Radiotherapy and Oncology 207 (2025) 110880

Contents lists available at ScienceDirect

Radiotherapy
&Oncology

Radiotherapy and Oncology

ELSEVIER journal homepage: www.thegreenjournal.com

Review Article ' :.)
Post-operative radiotherapy for oral cavity squamous cell carcinoma:

Review of the data guiding the selection and the delineation of
post-operative target volumes

Mererid Evans -, Pierluigi Bonomo b Po Chung Chan“, Melvin L.K. Chua d

Jesper Grau Eriksen °, Keith Hunter', T.M. Jones', Sarbani Ghosh Laskar ¢, Roberto Maroldi ",
Brian O’Sullivan’, Claire Paterson’, Luca Tagliaferri K Silke Tribius', Sue S. Yom ™,

Vincent Gregoire "

& Division of Cancer and Genetics, Cardiff University and Dept. of Clinical Oncology, Velindre University NHS Trust, Wales, UK
b Dept. of Radiation Oncology, Azienda Ospedaliero-Universitaria Careggi, University of Florence, Italy

¢ Dept of Clinical Oncology, Velindre University NHS Trust, Wales, UK

4 Division of Radiation Oncology, National Cancer Centre Singapore, Singapore

€ Dept of Experimental Clinical Oncology, Aarhus University Hospital, Denmark

f Liverpool Head and Neck Centre, Molecular and Clinical Cancer Medicine, University of Liverpool, UK

8 Dept. of Radiation Oncology, Tata Memorial Hospital, Mumbai, India

" Dept. of Medical and Surgical Specialties, Radiological Sciences and Public Health, University of Brescia, Italy
! Dept. of Radiation Oncology, Princess Margaret Cancer Center, University of Toronto, Canada

J Beatson West of Scotland Cancer Centre, Glasgow, UK

X Dept of Diagnostic Imaging and Oncology, Fondazione Policlinico, Gemelli University Hospital, Rome, Italy

! Dept of Radiation Oncology, Asklepios Klinik St.Georg. Hamburg, Germany

™ Dept. of Radiation Oncology, University of California San Francisco, United States

™ Dept of Radiation Oncology, Centre Léon Bérard, Lyon, France

ARTICLE INFO ABSTRACT

Keywords: Background and Purpose: To date, no consensus guidelines have been published that systematically guide
Oral Ca"ityhsquamws cell carcinoma delineation of primary and nodal Clinical Target Volumes (CTVs) in patients who require post-operative
EOSt'Of_erznve management radiotherapy (PORT) for head and neck squamous cell carcinoma (HNSCC). As a result, significant individual,
ateralise

institutional and national variation exists in the way that CTVs are delineated in the post-operative setting,
leading to considerable heterogeneity in radiotherapy treatment.

Methods: A multi-disciplinary group of experts was convened by the European Society for Radiotherapy and
Oncology (ESTRO), including radiation oncologists from Europe, North America and Asia, as well as surgery,
radiology and pathology representatives. Oral cavity squamous cell carcinoma (OCSCC), where surgery followed
by PORT is the standard of care, was first selected for focus. The indications for PORT, and the influence of
tumour subsite and stage on post-operative treatment volumes, were considered with reference to current evi-
dence, and clinical experience within the group.

Results: We present clear recommendations regarding the indications for PORT in OCSCC, and propose a new
classification of lateralised and non-lateralised OCSCC, to help guide the delineation of post-operative nodal
CTVs.

Conclusions: The evidence and expert opinion summarised in this manuscript provides the background and
context required to underpin new international consensus guidelines for the delineation of primary and nodal
CTVs for OCSCC in the post-operative setting.
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Introduction

Inter-observer variability has been reported in the delineation of
radiotherapy target volumes for head and neck squamous cell carcinoma
(HNSCCQC), constituting a significant source of uncertainty in the radio-
therapy treatment pathway for head and neck cancer patients [1,2]. The
advent of increasingly conformal radiotherapy planning techniques,
including Intensity Modulated Radiotherapy (IMRT), Volumetric
Modulated Arc Therapy (VMAT) and Proton Beam Therapy (PBT), have
increased the potential clinical impact of relatively small differences in
target volume delineation, both in terms of tumour control and toxicity.
While most post-radiotherapy HNSCC recurrences occur within the
Gross Tumour Volume (GTV), marginal recurrence rates of 6 % and 18 %
have been reported after post-operative [3] and definitive IMRT [4,5]
respectively. Optimising radiotherapy delineation protocols to minimise
the risk of marginal and out-of-field failures, while sparing Organs at
Risk (OARs) to achieve evidence-based reductions in late toxicity,
including xerostomia [6] and dysphagia [7], is a crucial goal.

In 2018, international consensus guidelines were published to guide
the delineation of the primary tumour Clinical Target Volume (CTV-P)
in HNSCC patients receiving definitive radiotherapy or chemo-
radiotherapy [8]. The aim of these guidelines was to reduce the occur-
rence, and potential clinical impact, of variability in primary tumour
target volume delineation. In contrast to the definitive setting,
comprehensive guidelines for delineating target volumes in the post-
operative setting do not exist, and arguably are even more necessary
in view of the significant changes in anatomy that can occur following
surgery, and the inherent differences that exist in the interpretation of
the constellation of risk factors for recurrence that are ordinarily
addressed in the post-operative histology report. In order to address the
need to develop guidelines for the post-operative setting, a multi-
disciplinary group was convened by the European Society for Radio-
therapy and Oncology (ESTRO) representing the head and neck com-
munity, including international leaders in the field of radiation oncology
from outside Europe, to increase the global reach and relevance of the
guidelines produced, and enable them to be endorsed by international
groups from across the globe. In order to represent the multi-disciplinary
management of HNSCC patients, representatives of surgery (TMJ), pa-
thology (KH) and radiology (RM) were also invited into the group.
Through a series of virtual and face-to-face meetings, consensus was
reached on how the guidelines would be developed, and what they
would contain. In view of the complexities associated with delineation
in the post-operative setting, and the predominance of surgery as pri-
mary treatment for oral cavity squamous cell carcinoma (OCSCC), the
group agreed to focus initially on the post-operative management of
OCSCC; these guidelines will subsequently be adapted for the post-
operative management of tumours resected from the oropharynx, hy-
popharynx and larynx. The guidelines focus on conventionally frac-
tionated external beam radiotherapy and not stereotactic body
radiotherapy (SBRT) or brachytherapy. In suitable cases, the use of
brachytherapy may be considered as a monotherapy or boost technique
for OCSCC in the post-operative setting in centres that offer it [9]. In this
manuscript, the general principles for the treatment of oral cavity tu-
mours and the risk factors that warrant PORT are reviewed. These
principles underpin recommendations in an accompanying manuscript
that sets out new guidelines for the selection and delineation of primary
and nodal target volumes in the post-operative setting for OCSCC.

General principles for the management of oral cavity carcinoma

Surgical resection of the primary, followed by risk-stratified adjuvant
treatment, is recommended for patients with operable oral cavity
squamous cell carcinoma (OCSCC). Non-surgical treatment may be
considered for patients with inoperable OCSCC and/or patients who are
ineligible for, or decline, surgery. In these cases, CTV-P delineation
should follow previously published guidelines [8]. The present

Radiotherapy and Oncology 207 (2025) 110880

guidelines will focus on delineation of CTVs for OCSCCs in the post-
operative setting, after adequate surgery +/- reconstruction has been
undertaken.

Making detailed recommendations about the optimal surgical
approach used to resect a primary OCSCC is not within the scope of these
guidelines. In general terms, a surgical approach designed to minimise
the possibility of a positive (<1 mm) or close (1 to < 5 mm) margin at
the primary site on initial resection is recommended, because close and
positive margins are significantly associated with increased local
recurrence and overall recurrence in OCSCC in large retrospective
studies [10] and with worse survival outcomes on secondary analysis of
a randomised controlled trial (RCT) of post-operative chemo-radio-
therapy (POCRT) +/- lapatinib where greater margin distance was
associated with improved survival [11]. A meta-analysis of individual
patient local recurrence-free survival data (LRFS) from 8 studies in early
T1-T2 OCSCC showed that additional resection of cases with initial
positive/close margins on frozen section to achieve clear (or negative,
>5 mm) margins on final histology does not significantly improve local
control, suggesting that positive margins may reflect more infiltrative
tumours/more aggressive biology [12]. Thus when definitive histology
shows a pT1/T2 tumour with positive/close margins, re-excision may be
considered if feasible, but it remains unclear whether this affects prog-
nosis and/or obviates the need for PORT or POCRT. Such decisions need
to be taken cautiously and the need for clear margins must be balanced
with long-term function and quality of life for each patient.

