

The most significant change in the latest American Joint Committee on Cancer / Union for
International Cancer Control (AJCC/UICC) TNM classification is the replacement of LN located in the
supraclavicular fossa (SCF) by the lower neck [16, 17]. SCF was originally defined by Ho et al. [15] as
a triangular area defined by three clinical landmarks: (1) the superior margin of the sternal end of the
clavicle, (2) the superior margin of the lateral end of the clavicle, (3) the point where the neck meets
the shoulder. However, the drawback of this clinical definition is that it is difficult to assess these
landmarks on cross-sectional imaging [20-23]. This has led to significant confusion in the radiological
definition in the past (see Table 2). A more straightforward definition of lower neck nodes was
proposed by Ng et al. [24]. Specifically, LNs located in levels 1V and V (according to the classification
on standardizing neck dissection terminology by the American Head and Neck Society and the
American Academy of Otolaryngology-Head and Neck Surgery [25]) that extend to the clavicles was
taken as a staging criterion for N3. This observation was supported by other studies [26-28] and the
lower neck as an N3 criterion was adopted in the latest AJCC/UICC TNM staging system [16, 17],
being defined as extension of the nodal metastases below the caudal border of the cricoid cartilage.



Another notable feature of the AJCC/UICC TNM classification for N3 is the use of >6 cm size as a
criterion [16, 17]. The AJCC and UICC define nodal sizes for TNM of head and neck cancer [16, 17]
according to their largest dimensions and there is no specification on the measurement methods
(clinical or radiological), nor the plane to use for this. The underlying principle simply relies on the
concept that the biological risk of the node as a contributor to regional or distant failure is related to its
overall size, and the longest dimension may reasonably be considered the best surrogate for this.
However, the common practice of single plane measurement reported on cross-sectional imaging could
potentially underestimate the size of the node if the dimension is not measured in the correct plane.
This is illustrated in the study by Li et al. which showed that only one out of 565 node positive NPC
patients had a maximal axial nodal diameter of >6 cm when the size of node was only examined in the
axial plane [26]. Furthermore, uncertainty in size measurement could also occur in the setting of
confluent / matted nodes. In fact, nodes that are >3 cm are usually confluent rather than single. Ai et al.
[29] showed that the best method to obtain the maximum dimension was to incorporate not only single
and confluent, but also contiguous nodes measured in the plane of the maximum dimension.

Treatment considerations
Selective nodal irradiation

In a historical series of patients treated during 1976-1985 when nodal assessment was based mostly on
physical examination alone, up to 40% had nodal recurrence if prophylactic nodal irradiation was
withheld in patients without a clinically palpable neck node. The recurrence rate was reduced to 11%
after elective nodal irradiation [30]. Elective nodal irradiation has been the commonly accepted
practice since then; and the traditional treatment portals usually entail comprehensive coverage
encompassing from the level of the retropharyngeal nodes down to the lower edge of clavicle as
reported in the Radiation Therapy Oncology Group (RTOG) studies [31, 32] and the United Kingdom
national multidisciplinary guidelines [33]. Similarly, in the ongoing NRG-HNOOL trial [34], bilateral
prophylactic nodal irradiation including retropharyngeal, upper deep jugular (i.e., junctional or
parapharyngeal), level I, level 111, upper- and mid-level V, level 1V, and supraclavicular region are
required, whereas the ipsilateral or bilateral level IB would be covered for heminecks with the direct
involvement of level IB or 11 on that side (unless at the discretion of the radiation oncologist).

However, with an increasing understanding of the patterns of nodal spread, significant improvement in
diagnostic technology with MRI and PET-CT, and the capability of more precise RT delivery;
selective nodal irradiation has been proposed, particularly sparing the lower neck and supporting the
exclusion of level Ib [35].

