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Abstract

Head and neck squamous-cell carcinomas (HNSCCs) have a significant lymph node tropism. This varies considerably
depending on the primary tumor site and the Human Papillomavirus (HPV) status of the disease. The best therapeutic option,
between up-front lymph node dissection and chemoradiotherapy (CRT) +/— followed by lymph node dissection in case of
persistent lymphadenopathy or regional relapse, remains unclear. The purpose of this review is to discuss the pros and cons
related to the different approaches of the neck management in HNSCC. A narrative review of the management of the cervical
lymph nodes was undertaken. Searches of PubMed database were performed using the terms ‘neck management’ OR ‘cervi-
cal lymphadenopathies’ AND ‘head and neck neoplasms’. Recent advances in imaging, pathological analysis, surgery and
radiotherapy let to personalize the type of lymph node dissection and, the volumes of radiation therapy. Excluding inoperable
patients and unresectable diseases, N3 lymphadenopathies, as well as bulky N2 stages, specifically HPV— or necrotic nodes,
would be in favor of an up-front surgical approach, while HPV+ diseases, and lymphadenopathies of unknown primary
would support CRT first. However, efficacy of such strategies is challenged by a significant morbidity in the medium and
long terms. In the absence of higher level of evidence, the decision-making tools for the neck dissection before or after the
CRT are based on the Mehanna’s trial and retrospective studies with significant biases. Consequently, the approaches and the
ensuing outcomes remain not homogenous depending on the centers’ experience, in the context of limited data, especially
for N2-3 HPV— HNSCC.

Keywords Head and neck neoplasms - Neck dissection - Radiotherapy - Disease management - Lymphadenopathy -
Combined modality therapy

Introduction

Except for T1 glottic tumors, head and neck squamous cell
carcinomas (HNSCCs) are prone to nodal metastases, with
up to 75% of hypopharyngeal cancers and 90% of naso-
pharyngeal cancers presenting metastatic lymph nodes at
diagnosis. The presence of metastatic neck nodes is associ-
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ated with worse prognosis compared to equivalent T stage
node-negative primaries [1]. Most large clinical trials have
focused on the overall management and on the response
of the primary tumor alone. However, radioresistance and
relapse may occur in the nodes only as compared to the pri-
mary [2]. For this reason, neck dissection (ND) has long
been performed as first treatment, regardless the primary
features. Despite a paradigm shift with the integration of
systemic treatment, leading to non-surgical organ preser-
vation strategies [3] and better tumor response rates, there
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remains controversy regarding the best therapeutic attitude
for node-positive HNSCC [4]. Several trials with a specific
nodal endpoint have failed to complete accrual due to above
mentioned reasons. Thus, selection of patients who benefit
from treatment intensification in advanced nodal stages
remains uncertain. However, a recent pivotal trial showed
that functional imaging by computed tomography (PET-CT)
can be used as therapy guidance in strategies based on chem-
oradiotherapy (CRT) in locoregionally advanced HNSCC
[5]. Further, characteristics such as necrotic nodes, multi-
ple cystic nodes and extra-nodal extension (ENE) are major
prognostic factors extrapolated from some retrospective
studies that have not been so far weighed in treatment deci-
sion making [6].

Neck-specific challenges with their level of evidence and
unmet needs are reported here in the context of the overall
HNSCC management.

Cervical lymph node staging

The 8th edition of the TNM/AJCC integrates substantial
revisions to the 7th classification of HNSCC to further
take into account the prognosis related to pathological and
clinical features. One major change is the addition of p16
staining as a surrogate marker to identify Human Papillo-
mavirus (HPV)+ oropharyngeal HNSCC. This entity has
a better prognosis in the absence of classical risk factors
such as tobacco and alcohol consumption [7]. Significant
changes in the nodal clinical (cN) classification for p16+
oropharyngeal HNSCC relocate advanced stages in a better
prognostic group. Namely, cN1, cN2a and cN2b stages of
the 7th edition are classified as cN1 for p16+ oropharyngeal
HNSCC in the 8th edition.

With the exception of pl6+ oropharyngeal HNSCC,
clinical and pathological ENE are factors associated with
adverse prognosis [8—10]. Various studies have demon-
strated that CT scan and/or magnetic resonance imaging
(MRI) failed to reliably predict radiological ENE compared
to histology [11, 12]. Consequently, clinical ENE in this 8th
edition exclusively refers to unequivocal clinical or radio-
logical reports. Lymphadenopathies with clinical ENE for
oral cavity, hypopharynx, larynx and pl16— oropharyngeal
HNSCC are upstaged as cN3b, regardless of their size or
laterality in this 8th edition.