Involvement of the T-N tract (soft tissue connecting the primary
tumour to neck lymph nodes) appears to confer a worse prognosis in
advanced OCSCC and an en-bloc resection with in-continuity neck
dissection may result in better oncological outcomes in cases of
advanced disease [13]. In early OCSCC, where there is a move towards
minimally invasive surgery and discontinuous neck dissection/sentinel
node biopsy (SNB), the T-N tract remains in situ and whilst the available
data suggests that the frequency of microscopic involvement of the T-N
tract is modest in early stage disease (12 % in pNO disease; 18 % in pT1-
2 N + disease) there may be implications for post-operative treatment
[14].

Along with surgery to the primary, therapeutic neck dissection is
recommended for the treatment of patients with OCSCC and clinical
regional lymph node metastases (N + disease), regardless of subsite
within the oral cavity. For patients with a clinically node negative neck
(cNO0), elective neck dissection (END) at the time of primary surgery is
recommended based on the results of a phase IIl randomised controlled
trial (RCT) of 596 patients with T1-T2NO OCSCC which demonstrated a
statistically superior 3 year overall survival rate following up-front END
compared to therapeutic node dissection on relapse (80.0 % vs 67.5 %
respectively, hazard ratio for death 0.64 in the END group, P = 0.01)
[15]. These results were confirmed in the SEND study that included 250
randomised and 346 observational cohort patients with T1-T2NO
OCSCC [16]. Occult neck disease was found in 19.1 % (T1) and 34.7
% (T2) of patients in this study, highlighting the importance of patho-
logically staging the neck in clinically NO disease. Primary tumour
specific factors including depth of invasion (DOI) are associated with
risk of occult lymph node metastases in OCSCC and some authors have
suggested criteria (e.g. DOI < 4 mm) by which patients may be selected
for avoidance of elective neck dissection [17] — there is however a lack of
randomised evidence to support this approach.

The decision about whether to perform unilateral (ipsilateral to the
primary) or bilateral neck dissection should be discussed at the multi-
disciplinary tumour board prior to surgery. In general, unilateral neck
dissection is recommended for patients with lateralised OCSCC, whilst a
bilateral neck dissection is recommended in cases of non-lateralised
OCSCC which are close to, or crossing, the midline. The varying defi-
nition of lateralised and non-lateralised OCSCC used in the literature to
date is confusing, and a standard definition is required to facilitate
future decision-making, as proposed later in this manuscript.

Lymph node yield, widely regarded as a surrogate for neck dissection
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quality, is an independent prognostic factor for survival in patients with
clinically localised (cNO) OCSCC. A total node yield of < 18 has been
associated with reduced overall survival rates in two retrospective,
multi-institutional cohort studies [18,19] and in a study of > 4500
clinically node negative (cNO) OCSCC patients from the National Cancer
Database [20]. Removal of > 18 nodes was also associated with
improved outcomes in 572 HNSCC patients treated on two NRG
Oncology RTOG trials, 98 % of whom were pathologically N + and
approximately a third of whom had OCSCC [21]. These studies recom-
mend that an adequate neck dissection should include at least 18 nodes,
even in a cNO neck and when a selective neck dissection is undertaken,
in keeping with ASCO guidelines [22]. In contrast, another retrospective
series of > 570 OCSCC patients from Canada (36 % were clinically node
positive) suggests that a nodal yield of > 15 nodes may be sufficient to
improve disease-free survival and loco-regional control [23]; thus,
further work is required to define the optimal cut-off. An ongoing pro-
spective, multi-centre, observational study of OCSCC and oropharyngeal
cancer patients in Europe and North America is aiming to define reliable
cut-off values for lymph node yield and lymph node ratio (see later) that
predict survival [24].

Sentinel Node Biopsy (SNB) is an alternative to elective neck
dissection in ¢T1-T2NO OCSCC. A prospective, observational cohort
study (Sentinel European Node Trial [SENT]) of 415 patients with cT1-
T2NO OCSCC reported a microscopic sentinel lymph node metastasis
rate of 23 %; a positive SNB led to a neck dissection within 3 weeks,
resulting in 3-year disease-specific survival of 94 % [25]. Two phase III
RCTs, from France and Japan, have subsequently shown equivalent
survival rates and improved functional outcomes following SNB
compared to END [26,27], although the large non-inferiority margins in
these trials means that smaller yet clinically meaningful differences
cannot be ruled out [28]. The results of the ongoing phase II/III NRG-
HNO0O6 RCT (https://clinicaltrials.gov/study/NCT04333537)
comparing SNB vs END for T1-T2NO OCSCC are awaited with interest. In
the meantime, SNB has been adopted by many specialist centres as an
alternative to END in patients with early (cT1-T2NO) OCSCC. Post-
operative management of OCSCCs should follow similar principles,
whether upfront neck dissection, or SNB followed (in positive cases) by
neck dissection, has been carried out. A strategy that omits completion
neck dissection in SNB positive cases and proceeds to immediate adju-
vant treatment may seem rational but is not routinely recommended and
should be tested in randomised trials.

Microvascular free-flap reconstruction is an established technique
used to fill soft tissue and/or bone defects resulting from surgical
resection of OCSCCs that are unsuitable for primary closure. Use of large
pedicled flaps, such as pectoralis-major flaps, is less common and usually
reserved for patients in whom free-flap reconstruction is not an option.
Accurate localisation of the anastomosis area between the flap and
native tissues which represent the tumour resection border is key for
adjuvant treatment planning but can be challenging, as has been high-
lighted by the Groupe d’Oncologie Radiothérapie Téte Et Cou (GORTEC)
[29]. Accurate localisation requires good dialogue with the operating
surgeon and/or review of the operation notes that give details of the
reconstruction; localisation may also be aided by placement of titanium
ligature clips implanted in the walls of the surgical cavity [30], and/or
the use of a planning/post-operative MRI scan.

Risk factors for recurrence after surgery for oral cavity carcinoma

Pathological risk factors have been identified which predict for
recurrence after surgery for HNSCC. The presence of microscopic disease
at the margins of resection [31,32] and/or the presence of extracapsular
extension (ENE) of nodal disease in the neck [32] have been long been
recognised as independent poor prognostic features for surgically
resected HNSCC. Indeed, the profound effect of ENE on prognosis for
non-viral HNSCC, including OCSCC, resulted in the upstaging of patients
with ENE to N3b disease in the UICC/AJCC TNM 8th edition clinical
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staging classification [33]. The benefit of PORT, in terms of improving
loco-regional control, as well as disease-free and overall survival, has
been demonstrated in patients with these risk factors [32]. A number of
other pathological risk factors have also been associated with an
increased risk of loco-regional recurrence after surgery and are in-
dicators for recommending PORT, particularly when clusters of 2 or
more of these risk factors occur together; four such factors confer a
prognosis similar to that of ENE [34] (see Table 1).

A detailed description of the optimal datasets for histopathological
reporting of OCSCC and the challenges in staging OCSCC are beyond the
scope of this manuscript but are summarised in nationally accredited
guidelines [35,36] and proceedings of national society meetings [37].
The histological risk factors that predict for recurrence in the context of
OCSCC are considered below.

Nodal factors

Extranodal Extension. Pathological extranodal extension (pENE) is
defined by the College of American Pathologists as “extension of meta-
static tumour, present within the confines of the lymph node, through
the lymph node capsule into the surrounding connective tissue, with or
without associated stromal reaction” and is measured from the external
aspect of the lymph node capsule to the most distant tumour focus. ENE
is a poor prognostic factor in cervical node-positive OCSCC [38,39] and
correlates with increased risk of regional and distant recurrence, and
poorer disease-free and overall survival.

Classification of pENE into minor or microscopic ENE (<2 mm) or
major (>2 mm) ENE is recommended by the AJCC for data collection
and future analysis [40]. Whilst most studies demonstrate worse sur-
vival outcomes for patients with ENE-positive vs ENE-negative disease,
the prognostic significance of minor vs major ENE is unclear and is
complicated by the varying classifications used in the literature, the
subjective nature of its assessment, and the effect of adjuvant treatment.
A retrospective study of 186 OCSCC patients from Michigan found no
significant difference in disease-free or overall survival between patients
with major and minor pENE at a 2 mm threshold [41], and another
reported poorer overall survival only in cases with soft tissue metastasis
defined as complete replacement of a lymph node with no residual nodal
architecture [42]. In contrast, pathologic review of 245 surgically
resected pN + OCSCCs undertaken at Memorial Sloan Kettering Cancer
Centre found that disease specific survival, on multivariate analysis, was
significantly lower in patients with major ENE compared with patients
with minor ENE, but not significantly different between patients with
minor ENE and patients with no ENE [43]. A cut-off of 1.7 mm of pENE

Table 1
Pathological T and N risk factors for recurrence in Oral Squamous Cell Carci-
noma (OCSCCQ).