Potential advantages of lower neck sparing include a decrease in the dose received by the carotid
artery, reduction in skin reaction, dysphagia, neck fibrosis, thyroid dysfunction, and the rare
occurrence of brachial plexopathy and secondary malignancy. Various studies on selective nodal
irradiation with sparing of level IV and level Vb have been reported (Table 3) [36-45]. In general, the
incidence of nodal failure in the non-irradiated lower neck was less than 1% for NO and less than 2% if
node positive disease was confined to the RPLN. Furthermore, a meta-analysis comprised of one
randomized RCT and four retrospective studies also showed no significant differences in nodal
recurrence, 5-year distant metastasis-free survival (DMFS) and overall survival (OS) in node negative



or limited RPLN positive NPC [46]. These results support the concept of selective nodal irradiation for
all NO patients and highly selected N+ patients with nodal involvement confined to the upper neck.

Furthermore, given the fact that level Ib is not the first echelon drainage site for NPC, multiple studies
have also been specifically conducted to assess the feasibility of sparing level 1b (Table 3) in the
presence of cervical lymphadenopathy [18, 47-50]. Under this circumstance, the crude incidence of
failure at the non-irradiated level 1b was 1-2%. Potential advantages associated with level Ib sparing
are twofold — it reduces the incidence of xerostomia as well as the degree of oral mucositis. On the
other hand, several risk factors were identified to be associated with a higher rate of level Ib
metastasis. These include a maximal diameter of the neck LNs >20 mm in level Ila, level lla LNs with
ECE/carotid sheath involvement, multiple or bilateral cervical nodal metastases, primary tumor
extension to the oropharynx or anterior half of nasal cavity, and submandibular gland (SMG)
involvement/compression [48, 50-52].

A technical issue on SMG sparing should be noted. While the level sub-Ib was not intentionally
included in the above-mentioned level 1b/SMG sparing studies, the posterior aspect of level Ib and the
SMG actually invariably receive an incidental RT dose >50 Gy due to the coverage of level Il LNs.
This was nicely illustrated in a dosimetric study reported by Huang et al. [53], showing that unless
some degree of dose compromise was accepted in the anterior region of clinical target volume (CTV)
and planning target volume comprising the level Il nodes, the dose tolerance of the SMG (typically
defined as Dmean 0f <39 Gy) would not be met.

With these emerging data, the latest international guidelines on NPC CTV delineation adopted the
policy of selective nodal irradiation coverage of ipsilateral levels 1V and Vb only when there are
involved LNs on the same side of the neck (excluding RPLN) [6]. While for level Ib irradiation,
prophylactic treatment is suggested if there is gross involvement of ipsilateral SMG, extension to
structures that drain to level 1b such as oral cavity, anterior half of nasal cavity, ipsilateral level lla
LNs with extra-capsular extension, and optional if ipsilateral level Ila LNs with maximum axial nodal
diameter of greater than 2 cm are present [6].

Controversy of the extent of lymphatic irradiation at the upper deep jugular region

The international guidelines [6] suggest prophylactic nodal irradiation to levels 11 (with upper border at
the caudal edge of the lateral process of the first vertebra (C1) [23]), Ill, Va, Vlla and V1Ib for node
negative NPC. Questions have been raised regarding the adequacy of target coverage at the “upper
deep jugular region” below the skull base for NPC patients [54-56]. Studies by Wang et al. noted that
in up to 25-30% of patients, the cranial border of radiological-involved level I1b nodes were above the
caudal border of C1, and the authors recommended extending the cranial border of level 11b nodes to
the skull base irrespective of nodal status [54, 55]. These findings were supported by another series of
100 NPC patients with level 11b involvement [56]. Specifically, treatment of the fatty space
surrounding the digastric muscle bounded by the cervical fascia at the superior edge of C1 was
recommended. Similarly, the NRG-HNOO1 protocol conducted by the RTOG suggests prophylactic
nodal irradiation to include junctional (or parapharyngeal) nodes for all NPC cases irrespective of the
stage of disease [34]. However, the delineation of the “upper deep jugular region” has been poorly
described in the literature (see Table 4) and various nomenclatures have been proposed for this region
[23, 56-60].



As the location of the “upper deep jugular region” below the skull base is in direct contact to the deep
lobe of parotid (see Figure 1), the nuance of nodal delineation in this region could have a significant
effect on the dose delivered to the deep lobe of parotid. It is noteworthy that the delineation method
described by the international guidelines [6] could result in a lower dose to the parotid gland in a node
negative case. While detailed long-term data on the recurrence patterns near the skull base region are
clearly needed to support this contouring approach [6], preliminary outcomes as reported in “reduced-
volume IMRT” with exclusion of upper deep jugular nodes appeared promising [61, 62].

