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Keywords: Intensity modulated radiation therapy and brachytherapy are standard techniques of irradiation for the
Radiotherapy treatment of oral cavity cancers. These techniques are detailed in terms of indication, planning, delin-
BraChytf}eraPY eation and selection of the volumes of interest, dosimetry and patients positioning control. This is an
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Neoplasm © 2021 Société francaise de radiothérapie oncologique (SFRO). Published by Elsevier Masson SAS. All
Cuidelines rights reserved.

French society of radiotherapy oncology

RESUME

Mots clés :

Radiothérapie
Curiethérapie
Cavité buccale

La radiothérapie conformationnelle avec modulation d’intensité et la curiethérapie font partie des tech-
niques d'irradiation de référence des cancers de la cavité buccale. Chaque technique est détaillée en
termes d'indication, de préparation, de délinéation et sélection des volumes, de dosimétrie et de con-
trole de position. Il s’agit de la mise a jour des recommandations de la Société francaise de radiothérapie

Cancer

Recommandations

Société frangaise de radiothérapie
oncologique

oncologique (« Recorad ») pour cette localisation anatomique des voies aérodigestives supérieures.
© 2021 Société francaise de radiothérapie oncologique (SFRO). Publié par Elsevier Masson SAS. Tous

droits réservés.

1. Introduction

The oral cavity consists of several substructures such as the lips,
the mobile tongue, the floor of the mouth, the hard palate, the gums
and the oral mucosa (inner aspect of the cheek). Oral cavity cancers
are primarily squamous cell carcinomas (95.3%). The average age
at time of diagnosis is 60.3 years in male patients and 64.1 years in
female patients (period 2000-2005). The main risk factors for lip
cancers are ultraviolet radiation and for other substructures, alco-
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hol use, tobacco, chronic trauma, a high nitrosamine diet, certain
industrial solvents, and betel nut chewing for the oral mucosa, seen
primarily in India. These cancers represent the 12t leading cause of
mortality worldwide in males and 16th place in females. Lip cancers
have an incidence of 0.74 per 100,000 in males and 0.17 in females.
This rate can be very high (7.6 to 8.6) in some countries, such as in
Spain or Australia, probably because of their abundant sunlight. For
other sub-structures, the incidence is 7.92 per 100,000 in males and
1.85 for females. It reaches 10.3 in India related to excessive betel
chewing. The probability of 5-year survival for all stages combined
is 88 to 96% for lip cancer and 33 to 53% for other structures [1,2].
In 2017, the Tumour Node Metastasis (TNM) classification was
changed for oral cavity cancers (Union for International Cancer
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Table 1

Classification of clinical primary tumours (cT) or postoperative pathological tumours
(pT) of oral cavity cancers and lip cancers (UICC 2017) (the size of the tumour is
measured in its largest dimension).

Stage Criteria

Tis Carcinoma in situ

T1 Tumour < 2 cm and infiltration in depth <5 mm

T2 Tumour <2 cm and infiltration in depth >5 and <10 mm
or tumour >2 cm and <4 cm and infiltration <10 mm

T3 Tumour >4 cm or infiltration in depth>10 mm

T4a

Oral cavity Tumour invading the cortical bone of the mandible or the
maxillary sinus or the skin?

Lip Tumour invading the cortical bone, the lower alveolar
nerve, the floor of the mouth or skin (chin or nose)?

T4b Tumour invading the masticatory space, the pterygoid

processes, the base of the skull or the area surrounding the
internal carotid artery

3 One superficial erosion alone of the alveolar bone is not sufficient to classify a
tumour as stage T4a.

Table 2

Classification of clinical regional adenopathies (cN) and post-operative pathological
adenopathies (pN) of cancers of the oral cavity and of the lip (UICC 2017) (size of
the adenopathy and measured in its largest dimension).

Stage Criteria
NO (c/p) No regional lymph node involvement
N1 (c/p) Single ipsilateral metastasis < 3 cm without extracapsular
spread
N2a
cN2a Single ipsilateral metastasis >3 cm or <6 cm, without
extracapsular spread
pN2a Single ipsilateral metastasis >3 cm or <6 cm, without
extracapsular spread or
Single ipsilateral metastasis <3 cm with extracapsular
spread
N2b (¢/p) Multiple ipsilateral metastases <6 cm without
extracapsular spread
N2c (c/p) Contralateral or bilateral metastases, <6 cm, without
extracapsular spread
N3a (c/p) Metastasis > 6 cm without extracapsular spread
N3b
cN3b Single or multiple metastases, with extracapsular spread
(indifferent size)
pN3b Single or multiple metastases, ipsi or contralateral(s),

>3 cm, with extracapsular spread

c: clinical; p: pathological. Infiltrated skin and/or deep fixation to the underlying
soft tissue and/or neural involvement corresponding to extracapsular spread of the
adenopathy.