Established risk factors for Possible risk factors

recurrence and indications for

PORT
Primary Positive margin (<1 mm)* Moderate-high grade
tumour Close margin (1 to < 5 mm) Worst pattern of invasion
factors pT3 and pT4 category** (WPOI) grade 5

Perineural Invasion (PNI)***
Lymphovascular Invasion (LVI)***
Extranodal Extension (pENE)*
pN2 and pN3 category

Tumour Infiltrating
Lymphocytes (TIL) low

Nodal factors pN1 single node > 10 mm

*Indications for post-operative chemo-radiotherapy.

** pT category (UICC/AJCC TNM 8™ ed.) includes tumour size and Depth of
Invasion (DOI): pT1 < 2 cm and DOI < 5 mm; pT2 < 2 cm and DOI > 5 mm or >
2 cm and < 4 cm and DOI < 10 mm; pT3 > 2 cm and < 4 cm and DOI > 10 mm
or > 4 cm but DOI < 10 mm; pT4 invades adjacent structures (e.g. bone of
mandible or maxilla or adjacent skin) and/or > 4 cm and DOI > 10 mm.

*** PNI and LVI are possible risk factors for recurrence and are commonly
considered together and/or with other risk factors to guide adjuvant decision

making.
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was the optimal prognostic threshold for predicting disease specific
survival in this study. A more recent study from Princess Margaret
Cancer Centre, Toronto of 384 surgically resected pN + OCSCCs who
were re-reviewed and classified as having minor (<2 mm) or major (>2
mm) ENE reported that patients with minor ENE had similar 5-year loco-
regional control and distant control, but lower disease-free survival (38
% vs 51 %, p = 0.02) compared with patients with no ENE, while pa-
tients with major ENE had a trend for lower loco-regional control (59 %
vs 74 %, p = 0-07) and significantly lower distant control (58 % vs 82 %,
p = 0-005) and disease-free survival (13 % vs. 38 %, p=-001) compared
with those with minor ENE [44]. Adjuvant treatment is recommended
for patients with ENE as discussed later in the manuscript.

Lymph node burden

Node negative (pNO) disease. In retrospective series of OCSCC, the rate of
recurrence in node negative (pNO) neck treated with surgery alone
varies between 8-15 % [45,46]. If the neck is pNO after an adequate
neck dissection (>18 nodes) then that is not in itself an indication for
PORT. However, some levels of the pNO neck are often included in the
radiotherapy treatment volumes for OCSCC where there are indications
for PORT at the primary site. Despite being widely practised, the benefit
of treating the nodal regions in the pNO neck is unknown. A non-
randomised phase II trial of 77 patients with HNSCC, including only a
few OCSCC patients, omitted PORT to the pNO neck and reported a
regional control rate of 97 % in the unirradiated pNO neck [47]. A
recently completed prospective randomised phase II multi-centre study
(PRESERVE, Clinicaltrials.gov identifier: NCT03997643) randomised
OCSCC patients with pT1-4 NO-2 OCSCC with at least one pNO neck to
standard PORT or pNO-neck avoiding PORT, and will report regional
failure as its primary endpoint; the results are awaited with interest
[48].

Single positive node

Single larger nodal metastases portend a worse prognosis for HNSCC
in general as reflected in the TNM staging system (>3 cm N2a, >6 cm
N3a). A single node > 3 cm has long been associated with an increased
risk of loco-regional recurrence after surgery and is an indicator for
recommending PORT [34].

Retrospective studies have shown that larger metastatic deposits
predispose to pENE. In one study of 212 OCSCC patients with regional
nodal metastases, a cut-off point of 11.5 mm had a sensitivity of 79.8 %
and specificity of 72.8 % for pENE prediction [49]. A further study re-
ported pathological analysis of 231 nodes with pENE, and 200 nodes
without ENE, from 94 OCSCC patients who had undergone neck
dissection [50]. Incidence of pENE was associated with larger LN size (p
< 0.001), yet even smaller nodes carried a risk of pENE which was found
in 48 % of nodes with diameter < 10 mm and 29 % nodes < 5 mm.

Whether the size of a metastatic deposit influences outcome in pa-
tients with pN1 disease is not clear. In a retrospective analysis of 707
OCSCC patients, including 121 patients with a single neck node (pN1), a
nodal metastatic deposit measuring > 12 mm was associated with a non-
significant trend to worse overall survival on multivariate analysis (p =
0.09) [51]. What is more convincing is that the size of the nodal
metastasis in OCSCC patients with pN1 disease may predict benefit from
PORT. A cohort study of 1909 patients with pN1 OCSCC in the National
Cancer Database, 898 of whom received PORT, showed that patients
with nodal metastasis measuring > 10 mm derived greater benefit from
PORT compared to patients with smaller metastases [52].

Overall, the recommendation of PORT can be streamlined for pa-
tients with pN1 disease. PORT may be considered for some cases with a
single pathological node > 1 c¢m in size, particularly where there are
strong indications for PORT at the primary site. If the node is < 1 cm in
size, and an adequate neck dissection (>18 nodes) has been carried out,
then PORT to the neck may not be required. Where PORT is given, the
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type of surgical approach to the primary tumour (transoral vs pull-
through) and the ensuing clearance (or not) of the T-N tract may also
be important factors to consider, to provide adequate coverage of the T-
N tract.

Multiple positive nodes (pN2b, AJCC/UICC 8th ed.)

The RTOG 85-03 and 88-24 clinical trials [34,53] showed that
involvement of > 2 lymph nodes increases the risk for loco-regional
failure in HNSCC. A study of 14,554 surgically treated OCSCC patients
identified from the National Cancer Database, demonstrated increasing
mortality with an increasing number of positive nodes without plateau:
estimated 5-year overall survival rates were 65.3 %, 49.9 %, 41.1 %,
29.7 %, 27.5 %, 18.5 %, and 9.7 % for those with zero, one, two, three,
four to six, seven to nine and > 10 positive nodes [54]. Patients with > 4
positive nodes have worse outcomes in most studies [55]. High lymph
node ratio (or density), defined as the number of positive lymph nodes
divided by the total number of resected nodes, has been associated with
higher loco-regional failure rate, and poorer overall and disease-specific
survival in OCSCC. In an international, multicentre study of 4254 pa-
tients with OCSCC, 5 year overall survival rate was 49 % for patients
with LNR <£0.07 compared with 35 % for patients with LNR > 0.07 (P <
0.001) [56]. Meaningful and comparative LNR data relies on ensuring
adequate nodal yield at neck dissection.

Level I, followed by levels II and III, are the most commonly involved
nodal basins as shown in an analysis of 8281 OCSCC cases in the SEER
database who underwent neck dissection 2004-2011 [57]. Involvement
of level IV (11 %) and V (5.5 %) is less common [58]. In a study of 510
patients, the frequency of level IV and V metastases varied significantly
between elective (level IV 3 %, level V 1 %) and therapeutic (17 % level
IV [p < 0.0011, 6 % level V [p < 0.03]) neck dissections in patients with
floor of mouth and gum primaries, but were not seen in any group with
tongue, retromolar trigone, and cheek primaries [59]. In a meta-analysis
of > 300 patients with previously untreated OCSCC in 9 studies, the
overall percentage of patients with level IIb metastases was 6 % (95 %
CI:3.5-8.6); most (85 %) patients with level IIb nodal involvement had
additional nodal disease, predominantly in level IIa [60]. The 5-year
disease-specific survival is higher for patients with level I, Il and/or III
involvement only (42 %), compared with patients with level IV (30.6 %,
p < 0.0001) or V (26.4 %, P < 0.0001) involvement [57].

Skip metastases, occurring when a metastasis is found in a higher
level without involvement of the 1st echelon or intermediary node, can
occur in OCSCC, predominantly to levels IIb and III, and more rarely to
level V [58]. The rate of skip metastases to level IV in a clinically node
negative (NO) neck has been debated [61]. In a systematic review and
meta-analysis of 11 retrospective and 2 prospective RCTs the overall rate
of skip metastases to level IV was low (<5% with a fixed-effects model of
0.50 %) [62].

The lingual lymph nodes (LLN), a group of in-transit nodes located
on the route of lymph drainage from the oral (particularly tongue)
mucosa to the regional nodes in neck levels I and II, may harbour met-
astatic disease, with a frequency of 3.5 %-7.1 % reported in retrospective
studies of surgically treated OCSCC [63,64]. These studies have reported
an association between LLN metastasis and cervical regional nodal
metastases and poorer outcomes. Four topographic groups of LLN have
been defined: median (between genioglossus and geniohyoid muscles),
intermediate parahyoid (medial to the hyoglossus muscle, at the greater
cornu of the hyoid bone), lateral sublingual (at the sublingual salivary
gland) and lateral submandibular (lateral to the hyoglossus muscle, at
the deep surface of the submandibular salivary gland) [65] which could
aid further study to define their relevance for surgery and post-operative
treatment in OCSCC.