Suggested modifications in nodal delineation based on nodal distribution map

While nodal contouring of NPC usually follows the same principles recommended in the international
consensus guidelines for nodal delineation for head and neck tumors [23], several refinements have
been suggested based on nodal distribution probability maps in NPC.

Lin et al. marked the center point of 10,651 LNs from 959 patients and depicted these center points as
a probability map on a single template CT scan [63]. Based on this distribution map, LN distribution
probabilities of different levels were compared with the consensus guidelines updated in 2013 [23].
Modifications for neck CTV boundaries specific for NPC were proposed, including expansion of
boundaries for levels Vb and Vlla and reduction of boundaries for levels Ib, 1, IV, and Vc.

Specific suggestions include:

1. Level Vlla - extend the cranial border of level Vlla from the upper edge of the C1 vertebra to
the skull base and also includes RPLNSs located in the medial group,

2. Level Ib—The LNs in level Ib are all scattered laterally and anteriorly to the SMG, and no LN
is identified along the medial edge of SMG or within the gland parenchyma. No radiation of
the SMG parenchyma and medial from SMG is needed,

3. Level Vb - 13.3% of cases with level Vb LNs are all scattered around the transverse blood
vessels superficially to the anterior edge of the levator scapulae muscle, and this area should be
covered in radiation planning,

4. Level IV —no LNs are identified in the gap between the sternocleidomastoid and infrahyoid
ribbon muscles at level 1VVa. The authors suggest that the anterior border of level 1V might be
modified from the anterior edge of the sternocleidomastoid to the posterior edge of the
infrahyoid ribbon muscles.

A similar study was reported by Li et al. [64] on 5,949 LNs from 379 node positive NPC patients.
Proposed changes in nodal CTV delineation were:
1. RPLN - lateral border at the medial edge of the internal jugular vein,
2. Level 1l —inclusion of the posterior belly of digastric muscle, posterior space of the SMG and
the anterior space of the sternocleidomastoid muscle,
3. Level 1l & IV - because nodes are mainly behind the posterior edge of the carotid artery and
the internal jugular vein, it is suggested to include part of the cervical vessels below the level
where the thyroid gland appears in CTV.
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However, it should be noted that both studies were carried out in node-positive NPC cases, whereas
the international consensus guideline for nodal delineation was proposed for node-negative head and
neck tumor (including NPC) cases [23].

Optimal dose for prophylactic nodal irradiation

Historically, Fletcher reported that 50 Gy could eradicate 95% of subclinical disease, whereas a dose
of 30-40 Gy was associated with higher regional relapse of 9%-10.5% [65]. Hence, an elective
irradiation consisting of 50 Gy was typically prescribed to cover subclinical disease in cancers of the
head and neck including NPC for more than four decades. However, with significant improvement in
radiological diagnostic accuracy, subclinical tumor load in the region treated prophylactically could be
significantly less compared with the past when assessment was mainly by clinical palpation. Based on
radiobiological considerations to achieve a tumor control probability of 95%, van den Bosch et al.
estimated that an elective nodal irradiation (ENI) dose of 36 Gy (in equivalent dose in 2Gy fractions)
would be sufficient to control undetected nodal metastases of less than 5 mm [66], and a gradient dose
prescription consisting of 36 — 40 Gy to the elective LN regions was proposed as a means of dose de-
escalation in HNSCC [67].

Clinical studies in HNSCC using lower ENI to the neck of less than 50 Gy have been reported [68,
69]. Salama et al. compared three different dose schemes of ENI (45 Gy, 39 Gy, and 36 Gy) in treating
head and neck cancer patients after induction chemotherapy in a multi-institutional phase 11 trial, and
found that locoregional control and OS were not different among the groups [68]. Furthermore, in a
randomized study consisting of 200 HNSCC patients comparing ENI of 40 Gy vs 50 Gy, no
statistically significant differences in treatment outcome were observed. Although the study was
underpowered to undoubtedly detect non-inferiority, it appears safe to reduce the dose of ENI to
subclinical disease [69]. This is in accordance with the fact that patients historically received 50 Gy in
25 fractions specified at the maximum dose (Dmax) to the low neck with Co-60 and thus, the LNs
received approximately 80-85% of the given dose.