Principles of neck dissection

ND can be radical, modified radical or selective. The choice
of the procedure depends on initial cN stage, involved nodal
level and involvement of adjacent structures based on radio-
logical and perioperative findings. Radical ND, as described
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by Martin et al., updated by Robbins et al. [13, 14], con-
sists of a resection of all the lymph nodes running from the
lower border of the mandible to the supraclavicular virtual
line; laterally, from the lateral border of the sterno-hyoid
muscle, the hyoid bone, the anterior contralateral belly of
the digastric muscle to the anterior border of the trapezius
muscle. In other words, a radical ND removes all lymph
nodes from levels I to V, including level VI for laryngeal or
hypopharyngeal HNSCC, sacrificing the accessory spinal
nerve, the internal jugular vein and the sternocleidomastoid
muscle. Radical ND is no longer systematically performed
because of its morbidity. In addition, neck nodes are infre-
quently all at risk of being involved. It may be indicated in
case of clinical or radiological ENE and, in case of close
contact with one of the sacrificed structures according to
local institutional protocols. However, as ENE is a standard
indication of postoperative CRT, other centers will prefer an
up-front CRT without ND in this setting [15].

A modified radical ND, also called a comprehensive ND,
removes all the lymph node groups routinely removed in a
radical ND but preserves one or more non-lymphatic struc-
tures like the sternocleidomastoid muscle, the internal jugu-
lar vein and/or the spinal accessory nerve. Median lymph
node dissection is usually indicated for laryngeal HNSCC
with involvement of the Delphian node [15, 16].

A selective ND has been developed according to regional
pathway for spread depending on the primary site. Specifi-
cally, for oral cavity carcinomas, a selective ND removes
lymph nodes of levels I-III above the omohyoid muscle.
For oropharyngeal and laryngeal carcinomas, a selective ND
includes levels II-IV + VI. A selective ND is considered as
a diagnostic procedure, commonly used for cNO-1 disease
because skip metastases of the first nodal relay is rare (2%)
and, risk of isolated nodal recurrence below remains rela-
tively low (10%) [17]. Downstaging of nodal stage following
chemoradiation might allow less invasive NDs. Such ques-
tion may be best investigated in clinical trials.

Bilateral or ipsilateral ND is performed based on tumor
thickness, extent, site and cN stage according to institu-
tional protocols. Specifically, bilateral ND is generally
favored for tumors approaching the midline, > N2b status,
depth of invasion >3 mm for oral cavity tumors and, for
following sites: anterior tongue, base of tongue, floor of
the mouth, palate, supraglottic larynx, posterior pharyngeal
wall of the hypopharynx, nasopharynx, deep pre-epiglottic
space involvement. However, several strategies should be
discussed if a bilateral treatment is indicated. For instance,
in case of a locally advanced tumor with cNO contralateral
that need bilateral neck treatment, three main options could
be considered: a bilateral ND combined with a bilateral
irradiation; a bilateral ND combined with an ipsilateral
irradiation or an ipsilateral ND combined with a bilateral
irradiation. Because no clinical trials have investigated these
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approaches, the role of a dedicated multidisciplinary tumor
board is critical in each institution.

Nodal resectability is usually defined as the absence
of continuum between the primary and the lymph nodes,
the absence of retropharyngeal positive lymph nodes, the
absence of extension to the base of the skull or prevertebral
fascia or muscles, the absence of peri-carotid artery extent
over 270°, involvement of the common or internal carotid
artery and involvement of the external skin.

A final point is the quality of the surgical procedure. As
in other cancers (colon, stomach), the number of resected
lymph nodes appears as a relevant prognostic factor of over-
all survival. Divi et al. reported the outcomes of more than
45,000 patients with at least 18 lymph nodes on the surgi-
cal piece of the ND, and almost 19,000 patients with fewer
than 18 lymph nodes. A number of removed lymph nodes
less than 18 was a risk factor for death (hazard ratio=1.18;
95% CI 1.13-1.22) compared to a number of nodes greater
than 18 [18]. A threshold of 18 for the number of resected
lymph nodes seems to be a relevant metric correlated with
the quality of ND, which has a direct impact on the overall
survival whatever the N stage.

Principles of chemoradiotherapy

In the 1980s, chemotherapy and, later, targeted therapies
were combined with radiation therapy and, integrated into a
multi-modality surgical or non-surgical approach. The stand-
ard regimen of concurrent chemotherapy consists in cisplatin
100 mg/m?, administrated every 3 weeks for three courses
[19]. In case of contraindication, another regimen option is
the association over 4 days of 5-fluorouracil 600 mg/m?/day
(continuous infusion) and carboplatin 70 mg/m*/day, every
3 weeks for three courses [20].