Control [UICC] 8th version). The former criteria were saved such
as the greatest dimension of the tumour (<2 cm: T1; >2 cm and
<4 cm: T2; >4 cm: T3), extension to adjacent structures with
invasion of bony structures and of the maxillary sinus (T4a) and
involvement of the masticatory space, the pterygoid process, the
base of the skull or the sheath of the internal carotid artery (T4b).
Another criterion was added which corresponds to the depth
of tumour infiltration (<5 mm: T1; >5 mm and <10 mm: T2;
>10 mm: T3). Thus, a tumour of less than 2 cm in size (previously
classified as T1), but with a depth of more than 5 mm infiltration
becomes a T2 tumour, and if this infiltration is > 10 mm, it becomes
T3. For adenopathies, the new classification modifies the node (N)
stage in case of adenopathy with radiological criteria suggesting
extracapsular spread. Before any treatment, the existence of at least
one adenopathy with radiological signs of extracapsular spread
is classified as cN3b, whatever its size. Postoperatively, a single
adenopathy less than 3 cm in size with histologically demonstrated
extracapsular spread is classified as pN2a and in case of multiple
adenopathies with extracapsular spread, stage N becomes pN3b
[3]. The TNM UICC 2017 classification is shown in Tables 1, 2 and 3.
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Table 3
Classification according to stage of cancers of the oral cavity and of the lip.
Stage | T1/NO MO
Stage II T2/NO MO
Stage 11l T3/NO MO
T1-3/N1
Stage [Va T4a/NO-1 MO
T1-4a/N2a-2c
Stage IVb T1-4/N3a-3b MO
T4b/N1-3b
Stage IVc T1-4/NO-3b M1

Curative therapeutic management of non-metastatic cancers of
the oral cavity is based on surgery, radiotherapy (external beam
radiotherapy and brachytherapy) and medical systemic treat-
ments. The standard technique of external beam radiotherapy is
intensity-modulated radiation therapy (IMRT) [4]. Brachytherapy
can be delivered at a pulsed dose rate (PDR) or high dose rate (HDR)
[5]. For the last few years, the results obtained with IMRT in oral
cavity tumours have been documented [6-10]. We are proposing
an update of the radiotherapy reference for this tumour location
[11]in the setting of “Recommendations for the practice of external
beam radiotherapy and brachytherapy” (RecoRad™ 2.0).

2. Indications for external beam radiotherapy and
brachytherapy

The indications for external beam radiotherapy or brachyther-
apy for oral cavity cancers are determined at a multidisciplinary
team. Many criteria are taken into account in addition to char-
acteristics related to the patient such as age, overall condition
and comorbidity. This involves primarily the tumour location, the
TNM stage, the clinical presentation and tumour extension, CT-scan
imaging, magnetic resonance imaging (MRI) and postoperative
pathology criteria in case of initial surgery.

2.1. Indications according to stage

Conventionally, stages I-Il tumours (T1T2NO) are indications for
surgery [12,13]. Brachytherapy is an alternative option for super-
ficial tumours of the lip, the tongue, the floor of the mouth and
the oral mucosa. Postoperative external beam radiotherapy is indi-
cated in case of unfavourable pathological criteria (see paragraph
2.3). If there is an indication for irradiation of the surgical bed
without elective radiotherapy to the neck, it can be delivered by
postoperative brachytherapy in the absence of contra-indications.

In patients eligible for surgery with stages III-IV advanced
but non-metastatic cancer, surgery followed by external beam
radiotherapy is the reference treatment. Postoperative chemora-
diotherapy (cisplatin 100 mg/m? weeks 1,4 and 7) is reserved based
on histological examination (positive margin R1 (<1 mm) and/or
extracapsular spread) [14-17]. Weekly cisplatin (40 mg/m?2) is an
optionifa high dose is difficult to plan [ 18]. This option may become
a standard if results of the Japan Clinical Oncology Group (JCOG)
1008 phase III study are confirmed [19].