Cho et al. recently reported the clinical outcome of 347 NPC patients following selective nodal
irradiation with a lower ENI dose of 36 Gy to the low risk CTV (defined as 2.0-2.5 cm distal
lymphatics from the high risk CTV), and only 1.1% of regional failure occurred exclusively in the low
risk region [70]. Similarly, Hung et al. compared ENI of 46 Gy (446 patients) vs 50-60 Gy (58
patients) in a retrospective NPC study [71], and found no statistical differences in OS, regional control
and DMFS. It was also noteworthy in their study that level Ib irradiation was omitted in the group
receiving ENI of 46 Gy, and no failures at level Ib were found.

An additional argument in favor of the safety of reduced doses of RT is the fact that a large proportion
of NPC patients are irradiated concurrently with administration of systemic therapy, which
significantly contributes to the greater effectiveness of the received dose of RT [72]. On the other
hand, the radiosensitivity of non-endemic NPC in the Caucasian patient population is less well
understood. In a retrospective study of 62 patients reported in Michigan, many NPC patients were
found to be EBV negative or human papillomavirus (HPV) positive. These patients, even including the
HPV positive ones, have worse prognosis and higher locoregional failure rates [73]; and dose de-
escalation may not be appropriate for these patients.

Pattern of nodal failure



Two studies specifically have addressed the patterns of failure after intensity-modulated
radiotherapy (IMRT). Li et al. reported on 165 NPC patients treated with IMRT at Memorial Sloan-
Kettering Cancer Center [74], and 10 patients were found to have nodal failure. The 3- and 5-year
nodal failure rates were 5.8% and 7.7%, respectively. Six of the nodal failures were in-field, of which
five occurred in level 11; whereas four had out-of-field failures, all of which were in the protected
parotid gland area. Three patients with parotid failure had pre-treatment MRI showing sub-centimeter,
nonspecific nodules in the same locations of the parotid gland as the recurrent nodes. There were no
recurrences in level 1b despite this region being protected. In another study by Xue et al., 17 of 275
patients with non-metastatic NPC developed nodal failure after IMRT [75]. 16 patients had in-field
failure, while one patient had an out-of-field failure in the parotid gland. No recurrences were seen in
level Ib. Failures in level 11 and in the retropharyngeal area accounted for 70.6% (12/17) and 52.9%
(9/17) of all failures, respectively. The 5-year regional failure free survival (RFFS) rates for patients
with NO-1 and N2-3 staging were 98.5% and 90.2%, respectively (p = 0.001); and multivariate
analysis showed that N classification was the only independent prognostic predictor for RFFS [75].

The studies above demonstrated that out-of-field failure, particularly in level Ib region, was
uncommon. However, meticulous care is required to exclude disease involvement in and around the
parotid gland prior to RT. It is also prudent to avoid over-enthusiastic sparing of the parotid gland in
the presence of significant lymphadenopathy [76].

Nodal features that influence prognosis

Aside from features that have been incorporated in the N categorization in the current
AJCC/UICC staging system [16, 17], several studies have also focused on tumor volume, node
location and MRI-related nodal features, and evaluated their prognostic implications.

Nodal volume

Chen et al. showed that nodal volume of 7.2 cc and 35.7 cc were significant prognostic cut-off values
using X-tile analysis, and patients with larger nodal volume had a poorer prognosis. Compared with
the N category, nodal volume was better at determining regional control for patients with NPC [77].
On the other hand, Yuan et al. identified 18 cc to be the optimal cut-off value for nodal volume based
on both PET and MRI [78], and proposed a new classification system in which N1 is nodal volume
smaller than 18 cc with retropharyngeal nodes (regardless of laterality) and/or unilateral neck nodes,
N2 is nodal volume smaller than 18 cc with bilateral neck nodes, and N3 is nodal volume >18 cc
regardless of laterality. A similar cutoff value of 20 cc was observed in a large data intelligence
platform consisting of 1500 node positive NPC patients [79].