Recent technical advances and development of inten-
sity modulated radiation therapy (IMRT) have led to more
favorable toxicity outcomes. IMRT allows a better coverage
of the target volumes while minimizing the dose to healthy
tissues [21].

In the absence of ND, the nodal gross target volume
(GTV) is defined as the involved lymph node(s) on prethera-
peutic staging. Morphological and functional characteristics
of metastatic or suspicious lymphadenopathies are addressed
in the “Primary site” and “Nodal stage” sections. In case of
conflicting arguments between the CT and the FDG-PET, it
is important to remember that FDG-PET may be a potential
source of false positives (non-specific inflammatory lymph
node), and its high negative predictive value (around 95%)
may be mistaken by necrotic lymphadenopathies. The delin-
eation of the high-risk clinical target volume (CTV) includes
the GTV encompassed by an isotropic expansion margin
of 5 to 10 mm to take into account microscopic disease

spread. The CTV is adjusted to the anatomical barriers and
skin except for muscle contact or infiltration (absence of
fat tissue between the lymph node and the muscle), bone
involvement, skin involvement which are included into a
GTYV isotropic expansion margin ranging from 10 to 20 mm
[22]. A total dose of 70 Gy equivalent is delivered to the
high-risk target volumes. An intermediate-risk CTV may be
considered and includes the nodal level(s) of the involved
lymphadenopathy(ies) and the adjacent levels along 3 cm
[23]. This optional target volumes receives usually 59 Gy to
63 Gy (1.8-2 Gy/fraction).

In this postoperative setting, the ND pathology report
specifies the number and the level(s) of involved lymph
node(s) as well as the presence of ENE, or muscle/skin infil-
tration. The high-risk CTV is defined as the nodal level(s)
with ENE on the surgical specimen, including muscle along
the nodal level if a muscle is infiltrated. The total dose deliv-
ered to the postoperative target volumes at high-risk ranges
from 60 to 66 Gy equivalent. The low-risk CTV is based on
both the primary site and the nodal involvement, including
nodal levels at risk of microscopic tumor cells. The low-risk
target volumes receive 50 Gy to 54 Gy (1.6-2 Gy/fraction)
with or without prior ND [23]. Historically, this irradiation
with several dose prescription ranges was carried out using
a sequential scheme. In the IMRT era, doses are commonly
delivered using a simultaneous integrated boost technique.

Prognostic factors for locoregional control
Primary site

Relationship between primary site and probability of cer-
vical nodal control remains unclear. In historical series,
the primary site did not influence regional control, even in
Bataini et al. ’s study which included 1251 patients [24]. On
the contrary, a large series of 938 HNSCC patients treated
with definitive radiotherapy, prognostic factors for neck fail-
ure at 5 years were the site of the primary (laryngeal and
hypopharyngeal HNSCC), irrespective of post-irradiation
ND status [25]. Hypopharyngeal and laryngeal HNSCC are
often considered together in the literature. Their cervical
recurrence rate is estimated between 15 and 20%, predomi-
nantly in level VIb [26]. Laryngeal HNSCC have a rate of
occult nodal metastases at diagnosis approaching 15% in
case of locally advanced true glottic carcinomas, and up to
33% in case of supraglottic extension [26]. Hypopharyngeal
HNSCC exhibit a rate of occult nodal metastases ranging
from 45 to 55% at diagnosis. Risk of contralateral nodal
metastasis approaches 50%, even in NO stage, reflecting a
strong lymphatic tropism [26]. In addition, they showed a
half-fold lower response rate to radiotherapy on the primi-
tive tumor as well as on the nodes, achieving an isolated
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nodal control of 84% at 5 years [25, 26]. Grabenbauer et al.
confirmed previous results with lower response rates and
more regional nodal failure (around 20%) for hypopharyn-
geal carcinomas treated with definitive CRT [27]. However,
these results, which have been found with radiotherapy alone
or historical CRT regimens, are not confirmed using mod-
ern CRT protocols. In two recent studies using accelerated
radiotherapy schedules, nodal failure approached 20% and,
was not related to the primary site [28, 29].

Nodal stage

A single modality (surgery or radiotherapy) is currently
favored for the management of early stage HNSCC, whereas
a multi-modality approach is often required for locoregion-
ally advanced stages. In NO stages, prophylactic treatment
of cervical lymph nodes can be either a selective ND or
definitive radiotherapy in case of high probability of occult
nodal metastases. In this setting, risk of neck failure is cur-
rently estimated inferior to 10% whatever treatment modality
[30]. This is why in case of definitive radiation therapy to
the primary site, ND should be omitted given high control
rates [31].