In patients who did not undergo surgery who have non-
metastatic cancer stage III-IV, concomitant chemoradiotherapy
(cisplatin 100 mg/m? weeks 1, 4 and 7) is the standard treatment
[20,21]. Combination with a targeted therapy (cetuximab) is an
alternative in case of a contra-indication to cisplatin [22,23].
In the absence of possible chemotherapy, radiotherapy alone
with altered fractionation is an alternative [24,25]. For bulky or
rapidly progressive tumours or in case of multiple adenopathies
or of bulky stage N3, induction chemotherapy (for example,
docetaxel, cisplatin and 5-fluoro-uracil [TPF regimen]) can be
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considered by a multidisciplinary team, followed by radiotherapy
or chemoradiotherapy with carboplatin or cetuximab [26-28].

2.2. Specific aspects of neck dissection for oral cavity cancers

Criteria for management of the neck in oral cavity cancers have
been published in 2018 at the congress of the American Society of
Clinical Oncology (ASCO) [18]. For patients with lateralised cancer
stage cT1NO, unilateral neck dissection is recommended. Absten-
tion from neck dissection and ultrasound monitoring of the neck at
close intervals is possible if the primary tumour is very superficial
or of small size (< 1 cm). Unilateral elective neck dissection should
be considered for other sites in stage cT2/4 disease. In patients with
a primary cancer of the tongue or of the floor of the mouth, neck dis-
section should be bilateral in case of a neck classified as cNO and a
tumour stage cT3/4 or if the primary cancer approaches the midline
or if the neck is classified as cN+ whatever the cT stage. In order to
be significant, a pathology examination of a nodal dissection spec-
imen should include at least 18 nodes per side. The “sentinel node”
technique, as an alternative to neck nodal dissection, has been val-
idated for cancers of the oral cavity stage NO and has received a
consensus [29].

2.3. Indications for postoperative radiotherapy and
brachytherapy

Unfavourable pathology criteria requiring adjuvant radiother-
apy are: the existence of disease extension in positive margin R1
(<1 mm), two or more positive nodes, a single positive node with
extracapsular spread, a node of size >3 cm, perineural infiltra-
tion, close margins or <5 mm, stages T3-T4 and the existence
of lymphovascular emboli [13,30-32]. The existence of a single
adenopathy without extracapsular spread and localised to the first
cervical node can lead to consider surveillance in the absence of
other unfavourable criteria. Cancers with positive frozen section
microscopic tumour (R1) cut-through revised to negative (R0O) carry
a higher risk of local recurrence in comparison to those which are
RO at the outset [33,34]. Surveillance can be discussed in a mul-
tidisciplinary team meeting of specialists in the absence of other
unfavourable criteria. For patients whose neck is classified as pNO,
but with a number of nodes examined of less than 18 per side, man-
agement of the neck area should be considered as insufficient and
can justify adjuvant radiotherapy [18]. Postoperative brachyther-
apy can be proposed when there is an indication to irradiate the
surgical bed without elective radiotherapy to the neck (stage pT1-
2NO0 tumours presenting solely with criteria of local recurrence) [5].
A study is ongoing to investigate stereotactic radiotherapy in this
situation [35]. The time between surgery and radiotherapy should
be as short as possible as soon as healing is obtained, with a max-
imum of six weeks and not exceed 11 to 14 weeks total between
date of surgery and end of radiotherapy [31,36-38]. The indications
and modalities for postoperative chemoradiotherapy are described
in paragraph 2.1.

3. External beam radiotherapy
3.1. Dental and nutritional management

For this location, as the result of systematic irradiation of the
oral cavity, the salivary glands and the mandible, dental precautions
prior to the start of irradiation are essential. Oral care interventions
should be performed (at least ten days prior to initiation of irradi-
ation for tooth extractions). It is also necessary to fabricate dental
dams containing fluoride gel for patients who have teeth. Such flu-
oridated prophylaxis starts at the end of irradiation or as soon as
healing of mucositis, and should be performed for life, 5 minutes per
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day, in order to limit the risk of dental caries. A nutritional assess-
ment is to be performed prior to start of treatment and prophylactic
gastrostomy tube placement is considered in case of concomitant
chemoradiotherapy [39].