Retropharyngeal nodes

Retropharyngeal nodes are well recognized to be one of the first nodal stations to be affected by regional
spread of NPC. Involvement of retropharyngeal nodes has been shown to be an independent prognostic
factor of OS and DMFS in several studies [80-82]. In the current UICC/AJCC staging system [16],
unilateral or bilateral RPLN (< 6 cm) is classified as N1 disease as previous studies conducted in China
on 924 patients staged using the 6th edition revealed no difference in prognosis between bilateral and
unilateral involvement [83, 84]. Similar findings were also reported by Tang et al. on 749 patients using
the 7" edition AJCC staging system [81]. However, in a recent study of 1225 patients using the 8™



edition AJCC staging system by Huang et al., bilateral RPLN was associated with significantly worse
5-year OS (89.4% vs. 82.6%), DMFS (91.5% vs. 82.9%), and progression free survival (80.3% vs.
71.2%) compared with unilateral involvement; and it was found that outcomes of patients with bilateral
RPLN involvement were similar to those with N2 disease [82].

Parotid nodes

Despite its rarity of involvement (0.4-2.8%), two studies comprising >11000 patients showed that
parotid nodal metastasis was associated with poorer outcomes with prognosis similar to those with N3
disease [85, 86].

Extracapsular extension

ECE was included as a new criterion for N3 classification in the 8™ edition of AJCC/UICC staging
system of other head and neck cancers [16, 17], but not for NPC. The prognostic value of ECE in NPC
has not been consistently demonstrated. This is partly due to the fact that its identification is based on
imaging rather than pathology [26] and there has been a variable degree of tumor extension beyond the
nodal capsule. Recent studies suggested that ECE with significant adjacent infiltration was the main
determining prognostic factor [87, 88]. Ai et al. indicated ECE with infiltration into adjacent muscle,
skin, and/or salivary gland was independently predictive factor of poor OS and DMFS with their
outcomes similar to N3 disease [87]. Lu et al. showed that a coalescent nodal mass with unequivocal
evidence of rECE and tumor infiltrating beyond the nodal capsule into adjacent structures was
independently prognostic for distant metastasis and death in NPC [88].

Nodal necrosis

Nodal necrosis was another significant prognostic factor in several studies. In the largest study (1800
patients) reported by Lan et al. [89], the incidence of nodal necrosis was 44%. Patients with nodal
necrosis had worse OS and DMFS (OS, 78.8% vs. 91.8%; DMFS, 78.4% vs. 91.6%, both p<0.001); the
author proposed that patients with nodal necrosis should be upstaged by one level in their respective N-
category. Other studies showed similar findings, with the hazard ratio for OS ranging from 1.36-2.15 in
the presence of nodal necrosis [89-93]. The prognosis and pattern of failure were found to be affected
by the degree of necrosis [93].

Recently a nomogram was proposed by Xie et al, using MRI-related nodal features, including nodal
necrosis and the number of involved nodes, to predict distant metastasis. Nodal size, nodal level and
ECE were not found to have a statistically significant correlation to outcome in this study [94].

Surgical salvage of nodal failure

Clinical assessment of the neck after RT is often difficult as deep cervical nodes are not
assessable and post-radiation fibrosis may also preclude accurate assessment by palpation. Fine needle
aspiration is recommended for any suspicious residual or persistent node, though sensitivity and
accuracy have been reported to be significantly lower after RT due to encapsulation of tumor nests by
post-radiation fibrous tissue [95]. Plasma EBV DNA, MRI and FDG-PET had been shown to improve
diagnostic accuracy [95, 96], and post-RT PET at 3 months has been shown to be very useful for
detection of persistent nodal disease in head and neck cancer [97]. Once nodal relapse has been
confirmed, meticulous examination of the NP is recommended to look out for concomitant local
failure.



Neck dissection has been shown to have an important role in the management of a solitary nodal
relapse [33]. The extent and principle of nodal dissection is similar to the methods employed for other
recurrent HNSCC. However, RPLN, which are less often involved in HNSCC, can be resected via the
maxillary swing approach [98] or more recently the trans-cervical endoscopic approach [99, 100].
Alternatively, a second course of RT (including a stereotactic approach and proton therapy) may be
considered for a small solitary RPLN recurrences especially when surgical expertise is not available
[101].