Locoregionally advanced stages (stages III-1V) can be
treated either with exclusive CRT or surgery to the primary
with a comprehensive or selective ND. Surgery is followed
by postoperative radiotherapy in case of risk factors for pri-
mary relapse (T stage and positive or close margins) and
neck relapse: positive lymph nodes (> 3) and/or vascular,
lymphatic or perineural invasion and/or pT3-T4 and is com-
bined with concurrent chemotherapy in case of ENE and/or
positive surgical margins. In N1 stages managed by defini-
tive radiotherapy, neck node control rates are around 90%
at 5 years [32]. Definitive CRT for N1 stages should not be
combined with ND given high nodal response rates.

In N2-3 stages managed by ND, 5-year regional con-
trol rate is estimated between 70 and 85% [33]. In this set-
ting, adjuvant radiotherapy or CRT improved cervical nodal
control, and CRT improved overall survival in patients with
risk factors of neck relapse [33]. In N2-3 stages treated
by CRT, neck nodal control is estimated around 80% [34].
Recently, Van den Bosch et al. showed an increased risk of
infield nodal recurrence with increasing lymphadenopathy
volume at initial staging. Volume > 1.5 cm?® or alternative
volumetric parameters like summed short- and long-axis
diameter > 17 mm were highly predictive of neck relapse
after radiotherapy [29]. In N2-3 stages, no consensus exists
as regard the use of up-front ND before CRT. This issue is
especially challenging as the approaches used vary, depend-
ing in large part on the primary site extent and resectability.
For instance, locally advanced carcinomas of the oral cavity
are managed by surgical resection of both the primary and
neck followed by postoperative CRT on a case by case basis.
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Exclusive CRT is generally limited to inoperable patients or
inextirpable diseases [25].

Nodal features

Conventional adverse prognostic factors, such as size> 3 cm,
stage > N2c, contralateral lymphadenopathies (N2c or bilat-
eral N3), extent to levels IV and V, fixed lymphadenopathies
and ENE are consistent across series [8]. Other criteria such
as cystic and necrotic lymphadenopathies are not included
in the 8th edition of the TNM/AJCC classification despite
implications on radiosensitivity [35]. Cystic lymphadenopa-
thies exhibit regular 2 mm capsula, homogenous content,
and are either defined as > 30% of lymph node hypodensity
on CT or any low signal intensities on contrast enhanced
T1-MRI sequence [36]. They may be observed in vitro-
induced oropharyngeal HNSCC and, harbor favorable profile
response to radiation therapy [36]. Necrotic lymphadenopa-
thies exhibit a heterogeneous content and are defined as non-
enhancing areas circumscribed by enhancing nodal tissue on
CT or MRI. They have been associated with radioresistance,
through hypoxia in particular [37].

Assessment of the nodal response
after definitive CRT

Morphological imaging

Since Peters et al., development of cross-sectional imag-
ing using CT has significantly improved assessment of the
nodal response after CRT [38]. Consequently, an image-
guided approach has emerged based on CT assessment and
follow-up. It allows detection of residual lymph nodes and
characterization of their size, their density (necrotic or not)
and their shape (well or poorly circumscribed). A lymph
node is considered suspicious when its short axis is larger
than 12 mm in the upper jugulo-carotid and submandibular
regions, larger than 5—-8 mm in the retropharyngeal level
and, larger than 10 mm in the other regions. Nonetheless,
a central necrotic lymph node, defined as a heterogeneous
lymph node with central hypodensity and peripheral contrast
enhancement, remains highly suspicious, regardless of their
size. More than three lymph nodes grouped together, with
a smallest diameter longer than 6 mm, are equally highly
suspicious. Loss of the oval shape or round nodes and
loss of fatty hilum are also common patterns of metastatic
involvement. The ratio of major to minor axis of the lymph
node < 1.5 has a pathological value and is assumed to be a
better invasion criteria as in regards to size [39]. The first CT
evaluation should be performed in millimetric sections, with
intra-venous contrast fluid at 12 weeks after the treatment
completion. However, there is currently no consensus tool
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to determine whether a post-CRT lymph node is at risk of
harboring residual viable tumor cells.

Further imaging modalities may be relevant in cases
of equivocal CT. Cervical ultrasound practiced in expert
centers provides information although it is highly operator-
dependent. The characteristics of size, sphericity and density
are used to confirm or invalidate the suspicious nature of a
lymph node after CRT. An ultrasound or CT-guided nodal
fine-needle aspiration could be carried out but has a posi-
tive value, exclusively, because of a sensitivity of 73% [40].