Primary tumour factors

Margins. The impact of positive margin status on outcomes in OCSCC
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has been previously discussed. As with positive margins, close resection
margins around the primary tumour are variably defined in the litera-
ture, but in the oral cavity from a surgical point of view > 5 mm is clear,
1-5 mm is close, and < 1 mm is a microscopically involved/positive
resection margin [35]. For practitioners who use the residual tumour (R)
classification, R1 refers to microscopic residual tumour at the margin,
and RO to no residual tumour at the margin [66]. An R2 resection has
macroscopic (either by imaging or intraoperative assessment) residual
tumour at the margin and requires treatment with definitive chemo-RT
which is not covered by these guidelines. Acknowledgement is made of
fixation and processing distortion on measurements which may cause
shrinkage including the surgical margin, and on the effect of laser and/
or electrocautery associated tissue distortion at the margin. Micro-
scopically positive and close margins are associated with increased risk
of local recurrence and are indications for PORT [34].

The presence of high-grade dysplasia/carcinoma in situ at the
margin is associated with an increased risk of local recurrence and
should be recorded in the pathology report [35]. Whenever possible,
resection of the dysplastic area should be attempted to reduce the risk of
future recurrence.

While tumours arising in the oral tongue are relatively distant from
bone structures, even small lesions arising from other oral subsites may
be close (buccal mucosa) or directly adjacent (alveolar ridge, floor of
mouth, retromolar trigone) to bone structures (alveolar process,
mandible, maxillary bone). Achieving ‘clear’ (>5 mm) margins in these
cases is challenging and this should be considered in adjuvant decision-
making, particularly for early T1 tumours where there are no other risk-
factor for recurrence; in these cases, ‘close’ margins without involve-
ment of the periosteum may be considered sufficient with no need for
adjuvant treatment.

T-category. Advanced T category, defined as T3-T4 disease, is associated
with higher local recurrence rates in surgically resected HNSCC
compared to T1-T2 disease [67] and is an indication for PORT. A Na-
tional Cancer Database (NCDB) analysis of 3268 patients with pT4aNO
OCSCC treated with mandibulectomy demonstrated that PORT was
associated with improved overall survival, and that the relative survival
advantage from PORT improved with increasing tumour size (adjusted
HR in favour of PORT: 0.63 for tumours > 4 ¢cm [95 % CI: 0.48-0.82] vs
0.76 for tumours > 2 cm but < 4 cm [95 % CI: 0.62-0.93] vs 0.81 for
tumours < 2 cm [95 % CI: 0.57-1.15]) [68].

Pathological T1-2 disease is not an indication for PORT per se, unless
coupled with other risk factors for recurrence. The impact of PORT in
patients with pT1-T2N1 OCSCC without adverse nodal features has been
studied in > 2000 surgically treated patients from the SEER database
1983 -2013 [69,70]. Patients with pT2N1 disease were more likely to
receive PORT, and PORT appeared to have a greater impact on overall
and disease specific survival in T2 compared to T1 disease. A recent
cohort study of 209 patients from 27 centres in Germany reported no
impact on survival, but a decrease in loco-regional recurrences following
PORT in T1-T2NO OCSCC [71]. Consideration of PORT in these patients
requires the clinician to balance the presence of other risk factors for
recurrence and the toxicity/impact on QOL of post-operative treatment.
Furthermore, where an en bloc resection has not been carried out,
consideration may be given to PORT to cover the path of microscopic
disease spread from the primary to the neck (the T-N tract). Irradiation
of the path of microscopic disease is not normally required in an NO neck
with a small primary tumour and is typically only considered in the
presence of other risk factors such as lymphovascular invasion (LVI).

Depth of Invasion. Increasing depth of invasion (DOI), measured
perpendicular to the surface mucosa, from the level of the basement
membrane of the closest adjacent normal mucosa to the deepest point of
tumour invasion, predicts for lymph node metastasis [17] and for worse
disease-free survival and overall survival in patients with OCSCC. As a
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result, DOI has been incorporated into the UICC/AJCC TNM (8th edi-
tion) T classification [33]. Including DOI in the pT classification
upstaged 22.8 % of patients in a retrospectively analysed cohort of 298
OCSCC patients who had a worse disease-free and overall survival
compared to patients who were not upstaged, indicating that the 8th
edition T category classification enables better stratification of patients
with OCSCC [72].

Intriguingly, one small (n = 123) retrospective study has suggested
that the margin to DOI ratio (MDR) is an independent predictor of
disease-free survival, and that the minimum safe surgical margin can be
calculated by multiplying DOI by 0.5 [73]. Larger studies are required to
explore this further.

The impact of PORT based on DOI was explored in a multi-
institutional international collaborative study involving a retrospective
cohort of 1,409 patients with OCSCC < 4 cm in size treated between
1990-2011 [74]. In this study, DOI was strongly correlated with other
adverse pathological features including positive/close margins, primary
tumour size, pN + status and ENE. In patients without other adverse risk
factors (pNO, clear margins), no significant association was seen be-
tween disease-specific survival and DOI, even in the absence of PORT.
The authors concluded that the deterioration in prognosis associated
with DOI reflects an association with other adverse risk factors, and that
DOI alone should not be an indication for PORT.

Perineural invasion. Perineural invasion (PNI) has long been associated
with an increased risk of loco-regional recurrence after surgery [34,75].
Controversy exists about the administration of PORT when PNI is the
only adverse histological feature. In a retrospective study of 1524
OCSCC patients who underwent surgery between 2012-2015 incidence
of PNI was 20.3 % and was higher in oral tongue cancers [76]. Presence
of PNI adversely affected overall and disease-free survival (HRs 1.7 and
1.84 respectively) across all subgroups, including in patients with node
negative disease, and addition of PORT improved survival.

Lymphovascular Invasion. Lymphovascular invasion (LVI) has also been
identified as a possible risk factor for recurrence after surgery [77]. In
OCSCC specifically, a meta-analysis of 36 studies involving 17,109 pa-
tients concluded that LVI is associated with higher incidence of lymph
node metastases and worse survival, even in patients with early-stage
OCSCC [78]. Like PNI, recommending PORT when LVI is the only
adverse histological feature is controversial and PORT is generally rec-
ommended when LVI exists with other risk factors for T- or N- category
recurrence.

Tumour grade and pattern of invasion. Grade of the primary tumour has
also been identified as a possible risk factor for recurrence [77], but its
individual significance remains unclear. What appears more relevant for
OCSCC is the type of invasive front, specifically the worst pattern of
invasion (WPOI) seen at the advancing front of the tumour, which can be
graded from 1 (best, cohesive) to 5 (worst, most infiltrative) [35]. In a
retrospective cohort study of 772 patients, tumours displaying type 4-5
WPOI required larger surgical margins (7.8 mm), compared to tumours
that were more cohesive with type 1-3 WPOI (1.7 mm) [79]. Tumours
displaying type 4-5 WPOI were associated with higher local recurrences
in this study. Pattern of invasion, if reported on diagnostic biopsy
specimen, could inform the surgical approach to OCSCC. Currently
however the evidence is weak and unclear regarding the relevance of
WPOI to decision-making about PORT, over and above information on
margin status.

Retrospective studies suggest that clustering risk factors including
PNI, moderate/high tumour grade, close/involved margin status and
pN + status can aid prognostication in OCSCC beyond TNMS8 staging
[80] and guide adjuvant decision making. A retrospective cohort study
of > 500 patients from China with pT1-T2NO OCSCC demonstrated
improved disease-free and overall survival. Cases with moderately-
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poorly differentiated squamous carcinomas, without PNI or LVI, who
received PORT had better disease-free and overall survival than those
who did not; similarly, cases with PNI and/or LVI also had better out-
comes after PORT [81]. However, a lack of randomized, prospective
evidence precludes definitive conclusions to be reached in every clinical
scenario, as highlighted in work undertaken by the GORTEC and Italian
Association of Radiation Oncology (AIRO) to reach consensus on in-
dications for PORT in low to intermediate risk OCSCC [82]. Good
multidisciplinary discussion, and shared decision-making with patients,
is advised in view of the limited evidence available and the importance
of a risk/benefit discussion for the individual patient.

Tumour-infiltrating lymphocytes (TIL) and molecular biomarkers. There is
increasing evidence that TILs have prognostic and potentially predictive
significance in some HNSCCs, with high TIL tumours being associated
with better outcomes in HNSCC [83]. Studies have shown that scoring
tumours as TILyjgn (TIL infiltrate in > 80 % of tumour), TILyoderate (TIL
infiltrate in 20-80 % of tumour) and TIL,y (TIL infiltrate in < 20 % of
tumour) from H&E sections is practical. In comparison to virally-driven
oropharyngeal cancers, OCSCCs are less likely to be TILpjgp, and there is
no evidence yet that TIL levels can guide treatment decision making for
OCSCCs. Capturing this information on the histopathology report may
help inform future guidelines [35].