As for the lateral neck disease, two parallel skin incisions as described by MacFee are recommended
as this approach may reduce the risk of wound break down [102]. Several studies showed that selective
neck dissection (SND) may be as effective as a radical neck dissection (RND) or a modified RND
[103, 104], and with the added advantages of fewer postoperative complications [104]. However, Chen
et al. questioned this approach, as he reported a lower 5-year OS of 55% with SND when compared to
78% with modified RND [105]. Similarly, Wei et al. also recommended RND based on the frequent
extensive nodal infiltration as shown in their histopathological series which was reported almost two
decades ago when preoperative radiological examination may have been less accurate [106]. While
randomized data comparing SND and RND (or modified RND) are currently lacking, it might be
prudent to consider SND for persistent nodal disease after RT as the disease is more often confined to
the isolated nodes; whereas in the setting of recurrent nodal disease, the recurrence might be detected
late and a more extensive neck dissection may be required. Irrespective of the number of node levels
dissected, structures adherent to or infiltrated by nodal disease should be excised contiguously with the
involved nodes. If overlying skin and subcutaneous tissue is found to be tethered to the involved
lymph node, the involved skin should be resected en bloc with the lymph node, and subsequent
surgical defect covered by myocutaneous flaps.

In the region where there is suspected ECE or if surgical clearance is likely to be inadequate, surgical
clips can be placed to identify those areas for postoperative RT. Alternatively, with the help of the
radiation oncologist, afterloading tubes can be placed directly at the time of operation [33, 107]. These
afterloading tubes are typically placed 1 cm apart over the high-risk region. Reconstruction with
regional flaps is mandatory after tube placement to prevent wound complications and carotid blowout
syndrome [107]. Additional brachytherapy of around 50-60 Gy would be delivered to the tumor bed
once the wound condition is stabilized.

The results of neck dissection for solitary nodal relapse have been reported. The reported 5-year OS
and nodal control rates were 38-79% and 58-70% respectively [96, 108-111]. Adverse factors
predicting poorer nodal control include rN status, ECE and a positive margin [103]. Other factors such
as the number of positive nodes [106], nodal ratio [112] and neck level [113] have been reported to be
of prognostic value. Detailed histopathological assessment of nodal relapse in 27 patients with
extensive cervical LN metastasis following prior RT has been reported by Wei et al. [106]. Up to 84%
of the patients harbored ECE, and there was a high propensity for tumor spread along the spinal
accessory nerve with close proximity of tumor to the nerve in 27.5% of patients. However, the number
of positive nodes was found to be the only significant factor that affected the control of neck disease in
this study. A prognostic scoring model has recently been described based on more than two positive
nodes, ECE and lower neck involvement [113].



Re-irradiation following surgical salvage

While post-operative external beam re-irradiation or brachytherapy has been traditionally given in the
presence of close or positive margins after salvage neck dissection, its efficacy has not been properly
elucidated. Tolerance of the brachial plexus to a second course of RT is also poorly understood [114].
Similarly, the role of systemic chemotherapy before or after salvage neck dissection has not been
addressed and its use should be determined according to individual risk assessment and patient
willingness. Close surveillance with regular plasma EBV DNA and imaging after salvage treatment is
prudent.

Conclusions

With improvement in radiological diagnostic accuracy and better characterization of the natural
history of NPC nodal spread, continual refinements have been suggested in the AJCC/UICC TNM
staging system. Among the various nodal features, recent data suggest that nodal volume, ECE, nodal
necrosis and parotid node involvement carry adverse prognostic significance.

Selective nodal irradiation according to individual nodal risk has been increasingly adopted, and early
data based on this approach appear promising. Furthermore, gradient dose prescription using a lower
dose ENI to subclinical regions may serve a potentially useful strategy for dose de-escalation with the
objective of reducing toxicity and improving quality of life.