Functional imaging

Role of the functional imaging has been of major importance
to enhance the radio-pathological correlation in this setting.
FDG-PET has proven to be a key exam. Early studies on the
impact of FDG-PET were not conclusive, perhaps because
of initial limitations of the technique (sensitivity and spa-
tial resolution), but also because of an inadequate time gap
between the exam and radiotherapy completion [41, 42].
An interval of 3—4 months seems a reasonable compromise
between the predictability of the response and the risk of ND
morbidity [43]. Accurate discrimination between residual
disease uptake and post-therapeutic changes may be chal-
lenging during follow-up. No consensus exists as regards a
threshold of maximum standardized uptake value (SUV )
to distinguish radiation-induced focal inflammatory reaction
and residual nodal disease. Sjovall et al. reported that three
methods (visual inspection, SUV .. and Likert scale) could
predict regional control but not overall survival following
radiotherapy. To identify accurately neck node responders
and non-responders, the Likert scale, already commonly
used for lymphoma assessment, was the most promising tool
to minimize equivocal FDG-PET [44]. Most retrospective
data show a sensitivity and a specificity around 90%, with a
positive predictive value of approximately 70%. They under-
lined consistently a high negative predictive value ranging
from 95 to 100% [45]. Thus, the excellent negative predic-
tive value of FDG-PET might prevent unnecessary ND in
many cases.

Mehanna et al. realized a randomized trial to compare
efficacy and economic outcomes of planned ND versus
FDG-PET-guided surveillance in 564 patients with N2-3
HNSCC managed by definitive CRT. FDG-PET was per-
formed 12 weeks after completion of CRT. Planned ND was
undertaken within 4 weeks before or within 4 to 8 weeks
after the CRT. The rate of complete metabolic response in
both the primary tumor and nodes was 69%. The rate of
complete metabolic response in the primary and incom-
plete or equivocal in the nodes was 17%. At 2 years, FDG-
PET follow-up was not inferior compared to planned ND
in terms of overall survival and locoregional control. The
rates of complications after ND were 42% in the surveillance

group, 39% in the planned ND after CRT and 35% in the
planned ND before CRT [5, 46]. In terms of health econ-
omy, this study confirmed previous publications that FDG-
PET surveillance is more cost-effective than planned ND
or CT-guided surveillance by avoiding unnecessary ND
[46, 47]. Nonetheless, this study suffers from a few limits.
The location of the primary tumor was uneven, with mostly
oropharyngeal carcinomas (85%) predominantly induced
by oncogenic HPV. Consequently, the population sample of
interest had a favorable prognosis. Another shortcoming was
that patients who had undergone planned ND were followed
by CT and MRI without FDG-PET. To conclude, FDG-PET
and CT should be combined to assess the nodal residual dis-
ease as part of the follow-up [48]. The first FDG-PET evalu-
ation should be performed at least 12 weeks after completion
of CRT. More recently, Schmitz et al. assessed prospectively
the performance of FDG-PET in case of residual disease
suspected on CT or MRI and negative FDG-PET. The pres-
ence of viable tumor cells was reported in 27/145 ND (19%).
The negative predictive value of FDG-PET alone was 94.6%.
They conclude that FDG-PET-guided surveillance alone
would result in fewer ND and, less associated morbidity on
shoulder and swallowing function without compromising
regional control [49].

Performance of morphologic MRI turned out to be dis-
appointing to predict nodal response or to detect residual
disease in the neck after CRT [50, 51]. Functional MRI, like
diffusion-weighted MRI (DW-MRI), quantifies the apparent
diffusion motion of water molecules based on measurement
of the apparent diffusion coefficient (ADC). Low ADC is
indirectly the reflect of hypercellular tissue as a residual or
recurrent tumor in contrast to high ADC associated with
hypocellular tissue like necrosis. First, adding DW-MRI to
FDG-PET-guided surveillance could improve FDG-PET
specificity up to 95% and may avoid unnecessary ND [52].
Second, pretreatment and mid-treatment DW-MRI exhibited
promising results to predict treatment response of cervical
lymphadenopathies [53, 54]. A high initial perfusion fraction
in the nodes and a high nodal ADC,,, might be predictive
of poor response to CRT and locoregional recurrence [53,
54]. Perspectives in imaging are on one side development
of PET-MRI. Early results for neck node staging indicated
a sensitivity of 85% and a specificity of 92% [55]. A recent
review did not support the superiority of PET-MRI over
PET-CT in nodal staging in HNSCC [56].