There appears to be no correlation between Human Papillomavirus
(HPV) infection and OCSCC [84,85]. Routine testing of P16 IHC/HPV-
DNA ISH, or other molecular markers, is currently not recommended
in cases of OCSCC.

Oral verrucous carcinoma. Oral verrucous carcinoma (VC) is a well-
differentiated tumour rarely associated with regional or distant metas-
tases, which constitutes ~ 3 % of OCSCCs [86]. Complete surgical
resection results in excellent outcomes. The available evidence does not
support the use of PORT for VC, and analysis of 581 oral VC cases
included in the SEER database suggested a trend towards worse overall
survival and disease-specific survival after surgery and PORT compared
to surgery alone [86]. PORT is therefore not recommended for oral VC,
and re-excision is recommended in cases of incomplete excision or local
recurrence.

Adjuvant treatment after surgery for oral cavity carcinoma

The following factors require consideration in the post-operative
setting (see Table 2):

e Stratification into groups with low, intermediate, high risk of
recurrence

e Indications for post-operative radiotherapy (PORT)

e Indications for post-operative chemo-radiotherapy (POCRT)

e Unilateral vs bilateral treatment

e Overall Treatment Package Time

e Dose of radiotherapy.

Stratification of patients into low, intermediate and high-risk groups
Several studies have attempted to stratify patients with HNSCC into
risk groups, based on the presence or absence of clusters of pathological
risk factors for recurrence [34,77,87,88]. Despite different nomencla-
tures, these risk groupings are similar in principle and can aid adjuvant
treatment decision making. Low-risk groups, with no adverse patho-
logical features, have excellent loco-regional control and survival out-
comes (90 % and 83 %, respectively at 5 years [87]) and do not require
PORT. High-risk groups, defined as patients with positive surgical
margins and/or ENE, should be offered POCRT as long as there are no
contraindications to this (see below). Although patients with a multi-
plicity of other risk factors have been deemed ‘high-risk’ in some studies

Table 2
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Summary of principles underpinning decisions regarding adjuvant treatment
after surgery for oral cavity carcinoma.

Summary of principles Treatment
recommendation
Stratification into High-risk: High-risk:

risk groups for
recurrence

Indications for post-
operative
concurrent chemo-
radiotherapy

Categorisation
depending on
tumour location

Overall Treatment
Package Time (OTT)

Post-operative
radiotherapy dose

Positive (<1 mm) margin/
R1 resection

ENE

Intermediate risk:

Close margin (1-5 mm)
pT3 and pT4 category
PpN2 and pN3 category
Perineural Invasion (PNI)
*ka/

Lymphovascular Invasion
(Lvnp*?

Low risk:

pT1 and pT2 category with
none of the primary
tumour risk factors above
pN1 category with single
node < 10 mm*"

Positive (<1 mm) margin/
R1 resection

Extranodal Extension
(PENE)

Lateralised OCSCCs
Non-lateralised (midline)
OCSCCs

Days from surgery to the
last day of adjuvant
radiotherapy

Optimal: < 11 weeks

Less optimal: < 13 weeks
Problematic: >13 weeks
A dose > EQD, 54 Gy is
required to the tumour
bed.

Doses > 63 Gy in 1.8 Gy
fractions (EQD2 60 Gy)
result in higher toxicity
and may not improve LRC,
particularly in the absence
of pENE.

Post-operative chemo-
radiotherapy (POCRT)
Intermediate-risk:
Post-operative
radiotherapy (PORT)
Low-risk:

No post-operative
treatment

Cisplatin-based POCRT,
given:

100 mg/m® given 3
weekly

or

40 mg/m® given weekly
Unilateral neck treatment
Bilateral neck treatment

Start radiotherapy within
5 weeks of the date of
surgery, so that 30
fractions can be completed
by 11 weeks after surgery.

High-risk CTV: EQD,
64-66 Gy

Post-operative CTV: EQD,
56-60 Gy

Prophylactic CTV: EQD,
50 Gy

*1 PNI /LVI alone or in combination with other risk factors.

*2 pN1 category with single node > 10 mm but < 30 mm may be regarded as
‘intermediate risk’ and an indication for radiotherapy, particularly when com-
bined with other risk factors. Adjuvant radiotherapy for a single node < 10 mm
is not routinely recommended but may be considered in certain circumstances,
including inadequate neck dissection.

(77, 87), there is as yet no conclusive evidence that POCRT improves
outcomes compared to PORT alone in these patients. We therefore
recommend that intermediate-risk groups should be offered at least
PORT as a standard, with careful consideration of addition of systemic
therapy on an individual basis for those patients with multiple con-
cerning factors.

Indications for post-operative radiotherapy (PORT)

This important area has minimal randomised data, presumably
because the traditional decision to offer PORT in the presence of adverse
prognostic factors is reasonable in the context of the devastating im-
plications of recurrence in these patients. Nonetheless a single small
randomised controlled trial accrued 140 patients between 1990 and
1994 in India [89]. Patients had Stage III/IV squamous cell carcinoma of
the buccal mucosa with the majority requiring flap reconstruction due to
large defects after ablation. PORT (58-65 Gy, 1.8-2.0 Gy/fx, 5 fx per
week) was administered to 80 patients compared to 60 patients who
received surgery alone. Some imbalance in number between the both
groups resulted from a preference of some investigators to put more
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clinically node-positive cases into the PORT group. Despite this, those
receiving surgery and PORT experienced a 30 % absolute improvement
in disease free survival compared to surgery alone at 3 years (68 % vs 38
% p < 0.001). A 10 % absolute improvement in 3 year overall survival
was also evident with PORT (94 % vs. 84 %) but was not statically
significant, presumably due to the small sample size.

Patients with multiple (>1) positive nodes and multiple (>1)
involved nodal levels should be offered PORT. The benefit of PORT/
POCRT compared with surgery alone appears greater in patients with >
4 positive nodes. In a retrospective review of 98 OCSCC patients who
had undergone neck dissection, 5-year disease-specific survival was
significantly higher in patients with 3 positive nodes vs those with 4 and
> 5 positive nodes (P < 0.01) [90]. The loco-regional control and
disease-specific survival rates for the surgery alone, surgery plus PORT,
and surgery plus POCRT groups were 46.2 % and 40.5 %, 66.3 % and
54.4 %, and 81.7 % and 52.4 %, respectively. For patients with > 4
positive nodes, the loco-regional control rate after surgery plus POCRT
was better than that observed after surgery alone (77.5 % vs. 32.6 %, P =
0.01). The benefit of PORT compared to surgery alone may also be
greater in patients with low neck involvement. In the study of OCSCC
cases in the SEER database, surgery with PORT significantly improved 5-
year disease-specific survival compared with surgery alone for patients
with level I to III (50.7 % vs 48.6 %, P = 0.0109), level IV (39.9 % vs
23.2 %, P < 0.0001) and level V (33.3 % vs 9.1 %, P = 0.0005) neck
disease [57].

There are areas of uncertainty that require individualized treatment
decision making. For instance, it is difficult to estimate the risk of loco-
regional recurrence in patients for whom PNI and/or LVI is the only
adverse pathological factor, because these characteristics usually occur
in patients with other known factors for recurrence. However, because
these characteristics may represent more aggressive loco-regional dis-
ease, PORT should be considered, particularly where other risk factors
exist.