Amidst excellent nodal control with IMRT, salvage neck surgery remains the standard of care for
patients who develop nodal failure, and continued research is required to define the extent of neck
dissection and the role of adjuvant therapy after salvage neck surgery.
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Table 1. The historical evolution of nodal staging

staging system
(1992) [13]

Ho classification | NO — none
(1978) [12] N1 — upper neck

N2 — mid neck

N3 — supraclavicular fossa
AJCC 4" edition | NO — none

N1 - homolateral, single, <3cm

N2 — a. homolateral, single, >3 to <6 cm; b. homolateral, multiple, <6 cm; c.
bilateral/contralateral, <6 cm

N3 ->6 cm

Chinese staging
system (1992)
[18]

NO — none

N1 — upper neck node <4 cm, movable

N2 — lower neck node or the diameter between 4 and 7 cm

N3 — supraclavicular node or >7cm or fixed or skin infiltration

AJCC 5™ edition
staging system
(1997) [14]

NO — none

N1 - one side, <6 cm, above supraclavicular fossa
N2 — two sides, <6 cm, above supraclavicular fossa
N3 —a. >6 cm; b. in the supraclavicular fossa

Chinese staging
system (2008)
[19]

NO — none

N1 —a. RPLN involvement; b. unilateral Ib, I1, 111 and Va involvement and the
maximum diameter <3 cm

N2 — bilateral Ib, 11, 111 and Va involvement or the maximum diameter >3 cm or

with extranodal spread
N3 - IV, Vb involvement

AJCC 7" edition
staging system
(2009) [15]

NO — none

N1 - unilateral cervical nodes, unilateral or bilateral RPLN above the
supraclavicular fossa, <6 cm

N2 — bilateral cervical nodes, <6 cm, above the supraclavicular fossa
N3 —a. >6 cm; b. in the supraclavicular fossa

AJCC 8" edition
staging system
(2017) [16]

NO — none

N1 — unilateral metastasis in cervical lymph node(s) and/or unilateral or
bilateral metastasis in retropharyngeal lymph node(s), 6 cm or smaller in
greatest dimension, above the caudal border of cricoid cartilage

N2 — bilateral metastasis in cervical lymph node(s), 6 cm or smaller in greatest
dimension, above the caudal border of cricoid cartilage

N3 — unilateral or bilateral metastasis in cervical lymph node(s), larger than 6
cm in greatest dimension, and/or extension below the caudal border of cricoid
cartilage




Table 2. Clinical, anatomical and radiological description of the supraclavicular fossa (SCF)

Descriptions of SCF

Ho [15]

A triangular area defined by 3 points on clinical examination: (1) the superior
margin of the sternal end of the clavicle, (2) the superior margin of the lateral end of
the clavicle, (3) the point where the neck meets the shoulder.

Som et al.
[20]

SCF node lies at or caudal to the level of the clavicle and lateral to the carotid artery
on each side of the neck, as seen on cross-sectional imaging.

Madu et al.
[21]

Anatomically, SCF consists of lesser and greater SCF (or omoclavicular triangle).
Medially, the SCF was considered to extend to the lateral edge of trachea, excluding
the thyroid gland and thyroid cartilage superiorly. Anteriorly, the SCF was bounded
by the deep surface of the sternocleidomastoid muscle and the deep cervical fascia.
The posterolateral border of the fossa was considered to be the at the anterior and
medial borders of the anterior scalene muscle, while the posteromedial border
extended medially to the carotid artery and internal jugular vein. At the inferior
aspect of the SCF, the posterior border was defined by the subclavian artery.

Grégoire et
al. [22]

Radiological boundaries of SCF on cross-sectional imaging are: (1) cranial at the
lower border of level 1V/ level Vb, (2) caudal at the sternoclavicular joint, (3)
anterior at the sternocleidomastoid muscle/skin/clavicle, (4) posterior at the anterior
edge of posterior scalenus muscle, (5) lateral at the lateral edge of posterior
scalenus muscle, (6) medial at thyroid gland/trachea.

Grégoire et
al. [23]

On cross-sectional imaging, medial SCF nodes located in the continuation of level
IVa down to the cranial edge of the sternal manubrium, and lateral SCF nodes
located in the continuation of the posterior triangle nodes (level Va and Vb) from
the cervical transverse vessels down to a limit set arbitrarily 2 cm cranial to the
sternal manubrium.