3.2. Data analysis and clinical examination prior to delineation

Analysis of all documents and imaging is mandatory: an
endoscopy descriptive report, a diagram of the lesion (sometimes
with photographs), initial imaging reports (at least a CT-scan of
the head and neck and thorax with injection, magnetic resonance
imaging (MRI) and, for infiltrating tumours, positron emission
tomography (PET-CT-scan) after injection of ('8F)-fluoro-2-deoxy-
glucose, in particular for locally advanced tumours) [11,40]. The
time elapsed between date of conduct of these investigations and
date of preparation for radiotherapy should be taken into account
in order to adapt delineation.

The radiation oncologist should be able to analyse the imaging
available in order to assess exactly the tumour and nodal exten-
sion of the tumour and to detect a recurrence postoperatively. A
suspect adenopathy is defined by a CT-scan based on morphologi-
cal criteria: a transverse diameter (smallest diameter) > 10 mm (5
to 8 mm in the retropharyngeal space and 12 to 15 mm for the
upper jugular node or level 2), central necrosis, a round rather than
oval shape, loss of fatty material from the hilum, visible periph-
eral extensions evidencing an extracapsular spread and existence
of more than three nodes combined of size between 6 and 8 mm
[41].

Postoperatively, the pathology report should describe the size of
the tumour, its depth of infiltration in mm, the margin of resection
in mm (RO, R1 or R2), the existence of perineural and lymphatic
infiltration, the total number of nodes analysed (ideally at least 18
per side) [18], the number, size and topography of metastatic nodes
as well the existence of extracapsular spread.

Before starting delineation, the clinical examination should
include examination of the patient in order to identify superficial
extension of the tumour, difficult to observe in imaging and not fail
to recognise the occurrence of tumour extension in comparison
to the baseline examination. Postoperatively, the examination also
enables to verify the absence of a clinical recurrence and good heal-
ing (wound-healing failure, necrosis, denudation of the mandible,
site infection, and analysis of the position of the flap).

3.3. Dosimetric CT-scanning and immobilisation

Immobilisation is obtained by use of a thermoformed mask with
five points of attachment on a patient installed in supine position
with his/her arms alongside the body. An oral spacer can be used to
conserve more readily the upper lip and the hard palate for certain
locations (mobile tongue, floor of the mouth, lower lip). In order
to stabilise the spacer throughout the duration of irradiation, it is
preferable that it be configured in patients who are not totally eden-
tate due to the need for very precise repositioning. Postoperatively,
the identification of scars by a suture (copper or lead) can be use-
ful, in particular, in case of adenopathies with extracapsular spread.
Image acquisitions are performed using a dosimetric CT-scanner
with injection whenever possible with thin sections of less than
3 mm thickness. An algorithm for correction of artefacts related to
dental material can be applied in order to improve the accuracy of
the delineation.

3.4. Radiotherapy technique
The standard radiotherapy technique is IMRT. It can be deliv-

ered either with fixed arm angulation beams (generally five to
seven beams) or by a dynamic irradiation technique (volumetric
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Table 4

Definitive radiotherapy. Proposed regimens for doses, volumes and fractionations depending on type of intensity modulated radiation therapy and main reminders and key

points of radiotherapy.

Cancer/Radiothérapie 26 (2022) 189-198

CTV-1
High risk

CTV-2
Low risk

CTV-3
Intermediate risk (option) (should be
contained in CTV-2)

Sequential IMRT
IMRT with SIB

Delineation of CTVs-P

Delineation of CTVs-N

70Gy/35 fractions
70Gy/35 fractions
70 Gy/33 fractions
GTV-P+5mm

GTV-N+10mm
(GTV-N+5mm in case of a node<3cm

50 Gy/25 fractions

56 Gy/35 fractions

54 Gy/33 fractions

GTV-P+10mm with extension to be
discussed according to compartments
and areas of infiltration (consensus
references 2018 and Gortec 2005),
pathway of extrinsic muscles of the
tongue if infiltrated, of nerves if
infiltrated

Selection of nodal levels at risk
according to references (Table 5)