Indications for concurrent post-operative chemo-radiotherapy (POCRT)
Addition of concurrent chemotherapy with cisplatin to PORT is
recommended for HNSCC patients with positive resection margins
around the primary tumour (R1) and/or ENE in the neck, based on the
results of two landmark studies, RTOG 9501 and EORTC 22931; 26-27
% of patients in both studies had OCSCC [91,92]. Post-operative con-
current chemotherapy (cisplatin 100 mg/m? on weeks 1, 4 and 7)
improved local control and disease-free survival rates compared with
PORT alone in both studies, benefits that persisted on long-term (10
year) follow-up [93]. Overall survival was significantly improved in the
European study, but not the US study, possibly due to the different
eligibility criteria used. Importantly however, overall survival was
significantly improved by POCRT in patients with positive margins and/
or ENE on a select pooled analysis of patients having those features in
both studies [94]. The benefit of POCRT was confirmed in a sub-group
analysis of 5000 surgically treated patients included in the MACH-NC
meta-analysis of chemotherapy in HNSCC [95]. Addition of concurrent
chemotherapy improved overall survival (HR = 0.79 95 %CI:
0.69-0.92), a benefit that was significantly greater in women compared
to men (p = 0.001). A lower rate of comorbidities and of mortality not
related to cancer in women than men may explain the observed results,
although this remains speculative. The reduced chemotherapy effect
seen in patients older than 70 yrs in the updated MACH-NC meta-anal-
ysis [96] was not seen in the surgical sub-group, possibly because pa-
tients treated by surgery were younger (only 7.7 % were older than 70),
and the smaller number of overall cases (28.6 % of the MACH-NC
population) may have diluted the association. Patients > 70 yrs were
excluded from EORTC 22931 and represented only 6 % (25 out of 416)
of patients in RTOG 9501. Therefore there is a lack of data to generate
firm conclusions regarding the use of POCRT in an older age group; in
view of this and the significant toxicity associated with POCRT, its use in
patients > 70 yrs of age is left to the discretion of the treating physicians.
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A phase III Oral Cavity Adjuvant Therapy randomised trial (OCAT)
has investigated the benefit of POCRT specifically in 900 patients with
locally advanced OCSCC [97]. In addition to positive margins and ENE,
high-risk features included > 2 regional lymph nodes, extensive tissue
infiltration, PNI, LVI. In this study, POCRT did not improve loco-
regional control or survival in locally advanced OCSCCs compared to
PORT alone or compared to accelerated (6 fractions per week) PORT.
The authors suggest this may be related to the low margin positivity rate
(<1%) and higher overall survival rates in the standard PORT arm
compared with previously published POCRT studies, as well as the low
dose of weekly cisplatin (30 mg/m?) used, which appears less effective
than a 3-weekly regimen at 100 mg/m? (see below). Post-hoc explor-
atory analysis suggested a benefit to intensification only in patients with
multiple risk factors, (such as ENE together with advanced T [T3-4]and
N [N2-3] categories) which may be explored in future studies. In the
previously mentioned study from Toronto of major and minor pENE, on
multivariable analysis, concurrent POCRT was associated with
improved disease-free survival for major ENE (adjusted HR = 0-49; 95 %
CI 0-29-0-85, p = 0-01) but not for minor ENE after adjusting for age,
ECOG status, T-, N-category, margin status, and radiotherapy [44]. The
NRG/RTOG 0920 phase III trial randomised 627 HNSCC patients (64 %
had OCSCC) with intermediate-risk histology after surgery (patients
with positive margins and/or ENE were excluded) to receive PORT or
PORT with Cetuximab [98]. Addition of Cetuximab to PORT did not
improve overall survival (the primary endpoint), although did improve
disease-free survival, albeit at the cost of increased acute toxicity, mostly
skin and mucosal effects. Based on these data, addition of systemic
therapy to PORT is not routinely recommended in patients with
intermediate-risk histology, although selected subgroups may benefit.

The dose and schedule of cisplatin administered with PORT is
important. A non-inferiority phase III randomised trial of low-dose
weekly cisplatin at 30 mg/m? vs 3 weekly cisplatin at 100 mg/m? in
300 patients with locally advanced HNSCC, mostly in the adjuvant
setting (93 %) with high-risk features (ENE, close or positive margins),
showed a superior 2 year locoregional control rate with the standard 3
weekly cisplatin dose regimen compared to the weekly schedule (2 yr
LRC rate 73.1 % vs 58.5 % respectively: absolute difference 14.6 % [95
% CI: 5.7 %-23.5 %] p = 0.014), albeit with more toxicity [99]. There
was no difference between patients in both arms who received at least
200 mg/m?, but this cumulative dose was less often achieved in the
weekly low-dose arm. In comparison, a more recent multicentre, non-
inferiority phase II/III randomised controlled trial conducted in Japan
(JCOG1008) which included 261 patients with resected locally
advanced HNSCC and high-risk features for recurrence (defined as ENE
and/or positive margins), compared a weekly cisplatin 40 mg/m? dose
regimen vs a 3 weekly cisplatin 100 mg/m? regimen and showed that it
was non-inferior in terms of overall survival; estimated 2- and 3-year
overall survival was 74.2 %/59.1 % in the 3-weekly arm and 77.7
%,/71.6 % in the weekly arm [100]; at final analysis with 5-year follow-
up, the non-inferiority of weekly cisplatin was confirmed [101]. Weekly
cisplatin was also associated with a favourable toxicity profile in this
study. Taken together, these results suggest that patients with ‘high risk’
features defined as a positive margin and/or ENE should receive con-
current cisplatin, at a standard 3 weekly 100 mg/m? dose regimen, or
alternatively with a weekly 40 mg/m? dose regimen, but not with a
lower 30 mg/m? dose regimen. Achieving a cumulative cisplatin dose of
at least 200 mg/m?2 is required for optimal outcomes [102].

Unilateral vs bilateral treatment: Lateralised and non-lateralised oral cavity
cancers

In the clinically NO neck, retrospective studies have reported a
contralateral lymph node metastasis (CLNM) rate of approximately 9 %
in patients with OCSCC, mostly oral tongue, who undergo contralateral
neck dissection at the time of initial surgery [103,104]. Extension over
the midline increases the risk of CLNM on multivariate analysis, and in
most studies the risk of CLNM is higher for floor of mouth and oral
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tongue cases than other OCSCCs. Ipsilateral nodal metastases and ENE
appear to increase the risk of CLNM [103].

Data on the rate of contralateral neck failure (CLNF) after treatment
for OCSCC are confounded by the varying definition of lateralised and
non-lateralised OCSCCs used in the literature, the heterogeneity in pri-
mary and nodal risk factors included in different study cohorts, and the
differences in up-front treatment to the contralateral neck (elective neck
dissection, prophylactic radiotherapy, neither or both). A meta-analysis
of 524 OCSCC patients from 8 retrospective cohort studies reported low
CLNF rates (3.4 %, 95 % CI: 2.2-5.4 %) after surgery and radiotherapy to
the primary site +/- ipsilateral neck only [105]. Subgroup analysis
showed that the CLNF rate was higher in the N2-N3 group than NO-1
group (14.4 % vs 1.5 %, p = 0.0008) and in oral tongue vs non-
tongue cases (6.3 % vs 2.8 %, although this was not statistically signif-
icant, p = 0.09). Two studies included in this meta-analysis have re-
ported CLNF rates of > 30 % in patients with oral tongue or FOM
primaries with N2a/b disease who did not receive contralateral neck
irradiation [106,107]. In a more recent systematic review and meta-
analysis of 1825 patients in 15 studies, the rate of CLNF among the 805
patients treated with ipsilateral nodal RT was 5.7 % [108]. The CLNF
rate increased with advanced T category (56 % of CLN failures occurred
in patients with T4 tumours) and advanced nodal disease (NO: 1.2 %; N1:
3.8 %; N2-N3: 17.4 %) and was significantly higher for patients with N2-
N3 than NO-N1 disease (p < 0.001). No difference in CLNF rates was
reported by site within the oral cavity; however the authors acknowl-
edge that it was a study-level meta-analysis where studies were grouped
into those with more ‘lateralised’ and those with more ‘centralised’ tu-
mours. However because it was not a patient level meta-analysis, eval-
uation by each subsite within the oral cavity was not possible.

Studies that have attempted to look specifically at “lateralised” tu-
mours include a retrospective study from the Netherlands of 123 mostly
lateralised OCSCCs treated with surgery and radiotherapy to the pri-
mary +/- ipsilateral neck; in that study, the investigators defined lat-
eralised OCSCCs as being > 1 cm from the midline [109]. They reported
an overall CLNF rate of 6 %, which was higher in N2b vs NO-N2a disease
(p = 0.008) and in cases with ENE (borderline significance, p = 0.06).
Fifteen percent of patients in this study had oropharyngeal cancer and
27 % of OCSCC patients had oral tongue/floor of mouth cancers, making
definitive conclusions about the risk of CLNF in patients with truly lat-
eralised OCSCCs with N2b disease difficult. In a recent retrospective
study of 149 patients with more strictly defined lateralised OCSCCs,
including buccal/cheek, gum and retromolar subsites only, the overall
CLNF rate was 3.6 %, even though ~80 % of cases had locally advanced
T3-4 disease [110]. Patients with oral tongue and floor of mouth can-
cers, as well as patients with level Ia involvement and ENE in the ipsi-
lateral neck, were excluded. A proportion (20-30 %) of patients had also
undergone up-front elective neck dissection or radiotherapy to the
contralateral neck, which may have contributed to the low CLNF rate
reported in the study. However, it does suggest that advanced T category
is not in itself an indication for contralateral neck treatment in truly
lateralised OCSCCs.