Influence of oncogenic HPV

Cystic lymphadenopathies, as described previously,
appear to be associated with HPV-induced HNSCC [57].
The incidence of HPV+ HNSCC has increased signifi-
cantly over the past decade in industrialized countries
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[58]. Among non-smoking patients with oropharyngeal
HNSCC, oncogenic HPV infection is a prognostic factor
associated with higher overall survival and locoregional
control compared to HPV— oropharyngeal HNSCC [59].
Furthermore, HPV-related oropharyngeal HNSCC occurs
usually in 50-year-old or less non-comorbid patients [13].
Prospective studies demonstrated that HPV infection is a
predictive factor for chemo- and radiosensitivity in this
setting, motivating the currently on-going therapeutic
de-escalation trials [11, 60]. In HPV+ carcinomas of
the oropharynx, de-escalation strategies are especially
investigated owing to the medium- and long-term tox-
icities, impairing the quality of life in more than 50% of
these patients with favorable outcomes [14]. The radio-
logical response of HPV+ lymphadenopathies treated by
CRT was compared the HPV— counterpart. HPV-related
nodes have a relatively more rapid CT involution. How-
ever, complete response on imaging may be delayed and
achieved later than 6 to 8 weeks after the completion of
the CRT compared to HPV— nodes [6]. Thus, surveillance
of nodal response on the first evaluation at 12 weeks
should be extent up to 18 weeks in HPV-induced HNSCC.
The study of Mehanna et al. included approximately 75%
of p164+ HNSCC in each group. FDG-PET surveillance
was not inferior to planned ND, irrespective of HPV sta-
tus. However, in case of an equivocal response on FDG-
PET at 3 months, HPV+ lymph nodes underwent ND. It
is not excluded that these patients could have achieved a
delayed complete response without ND. For HPV-induced
HNSCC, FDG-PET appears more accurate than CT alone
to assess nodal response after CRT. A complete meta-
bolic nodal response at 3 months in HPV+ HNSCC is
associated with an excellent negative prognostic value,
averaging 96%, even in case of enlarged lymph nodes on
CT [61]. To summarize, in HPV-related locoregionally
advanced HNSCC, the first FDG-PET evaluation should
be delayed up to 18 weeks after the completion of CRT.
At 12 weeks, early complete metabolic response or an
equivocal metabolic response associated with a nodal
involution on CT support continuation of follow-up up
to 18 weeks rather than ND. In HPV— carcinomas, any
equivocal lymph node uptake on FDG-PET at 3—4 months
would require ND.

To optimize these results and further predict treatment
response, innovative techniques are being used to test for
HPV-DNA circulating in peripheral blood at pretherapeu-
tic screening and after radical treatment in HPV+ patients.
Early prospective results indicated outstanding sensitivity
(90-100%) and specificity (93—-100%) at initial staging.
During follow-up, circulating HPV-DNA revealed a corre-
lation with the clinical response and, appeared as a prom-
ising predictive biomarker of tumor and nodal response
[62].
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Timing of neck dissection

Up-front neck dissection followed by definitive
chemo-radiotherapy

Up-front ND prior to radiation therapy is performed by
some specialized centers for N2-3 stages, notably for
necrotic nodes, bulky N2-3 or hypopharyngeal HNSCC
[63].

This approach is supported by several findings estab-
lished with two-dimensional radiation therapy and/or with-
out concurrent chemotherapy. First, response of the primary
and lymph nodes are often dissociated, with a lower rate of
nodal complete response [2]. Metastatic lymph nodes seem
less radiosensitive than primitive tumor as mentioned in the
veterans’ essay [64, 65]. For instance, lymphadenopathies
with high hypoxia volume or bulky tumor volume seem
less responsive to CRT and could be removed by ND. Sec-
ond, response assessment was historically challenging after
radiation therapy. Before Mehanna’s publication, correla-
tion between the clinical-radiological and the pathological
response was not demonstrated. This lack of correlation was
especially true for lymph nodes > N1 [66]. Third, surgery
does not compromise primary tumor control if postoperative
radiotherapy could be started shortly after. The median delay
between surgery and first day of radiotherapy across stud-
ies ranged from 21 to 29 days [63, 67—72]. Graboyes et al.
demonstrated that CRT should be started within 6 weeks
after ND, while a delay beyond 7 weeks was associated with
decreased survival [73]. Furthermore, pathological staging
as assessed on operative specimen could be used to modu-
late the dose of radiotherapy to the different lymph node
areas, especially in case of ENE. Modesto et al. published
outcomes of 63 patients with bulky and/or necrotic nodal
metastasis treated by up-front ND followed by CRT. Doses
delivered on the neck were ranging from 50 to 66 Gy based
on surgical features. They reported only one isolated neck
failure and a locoregional control of 88% at 3 years [74].
No prospective study addresses the question of a lower dose
and a slightly smaller volume using up-front ND to achieve
lower toxicity in the IMRT era. Finally, while up-front ND
is relatively convenient for an experienced surgeon, this
procedure after radiotherapy is associated with increased
acute morbidity. Specifically, there are surgical issues with
a risk of injury of noble structures and an increased risk of
bleeding during the ND procedure. Delays in healing due to
cutaneous and subcutaneous fibrosis may compromise defin-
itive outcomes. Up-front ND followed by definitive CRT is
associated with approximately 2.5% to 38% of minor acute
toxicities and 15% of late toxicities [63, 68, 69, 71].