/

63 Gy/35 fractions

59.4 Gy/33 fractions

Depending on dose to organs at risk

Margin around CTV-P1 (5-10 mm) to
be adapted according to anatomical

barriers

In case of doubtful node (sum total of
orthogonal diameters > 17 mm):

and absence of doubt in imaging to be
discussed)

node +10 mm
Or nodal level corresponding to GTV-N

CTV: clinical target volume; GTV: gross tumour volume; IMRT: intensity-modulated radiotherapy; SIB: simultaneous integrated boost; N: node; P: primary tumour; Gortec:
Groupe d'oncologie radiothérapie téte et cou (head and neck oncology and radiotherapy group). Reminder of CT-scan morphological criteria of suspect neck adenopathies:
transverse diameter >10 mm (5 to 8 mm in retropharyngeal level (level VIIb) and 12-15 mm in level II), central necrosis, rounded rather than an oval shape, loss of fatty
substance from the hilum, visible peripheral extensions evidencing an extra-capsular spread and existence of more than three nodes combined of size between 6 and 8 mm.
Key points: maximum protection of the mandible and of the lips (apart from PTV). Taking into account of time between MRI diagnostic imaging repositioned and dosimetric

CT-scanning (if >4 weeks, consider a larger GTV depending on the clinical examination).

modulated arc therapy [VMAT]) with one or more arcs (generally
two). Helical radiotherapy can also be used. Generally, rotational
techniques enable to obtain a more advantageous dose distribu-
tion with higher dose gradients while reducing irradiation time
compared to fixed beam IMRT. Two modalities for dose delivery
exist: two-stage sequential normofractionated irradiation and
single-phase irradiation known as irradiation with a simulta-
neous integrated boost (IMRT-SIB) which can sometimes have
an advantage with slight acceleration of treatment. The main
advantage of IMRT-SIB consists of a reduction in the number of
very time consuming planning. Three-dimensional conformational
radiotherapy should be abandoned apart from exceptional cases
(for example haemostatic palliative care emergency).

3.5. Control of position by imaging during radiotherapy sessions

The quality of the patient’s position should be verified either
by two-dimensional (2D) orthogonal planar imaging with bone
repositioning, or by three-dimensional (3D) volume imaging by
cone beam computed tomography (low energy, kV-CBCT, or high
energy, MV-CBCT) which enables visualisation of bone structures,
but also of soft tissue. Currently, it is difficult to recommend use
of one modality compared to another. However, the use of three-
dimensional imaging sometimes makes it possible to verify the
absence of major anatomical changes which may have an important
impact on distribution of the theoretical dose. In all cases, training
of staffis necessary. Guidance by daily imaging prior to each session
is preferable [11,40].

3.6. Doses and delineation of target volumes

It is recommended to establish a programme of delineation
specifying the different target volumes chosen and the dose levels
which will be prescribed, as well as the organs at risk and their dose
constraints. These choices should be based on available references
and publications [30,40,42-47]. For target volumes, gross tumour
volumes (GTVs) are defined (for unresected tumour), clinical tar-
get volumes (CTVs) and planning target volumes (PTVs). Organs at
risk are also delineated and for some of them, a planning organ at
risk volume (PRV) can be generated (so-called “serial” organs at
risk and “parallel” small organs). In order to improve delineation

of GTVs, image fusion with diagnostic imaging or with dosimetric
imaging can be useful (MRI, CT-scan, or PET-scan which tends to
be reserved for stage T3-4 tumours due to lack of spatial resolution
for T1-2 tumours).

Two categories of CTVs are defined. High risk CTV (CTV1) cor-
responding to a primary tumour or the postoperative tumour bed
(CTV-P1) and to the adenopathies or their surgical bed after neck
dissection (CTV-N1). The second CTV is low-risk CTV treating per-
itumoural microscopic disease (CTV-P2) and microscopic nodal
disease (CTV-N2). For the IMRT-SIB technique, a third so-called
intermediate risk CTV can be proposed (CTV3). Intermediate CTV3
includes the area adjacent to the tumour or that of an adenopa-
thy (corresponding level) and should be included in the low-risk
CTV.Individualisation of CTV with intermediate risk is controversial
because it has not demonstrated evidence of its oncological utility
and can lead to an increase in the radiotherapy dose delivered to
healthy tissue. [11,44].

Postoperatively, in addition to CTV1 and 2, a volume at very
high risk has been determined empirically that can receive a higher
dose and which corresponds to the area of slices in the section
involved R1 (CTV-P/R1) and/or a surgical bed of adenopathies with
extracapsular spread (CTV-N/CR1).