A retrospective study of 208 patients from India with “well-lateral-
ised” OCSCC, defined as carcinomas of the buccal mucosa, gingiva and
retromolar trigone located > 1 cm from the midline, excluded cancers of
the oral tongue and floor of mouth [111]. All patients underwent
resection of the primary tumour and an ipsilateral neck dissection with
PORT, if indicated, to the ipsilateral neck only. Isolated contralateral
nodal failure (CLNF) occurred in 10 % of patients at a median follow-up
of 45 months, most commonly at level IB (62 %) followed by level II. On
multivariable analysis, presence of 2 or more positive ipsilateral nodes
was an independent prognostic factor for CLNR (p < 0.001), and the
authors suggest that elective treatment of the contralateral neck may be
considered in these patients.

In summary, the available data show a low rate of contralateral nodal
metastasis/failure rate in patients with NO-N1 disease, and in patients
with lateralised OCSCCs, even in the presence of more advanced local

Radiotherapy and Oncology 207 (2025) 110880

disease. Patients with oral tongue and floor of mouth cancers, particu-
larly patients with T3-T4 disease and N2-N3 disease, have a higher risk
of CLNF and treatment of the contralateral neck is generally
recommended.

Categorisation of OCSCCs into lateralised and non-lateralised (or
“midline/centralised””) tumours is recommended to aid decision-making
regarding the optimal treatment of the contralateral, clinically NO neck,
in patients with OCSCC. As previously mentioned, definition of a later-
alised tumour varies considerably in the literature, making comparison
between historical studies difficult. Categorisation should be done pre-
operatively, based on baseline clinical and radiological assessments,
and discussed by the multi-disciplinary team so that consensus is
reached about the need, or otherwise, for a contralateral neck dissection
at the time of surgery to the primary and ipsilateral neck. The surgeon,
radiation oncologist and other multi-disciplinary team members should
agree whether treatment of the contralateral neck is required at all and,
if so, whether neck dissection (+/- PORT based on histology) or radio-
therapy is the preferred option. Patients who have undergone contra-
lateral neck dissection and are pN + should be offered PORT according
to the same principles as the ipsilateral neck. In patients who have not
undergone contralateral neck dissection at the time of primary surgery,
tumour categorisation should be discussed again post-operatively by the
multi-disciplinary team, with the additional information gained from
surgery and the histology report regarding the extent of the primary
tumour and presence or absence of associated pathological risk factors
for loco-regional recurrence.

We propose the following standardised categorisation of OCSCCs
(see Fig. 1). This categorisation should be based on a comprehensive
evaluation of information obtained by imaging, intraoperative assess-
ment, and pre- and post-operative clinical examination.

Lateralised tumours

e Tumours arising in the buccal mucosa, retromolar trigone and upper
& lower alveolar ridges, providing there is > 10 mm clearance from
midline.

e T1 and some T2 tumours (UICC 8th ed.) arising on the lateral border
of the oral tongue, or laterally within the floor of mouth, providing
there is > 10 mm clearance from midline, and there is no involve-
ment of the anterior third/tip of the tongue and anterior floor of
mouth.

In these patients, the risk of contralateral neck recurrence is low and
does not justify the added toxicity associated with elective treatment of
the contralateral clinically NO neck in the majority of patients.

Some patients with lateralised OCSCCs who have undergone ipsi-
lateral neck dissection with multiple pathologically-positive nodes,
particularly nodes with ENE, may benefit from prophylactic radio-
therapy to the contralateral neck. In the absence of a clear evidence base
to guide decisions, involvement of the multi-disciplinary team and dis-
cussion with the patient is recommended.

Non-lateralised (or midline) tumours

e All tumours arising in the floor of mouth or oral tongue, apart from
some T1 and T2 tumours arising on the lateral border of the tongue
and lateral floor of mouth with > 10 mm clearance from midline.

o All tumours extending to within < 10 mm of the midline.

In these patients, the risk of contralateral neck recurrence is
comparatively high and does justify the added toxicity associated with
elective treatment of the contralateral clinically NO neck. Elective
contralateral neck dissection (+/- PORT based on histology) or, if neck
dissection is not performed, prophylactic radiotherapy to the
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Fig. 1. Categorisation into Lateralised and Non-Lateralised Oral Cavity Squa-
mous Cell Carcinomas (OCSCCs) Lateralised: low risk of contralateral neck
recurrence which does not justify the added toxicity of treating the contralat-
eral cNO neck* Non-lateralised: relatively high risk of contralateral neck
recurrence which does justify the added toxicity of treating the contralateral
cNO neck [*Possible exception: selected patients who have undergone ipsilat-
eral neck dissection and have multiple pN + nodes, especially with pENE].

contralateral neck is recommended.

Overall treatment package time (TPT)

The overall treatment package time from day of surgery to the last
day of radiotherapy should be as short as possible. Prolongation of the
TPT > 13 weeks [87] or > 87-100 days [112,113] reduces loco-regional
control and survival rates for HNSCC. Outcomes are better if combined
treatment is completed in < 11 weeks, intermediate if completed be-
tween 11 and 13 weeks, and significantly poorer if completed in > 13
weeks [87]. To achieve this, PORT should commence < 5 weeks and no
later than 7 weeks after surgery, unless there are post-operative com-
plications. If this interval between surgery and commencement of PORT
is prolonged it is itself associated with worse outcome in patients
receiving conventional fractionation [34,114] but it may be possible to
compensate for a longer interval between surgery and PORT by accel-
erated fractionation, delivering PORT over 5 weeks rather than 7 weeks
[87]. Although the available data are for PORT, and do not exist for
POCRT, similar recommendations regarding the TPT are given for
treatment with POCRT. Diagnostic re-staging is strongly recommended
in cases where there is a significant delay between surgery and
commencement of PORT to exclude an early recurrence.
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Defining the optimum post-operative RT dose

Data from a number of studies that have attempted to establish the
optimum dose of PORT for HNSCC have been variably interpreted,
resulting in considerable differences in clinical practice. The most
important study in this context was a prospective, randomised phase III
study designed to assess the dose response relationship for PORT in
patients with (predominantly) stage III-IV non-metastatic cancers of the
oral cavity, oropharynx, larynx or hypopharynx, results of which were
published in 1993 [34] and updated in 2017 [88]. Two hundred and
sixty one evaluable patients were randomly assigned to receive one of
three post-operative dose levels (57.6 Gy, 63 Gy or 68.3 Gy delivered at
1.8 Gy per fraction per day over 6.5, 7 and 7.5 weeks respectively) to the
primary site and involved neck. A lower dose of 52.2-54 Gy was initially
included but was dropped after the first interim analysis showed several
early recurrences. Preliminary results, after a median follow-up of 22
months, confirmed that patients who received a dose of < 54 Gy to the
primary site and involved neck had a significantly higher failure rate
than those receiving > 57.6 Gy (p = 0.02) [34]. No significant dose
response was demonstrated above 57.6 Gy, except for patients with ENE,
in whom recurrence rates appeared to be significantly higher at 57.6 Gy
than 63 Gy delivered at 1.8 Gy per fraction. Doses above 63 Gy did not
improve the therapeutic ratio and moderate to severe complications
were more frequent in patients who received > 63 Gy. The authors
recommended a minimum dose of 57.6 Gy to the operative bed, with a
dose of 63 Gy in 1.8 Gy fractions limited to sites at higher risk, partic-
ularly areas of ENE. Longer-term results from the same study [88], with
more than 20 years follow-up, showed no significant dose response at
doses > 57.6 Gy, in either the intermediate or high-risk groups, even in
patients with ENE. Overall TPT had a much more significant effect on
loco-regional and survival rates than radiotherapy dose, which is
consistent with the results of other studies [112]. The lack of a signifi-
cant dose-response relationship was postulated to be because the
beneficial effect on tumour control of doses > 57.6 Gy (in 32 fractions)
was offset by tumour cell repopulation occurring during the additional
time taken to deliver the higher doses at < 2 Gy per fraction [34]. Now
that 2 Gy per fraction is more commonly used for PORT, equivalent
doses (EQD3) of 56-60 Gy in 30 fractions over 6 weeks are typically
delivered to the primary and nodal tumour beds. It is important to clarify
that this study was conducted without concurrent chemotherapy, thus
the benefits (or otherwise) of dose escalation are uncertain in the context
of POCRT. Randomized studies of POCRT [91,92] allowed additional
boosting of high-risk areas to 66 Gy in 33 fractions, but this remains
optional in ongoing trials. For these guidelines, a post-operative EQDy
dose of 60-66 Gy is recommended in 30-33 fractions, with an elective or
prophylactic EQD, dose of 50 Gy in 25 fractions to uninvolved and
undissected nodal areas. The latter recommendation is based on his-
torical data showing that in combination with surgery, a dose equivalent
to 50 Gy in 25 fractions is sufficient to eradicate microscopic disease in
HNSCC in over 90 % of cases [115].