However, issues pointing against up-front ND are, first
of all, that the large majority of lymphadenopathies <3 cm
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should be sterilized by CRT [75]. Because of a low prob-
ability of cervical failure, a systematic ND before CRT
could represent an over-treatment in more than 50% of
cases associated with increased morbidity [76, 77]. Con-
sequently, N1 stages are generally managed with exclusive
CRT rather than up-front ND [25, 78]. Second, a compre-
hensive or a selective ND is commonly used for the N2-3
stages, while a less morbid elective ND may be discussed
in majority of cases after CRT in case of residual or recur-
rent nodal disease.

The timing of ND in locoregionally advanced HNSCC
has been retrospectively compared between up-front ND
followed by CRT versus CRT followed by ND (Table 1).

Published data include a limited number of patients,
and the use of two or three-dimensional radiation therapy
without concurrent chemotherapy [38, 79-83]. In this set-
ting, some reports showed that ND followed by radiother-
apy was superior to radiotherapy + chemotherapy alone as
regards overall survival, disease-free survival and cervical
nodal control [79, 81, 83]. During the same period, con-
flicting results were published without superiority of up-
front ND in terms of efficacy [38, 80, 82]. Toxicity suffers
from a lack of accurate assessment. Two historical studies
reported acute and late toxicity without any significant
difference [79, 80]. Recent retrospective studies showed
reduced surgical morbidity using up-front ND compared to
ND after CRT. Elicin et al. found lower rates of mucositis
and pain of grade > 3 with up-front ND compared to post-
CRT ND [82]. Liu et al. recorded 6.5% of acute toxicity
with up-front ND and 47% with post-CRT ND, without
any statistical comparative analysis [83]. The most recent
retrospective study conducted by Nevens et al. compared
up-front ND followed by CRT (114 patients) to definitive
CRT (150 patients) in N2-3 HNSCC. They demonstrated
no statistical difference regarding the 2-year local (91%
vs. 86%, p=0.09), regional (89% vs. 83%, p=0.12) and
distant control (77% vs. 75%, p=0.92) in the groups with
and without up-front ND, respectively. In terms of toxic-
ity, they reported a significantly higher rate of grade >2
fibrosis at all time points up to 24 months (»p =0.01) in the
ND group [84].

Elicin et al. conducted recently a systematic review to
present treatment-related complications, toxicity rates and
efficacy outcomes of up-front ND. They underlined hetero-
geneity of disease and patient features, with a large preva-
lence of two-dimensional radiotherapy without concurrent
chemotherapy, and with a large majority of retrospective
studies. They concluded that up-front ND might improve
nodal control compared to radiotherapy alone and might
reduce serious local complications compared to planned or
salvage ND, with validation of this assumption requiring
controlled randomized trials [85].

Neck dissection after definitive chemo-radiotherapy

Historically, two approaches coexisted regarding ND fol-
lowing definitive CRT in stage N2-3 HNSCC [65]. A first
one was a systematic planned ND, regardless of response
to CRT. It had been based on the absence of correlation
between the clinical-radiological response and the histo-
logical one. Patients initially staged N2-3 were considered
at high-risk of residual tumor (up to 40%) and neck recur-
rence [86]. This approach was progressively abandoned with
a level Ib evidence following Mehanna’s trial for patients
in complete response after CRT, even in case of initial N3
stage. Survival among patients with FGD-PET-guided sur-
veillance was not inferior to those who underwent a planned
ND. This strategy was both more cost-effective and lead to
fewer ND procedure. A planned ND is currently performed
in case of residual nodal disease at the first physical and
imaging evaluation. Imaging follow-up at 3 months includes
a CT with intra-venous contrast and/or an MRI, and FDG-
PET at 3—4 months.