3.6.1. Definitive radiotherapy

3.6.1.1. Doses and fractionation. Several regimens are used
[11,12,40,44]. CTV1 receives a dose of 70 Gy in 33 to 35 fractions (2
to 2.12 Gy per fraction). CTV2 receives a dose of 54 Gy (33 fractions
of 1.64 Gy) to 56 Gy (35 fractions of 1.6 Gy). When delineated,
the dose to be delivered in CTV3 ranges from 59.4 to 63 Gy in
33 to 35 fractions of 1.8 Gy. More accelerated regimens without
chemotherapy are used more rarely (66 Gy in 30 fractions during
six weeks (T1T2) or 70Gy in 35 fractions with six sessions per
week [25]). In sequential regimens, the dose is 50 Gy in 25 fractions
in CTV1 and CTV2 followed by an additional dose of 20 Gy in CTV1.
The different regimens are summarised in Table 4.

3.6.1.2. Delineation of GTV-P and N. GTV-P corresponds to a gross
tumour visible in different imagings supplemented by a clinical
examination. MRI is recommended for this location, in particular,
for infiltrating tumours. In case of doubt related to non-optimal
situations (clinical examination difficult to perform, unsatisfactory
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imaging because of a patient allergic to contrast medium or an
artefact, time between MRI diagnostic imaging and dosimetric CT-
scanning of more than four weeks), it is preferable to enlarge the
GTV.

For GTV-N, use of radiological criteria of malignancy mentioned
in paragraph 3.2 are used (Table 4).

In cases of radiotherapy after induction chemotherapy, if the
tumour has shrunk, GTVs will be delineated, taking into account
gross tumour and nodal volumes delineated prior to chemotherapy,
by including structures or regions initially affected [48].

3.6.1.3. Delineation of CTV-P1 and N1 (high risk). For the primary
tumour, CTV-P1 includes GTV-P with a margin corresponding to
immediate peri-tumoural extensions. This margin is 5mm and
should comply with anatomical barriers (bone in absence of infil-
tration) and exclude air. CTV-P1 is contained in CTV-P2 [40].

For adenopathies, CTV-N1 consists of GTV-N with a margin cor-
responding to the risk of extracapsular extension. This margin is
10 mm which can be reduced to 5 mm, in particular, in case of a
smaller adenopathy (<3 cm) and absence of doubt on the imaging.
This margin should comply with anatomical barriers (bone) and
exclude air [44].

3.6.1.4. Delineation of CTV-P2 (low-risk peritumoural extension).
CTV-P2 corresponds to the region around GTV-P containing
microscopic sub-clinical pathways of extension. These pathways
correspond to the natural history of cancer and vary depending on
anatomical barriers (fascia, bone), areas of preferential diffusion
(fat, blood vessels, muscle fibres, nerves) and anatomical spaces
and compartments. In order to obtain CTV-P2, an international con-
sensus proposes a geometric approach which consists of adding a
10 mm uniform margin around the GTV-P (rule of 5+5 mm of the
Danish Head and Neck Cancer Study Group [DAHANCA]) and then
of reducing this automatic extension to exclude anatomical barriers
(bone and fascia) and air. Strict application of the geometric method
should be qualified in non-ideal situations (difficulty in perform-
ing the clinical examination, time greater than four weeks between
diagnostic laboratory tests and dosimetric CT-scanning, artefacts,
doubt in terms of tumour extension, location not described in a
consensus). Most often, it is necessary to supplement this volume
by the traditional anatomical method by widening the CTV-P2 to
spaces and compartments with risk of contiguity, by use of a refer-
ence document on structures to include in oral cavity cancer. The
2005 reference document from the head and neck oncology and
radiotherapy group (Gortec) on cancer of the oral cavity can be used
[46]. Infiltration along nerves can be considered in case of gross or
clinical involvement or based on the histology [49].

3.6.1.5. Delineation of CTV-N2 (low-risk nodal areas). Delineation of
CTV-N2 involves the notion of nodal levels. Rules on delineation of
levelsIto X have been published [42]. Selection of nodal levels to be
treated depends on their risk of involvement which is itself related
to the location of the primary tumour, its lateral presentation and
its local extension (stage T) as well as the nodal stage (stage N) and
the topography of adenopathies. Proposals for selection of nodal
volumes to treat for the primary tumour sub-locations are sum-
marised in Table 5. They should be adapted on a case-to-case basis
[43-45,47].