Preparing for adjuvant radiotherapy for oral cavity carcinoma

Optimal delineation of the post-operative Clinical Target Volume
(CTV) requires the collation of information from multiple sources,
particularly from the radiologist, operating surgeon, and pathologist.
This guideline group strongly recommends that the radiation oncologist
participates in the pre-operative, multi-disciplinary discussion about the
care of every patient with OCSCC so that agreed, risk-based decisions
can be made prior to surgery about the need to dissect the contralateral
neck, the type of reconstruction that will be carried out, and the need for
pre-radiotherapy dental extractions that may be undertaken at the time
of surgery. In the following sections, we focused on the information
required by the oncologist post-operatively to optimise CTV delineation.

Information required from the radiologist
Acquisition of pre-operative, CT and/or MRI cross-sectional imaging
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of the head and neck is crucial to enable MDT decision-making about
surgery and to aid delineation of the post-operative CTVs. The key in-
formation required from the radiologist is summarised in Table 3, and a
few issues are worth highlighting:

e Pre-operative evaluation of DOI on imaging for OCSCC is a contro-
versial issue. A meta-analysis of DOI in oral tongue SCC including 36
studies and > 3000 DOI measurements reported pooled correlation
coefficients between radiologic DOI (rDOI) and pathologic DOI
(pDOI) of 0.86 (95 % CI: 0.82-0.88) for MRI, 0.80 (95 % CL:
0.70-0.87) for CT and 0.89 (95 % CI: 0.82-0.94) for USS [116].
While tumours arising in the oral tongue may be relatively distant
from bone structures, even small lesions arising from other subsites
are close (buccal mucosa) or directly adjacent (alveolar ridge, floor
of mouth, retromolar trigone) to bone structures (alveolar process,
mandible, maxillary bone). Pre-operative imaging should aim to
report DOI from mucosa into soft tissues, and into the cortical rim
and medullary (or spongiform) bone. For mandibular invasion, it is
critical to differentiate the level of bone infiltration as it will affect
the surgical approach [117].

Local disease extent into neighbouring structures should be clearly
described. Locally advanced disease classified as T4b (AJCC/UICC
TNMS8) indicates a poor prognosis and suggests that the primary is
unresectable, although this is not always the case. The extent of
masticator space/infratemporal fossa invasion is important and T4b
tumours may be sub-divided into those that extend below the
mandibular notch (infra-notch), which carry a better prognosis vs
those that extend above it (supra-notch) that are associated with a
Worse prognosis.

Information required from the surgeon:

Detailed, first-hand information is required on: the clinical extent of
the tumour; the surgical procedure undertaken to resect the primary
tumour; management of the neck including whether sentinel node bi-
opsy was initially undertaken, and the type of neck dissection performed
according to the American Head and Neck Society (AHNS) Committee
for Neck Dissection [118]; the reconstruction performed (e.g. pedicu-
lated or free flap). This information is essential for optimal selection and
delineation of the post-operative target volumes. The key information
required from the surgeon/operative note is set out in Table 3.

Information required from the pathologist:

The post-operative histopathology report provides crucial informa-
tion about the presence or absence of risk factors for recurrence, both at
the primary site and in the neck. This information allows the multi-
disciplinary team to stratify patients into low-, intermediate- or high-
risk groups for recurrence, thus enabling recommendations to be made
about adjuvant treatment. The key information required from the
pathologist/histopathology report is set out in Table 3.

Decalcification of bony samples may take many weeks, thereby
delaying the final pathology report and presenting a challenge for post-
operative treatment planning. In these cases, an interim histopathology
report that includes details of soft tissue component can be helpful to
allow timely planning of radiotherapy. The final histopathology report
incorporating details of the bone resection specimen can then be issued
later.

Early recurrence after surgery:

A 15 % risk of early recurrence, defined as recurrence after surgical
resection before initiating planned PORT, has been reported in patients
with OSCC and portends a worse prognosis [119]. On multivariate
analysis oral tongue subsite, microscopic positive resection margin and
advanced stage (T3-4 N2-N3) were significantly associated with early
recurrence. Salvage radiotherapy in patients with early loco-regional
recurrence, but no distant metastases, results in a 3 year recurrence-
free rate of 36 % (95 % CL: 23-47 %). This required customised
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Table 3

Information required from the radiologist, surgeon, and pathologist to enable
post-operative CTV delineation for post-operative (chemo)-radiotherapy (PORT)
in oral cavity SCC.

Specific information required Source of information

Information required Description of primary tumour ~ Primary OCSCCs of the

pre-operatively to include: oral tongue and floor of
from the Description of nodal disease to ~ mouth are best
radiologist include: visualised on MRI

Presence/absence of
metastatic disease.
Additionally, for selected
patients (with suspected
disease and/or prolonged
interval between surgery and
adjuvant treatment):
o T category/tumour extent:
maximum dimension, depth

DOI is optimally
assessed on intra-oral
uUss

Gingivo-buccal cancers
require CT to detect
bone and soft tissue
invasion

Perineural Tumour
Spread (PNTS) is best
assessed on MRI

PET and/or FNA may
be needed to clarify
status of equivocal
nodes

CT Chest or PET-CT
scan to assess for
distant metastases.

of invasion (mm), invasion
of adjacent structures
including bone (informs
surgery and staging
classification) and
infratemporal fossa (informs
operability/prognosis).
Likely resectability (T4b
disease involving masticator
space, pterygoid plates, skull
base, and/or encasing
internal carotid artery
generally inoperable)
Evidence of Perineural
Tumour Spread (PNTS)
along the branches of the
trigeminal nerve

Distance of the primary
tumour from midline (to
inform laterality)

N category: size and
configuration (number and
level) of malignant nodes
Presence or absence of ENE
and/or matted nodes on
imaging

Presence or absence of
contralateral nodes on
imaging

Assessment of post-
operative imaging (planning
CT and/or additional scans)
for presence of residual dis-
ease, or early recurrence.
Description of surgical
procedure undertaken to
include:

Information required
post-operatively
from the surgeon

e Realistic assessment of
surgical intent (radical or
palliative)

Intra-operative findings

including tumour extent and

areas where margins may be
close due to extent of
tumour and/or anatomical
considerations

Clips inserted to mark the

tumour bed and/or close

margins; any additional

sections/biopsies taken e.g.

in areas of close margins

Type of reconstruction and

how it applies to the

orientation/position of the
tumour bed

Type of neck dissection(s)

carried out, including levels

resected and if ipsilateral

(continued on next page)
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Table 3 (continued)

Specific information required Source of information

and/or contralateral neck
dissection undertaken.
Whether sentinel node
biopsy (SNB) +/-
completion neck dissection
was initially undertaken.
Description of primary to

Information required

post-operatively include:

from the Description of nodal dissection
pathologist to include:

[35,36] e Histologic type of squamous

cell carcinoma

Tumour maximum
dimension (mm)

Grade (well, moderately,
poorly differentiated)
Depth of invasion (mm)
below the top of the adjacent
mucosa (not synonymous
with tumour thickness)
Presence/absence of bone
invasion and its extent:

erosive or infiltrative,
cortical or medullary bone
involvement
Presence/absence of
perineural invasion (PNI)
and if ahead of the
advancing front or not
Presence/absence of
lymphovascular invasion
(LVD)

Pattern of invasion/Worst
Pattern of Invasion (WPOI):
cohesive corresponding to
WPOI 1-3, non-cohesive/
WPOI 4, or widely
dispersed/WPOI 5

Margin status of all mucosal
and deep margins: clear (>5
mm), close (1-5 mm),
positive or involved (<1
mm).

Presence/absence of
dysplasia at the margins.
Lymph node yield

Number, size and levels of
lymph node metastases
Presence/absence of ENE
and extent of tumour
extension beyond the
capsule (in mm).

treatment planning with close review of the post-operative planning CT
scan to exclude early recurrence amenable to modified dose and volume
considerations to address detected gross disease compared to conven-
tional adjuvant radiotherapy. Additional diagnostic imaging with or
without selected biopsy should be requested if early recurrence is sus-
pected and/or in cases where the interval between surgery and start of
adjuvant treatment is prolonged.

Conclusion

Oral cavity squamous cell carcinoma (OCSCC) is typically managed
by surgery followed by post-operative radiotherapy, and thus being able
to delineate primary and nodal Clinical Target Volumes (CTVs) for
radiotherapy in this setting is an important element of head and neck
radiation/clinical oncologists’ practice. This manuscript sets the back-
ground evidence and context required to underpin the development of
consensus guidelines. This statement highlights the importance of
engagement with the multi-disciplinary team, and the key information
required from radiology, surgical, and pathology colleagues to guide
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decision-making in the adjuvant setting. The companion manuscript will
build on this information and set out new international consensus
guidelines for CTV delineation in the post-operative setting.
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