A salvage ND is defined as recurrent nodal disease
beyond 12-15 weeks following the completion of CRT in
HPV— HNSCC [87]. This definition could be extended
beyond 18 weeks in case of HPV+ HNSCC, as complete
response is often delayed [6]. Historically, based on opera-
tive specimens from planned ND following CRT, > 70%
were free from viable tumor cells in cases of > 70% of com-
plete response. Also N3 stages in complete response exhibit
regional control rates >85% [21, 25, 38, 42, 75, 88, 89].
Recently, Adams et al. showed a low rate of 6% of isolated
neck failure after CRT and FDG-PET-guided surveillance
for N3 stages [90]. The most critical issue for N3 stages is
more likely to be distant-metastatic failure (around 30%)
rather than neck recurrence [90].

Minor acute complications occurred among 28-33% of
patients, major ones up to 16% and, severe late toxicities in
up to 55% [65, 91, 92]. Machtay et al. looked for prognos-
tic factors of late toxicities for 230 patients after CRT in
locoregionally advanced HNSCC. The rate of severe late
toxicity > 2 years after CRT was 43%. Among others, ND
after CRT was correlated with development of severe late
toxicity [92]. More recently, the most relevant predictive
factor of toxicity appears to be the extent of surgery [93, 94].
For this reason, super-selective or elective ND modulated by
the nodal recurrent disease has emerged and may be offered
instead of a comprehensive ND. It consists of dissection of
residual/recurrent nodal disease and two or fewer contigu-
ous nodal levels [95, 96]. Elective ND enables to reduce
both acute complications at 10% and long-term morbidity
of the procedure [91, 97]. Efficacy of an elective ND after
CRT in N2-3 stages has been showed in several series, with
a low risk of local relapse, ranging from 1 to 5% [98, 99].
However, this approach has been evaluated in the most part
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for single-node level involvement, and the extension of ND
remains controversial in regionally advanced HNSCC with
several involved node-levels.

Cervical lymphadenopathies of unknown
primary

In a recent review, Troussier et al. provided an update on
diagnostic achievements and management of HNSCC lym-
phadenopathies of unknown primary [100, 101]. In France,
up-front ND is generally performed in this context. It can
be proposed as an exclusive treatment for low nodal vol-
ume (pN1) without pathological ENE, with no history of
incisional biopsy and histologically healthy tonsillectomy.
Postoperative CRT is recommended in cases of high-risk
features (vascular, lymphatic or perineural invasion, ENE,
positive surgical margins or advanced nodal involvement
(pN2b > 3 lymphadenopathies, pN2c-3). In the absence of
these adverse prognostic factors, exclusive postoperative
radiotherapy should be started within 6 weeks after surgery.
As it is usually practiced in the USA, radiation therapy
combined with concurrent chemotherapy without surgery
is also available. Nevertheless, up-front ND has been retro-
spectively associated with higher local recurrence-free sur-
vival compared to CRT alone [102]. No trial has statistically
proven with a strong level of evidence a significant differ-
ence in overall survival according to treatment modality, in
other words between up-front ND followed by postoperative
radiotherapy or CRT compared to definitive and exclusive
CRT.

Conclusion

The ongoing randomized, phase III UP-FRONT NECK trial
compares definitive CRT for locally advanced HNSCC with
or without up-front ND in the IMRT era (NCT02918955).
The study is now recruiting, and the results will not be avail-
able until 2022. In the absence of a higher level of evidence,
the decision-making tools for ND before or after CRT are
based on Mehanna’s trial and retrospective studies with
significant biases. Furthermore, overall survival and infield
cervical recurrence data for HPV— HNSCC are still lim-
ited, especially for N3 stages. Institutional trends are lead-
ing to a sequential treatment or, on the opposite, to CRT on
the tumor and lymphadenopathies followed by FDG-PET-
guided surveillance of the response. Excluding inoperable
patients and unresectable diseases, N3 lymphadenopathies,
as well as bulky N2 stages, specifically HPV — or necrotic
nodes, would be in favor of an up-front surgical approach,
while HPV+ diseases, and lymphadenopathies of unknown
primary would rather support CRT. Nonetheless, the

@ Springer

approaches and the ensuing outcomes remain not homog-
enous depending on the centers’ experience. For instance,
the management of hypopharyngeal HNSCC remains con-
troversial without prospective investigation, since recent
retrospective data have not suggested any relevant differ-
ence between the two strategies. However, the critical issue
for locally advanced HNSCC now appears to be the rate of
distant metastasis, which is in the range of 25-36% for these
stages compared to 10-15% for all stages confounded of
HNSCC. Systematic ND on its own does not seem enough to
prevent metastatic escapes. Future therapeutic advances will
definitely come from novel and innovative systemic thera-
pies combined with effective local treatment.
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