Table 3. Studies on selective nodal irradiation for nasopharyngeal carcinoma

Studies on sparing levels IV and Vb

factor'™) / 84 (with
risk factor)

Author Clinical | No. of patients Median % of nodal % of nodal
scenarios | without lower neck FU failure in failure in non-
irradiation (or (years) upper neck irradiated lower
contralateral lower neck
neck irradiation for
N1 disease)
Tang et al. [36] | NO 37 3.6 0 0
Gaoetal. [37] | NO 410 4.5 0.6 0.2
He et al. [38] NO 97 7.8 5 0
Sunetal. [39] | NO 542 7.1 5.2 (site not specified)
Chen et al. NO -1 212* 4.9 2.8 0.5
[40]
Lietal. [41] NO 153 3.3 0
Zeng et al. NO - 171 54 0.6
[42] RPLN+
Ouetal. [43] | RPLN 89 3.1 3.4 1.1
alone
Chen et al. RPLN 54 51 0 1.9
[44] alone
Hu et al. [45] N1 52 2.4 1.9 0
Studies on sparing of level Ib
Author Clinical | No. of patients Median % of neck % of nodal
scenarios | without Ib irradiation | FU nodal failure failure in non-
(years) irradiated level
Ib
Chen et al. Ib -ve 120 4.5 3.3 0
[47]
Zhang et al. Ib -ve 722 3.2 2.1% 0
[48] without
risk
factor’
Li etal. [49] Ib -ve 123 3.4 3.2 1.6
with risk
factor
Ouetal.[50] |Ib-ve 216 (without risk 4.3 14712 046/0

Abbreviations: FU — follow up, RPLN - retropharyngeal node, -ve — negative
* Including 84 patients with N1 disease




T Risk factor: greatest dimension of level lla LNs >20 mm, level lla LNs with extracapsular extension,
oropharyngeal involvement or bilateral cervical nodal metastases

*Out of 904 patients (722 without level Ib irradiation and 182 with level Ib irradiation)

TRisk factor: (1) unilateral or bilateral level 1l involvement with one of the following: level lla
involvement, any level Il node >2 cm or any level Il node with extracapsular spread and (2) >2
unilateral node-positive regions

" Risk factor: maximal axial diameter of level l1la LNs >20 mm, level lla LNs with extracapsular
extension and bilateral cervical nodal metastases



Table 4. Clinical and radiological description of the lymphatic areas just below the skull base

Junctional (or
parapharyngeal)
node

The term “junctional node” was first coined by Fisch who found that when oil-
based contrast media was injected into the postauricular lymphatics followed by
lymphography, the flow of contrast was from postauricular lymphatics to nodes
just below and behind the angle of the mandible [57]. From these “junctional
nodes”, contrast then flowed to nodes along the spinal accessory nerve
posteriorly and along the jugular nodes anteriorly [58]. According to standard
textbook [60], these junctional (or parapharyngeal) nodes near the base of the
skull in the posterior aspect of the lateral pharyngeal space are located deep to the
sternocleidomastoid muscle, the posterior belly of the digastric muscle, and the
tail of the parotid gland. In cross-sectional imaging, Bussels et al. [59] defined it
radiologically as cranially by the base of skull, caudally by the crossing of the
internal jugular vein with the posterior belly of the digastric muscle, laterally by
the pterygoid muscle/parotid gland and medially by the pharyngeal wall and the
lateral retropharyngeal nodes.

Level VIIb

In the international consensus guideline [23], level V1Ib includes the retro-styloid
space which is delineated by the internal carotid artery medially, by the styloid
process and the deep parotid lobe laterally, by the vertebral body of C1 and the
base of skull posteriorly, and by the pre-styloid para-pharyngeal space anteriorly
(see Figure 1); while the cranial border of level Il is at the caudal edge of the
lateral process of C1.

Level Ilb

Zhang et al. [56] define upper deep jugular region according to the following
radiological borders (see Figure 1): (1) cranial at the cranial edge of C1, (2)
caudal at the caudal edge of the hyoid bone, (3) lateral at the deep surface of the
sternocleidomastoid muscle, (4) medial at the lateral edge of the rectus capitis
lateralis, obliquus capitis superior, obliquus capitis inferior, and levator scapulae
muscle, (5) anterior at the posterior edge of the internal jugular vein.
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