3.6.1.6. Delineation of CTV-3 (intermediate risk). Individualisation
of CTV with intermediate risk is optional. This volume is included in
CTV-2.The concept of CTV with intermediate risk is based on appli-
cation of a safety margin around a high-risk CTV to cover an area of
infiltration of subclinical disease in a higher quantity and requiring
a higher dose to be delivered to the low-risk volume. The CTV-N3
can correspond to the nodal level of an invaded adenopathy. It can
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also be delineated around a node with a smaller size than that of
a suspect adenopathy, but sufficient to create a significant risk of
nodal recurrence, if a low-risk prophylactic dose is delivered to this
level. This has been described when the total of the two orthogonal
diameters of alymph node at the limit of being pathological is more
than 17 mm [49]. Regarding generation of a CTV-P3, this exposes
to a risk of increasing the dose delivered to adjacent organs at risk
(constrictor muscles of the pharynx, mandible, healthy area of the
oral cavity) and the benefit/risk ratio for the patient should be taken
into account.

3.6.2. Postoperative radiotherapy

3.6.2.1. Doses and fractionation. A randomised trial studied the
dose to be delivered in the postoperative context. Results have
made it possible to determine that it is necessary to deliver to
the tumour site of the primary tumour, that is, the surgical bed
(CTV-P1), a higher dose of 54 Gy (1.8 Gy per fraction), whatever
the pathological criteria [31,50,51]. Excluding situations of surgical
excision with positive margins (R1), doses of 57.6 and 63 Gy (1.8 Gy
per fraction) produced identical results. For low risk neck areas
(CTV-N2), the dose of 54 Gy (1.8 Gy per fraction) produced results
identical to those with 57.6 Gy. For high-risk neck areas (CTV-N1),
results were identical between 57.6 and 63 Gy and an increase in
dose of 63 Gy did not provide any improvement. In very high risk
cases, i.e. positive margins (R1), nodes involved with extracapsu-
lar spread (CR1), there was no difference between 63 and 68.4 Gy
(1.8 Gy per fraction) [31,50,51]. Other studies have defined empir-
ically a recommendation of 60 to 66 Gy in 30 to 33 fractions for
volumes with very high risk [14-17].

Considering these results, it is possible to propose a dose of
60 Gy in 30 to 33 sessions on level of CTV-P1 and N1 (high risk)
and 54 Gy in 30 to 33 sessions (equivalent to 50 Gy in 25 sessions)
atlevel of CTV-P2 and N2 (low risk)[12,30]. It is possible to increase
the dose to volumes with very high risk (positive margins or CTV-
P/R1 and/or adenopathy with extracapsular spread or CTV-N/CR1)
toordertoreach adose of 66 Gy in 33 sessions (or equivalent). These
volumes should be limited to anatomical areas considered as at very
high risk of recurrence (positive margins, surgical bed of excision of
the adenopathy with extracapsular spread). The different regimens
are summarised in Table 6.

3.6.2.2. Steps prior to delineation of postoperative CTVs. Definition of
these volumes is difficult because of a change in the anatomy, loss
of substance, flap placement, possible lymphoedema, lymphocele
or haematomas and deformities of structure (remaining movable
half tongue, half mandible, etc.). This makes a geometric approach
of delineation for CTV-P impossible such as the one described in
the consensus for primary tumours [40]. For delineation of CTVs,
reinstallation of pre-operative GTV-P and N with repositioning of
preoperative MRI and CT-scanning in dosimetric imaging is the
prior step. Use of the diagram, the endoscopic description and the
pathology report make it possible to supplement this step. If the
time elapsed between surgery and pre-operative imaging is more
than four weeks, it will be preferable to enlarge these volumes [30].

3.6.2.3. Delineation of CTV-P1 (high-risk tumoural surgical bed).
CTV-P1 corresponds to pre-operative GTV-P with a margin of 10 to
15 mm [30]. This margin can be extended to 20 mm [52]. Another
approach consists of adding a 10 mm margin around the surgical
bed [52]. The limits of CTV should be adjusted to anatomical barri-
ers if they are not infiltrated (bone, fascia, etc.) while excluding air
[30,52].

In the presence of flaps, the region the most at risk of recurrence
is the junction area between the flap and the native tissue opposite
the initial primary tumour site. This area should be included in the
high-risk CTV. Nevertheless, thickness of the flap to include remains
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Table 5
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Definitive and postoperative radiotherapy. Selection of nodal levels of oral cavity cancers for obtainment of CTV-N2 with low risk (for the retromolar trigone or the inter-
maxillary commissure, the levels selected correspond to levels of the anterior pillar (or the soft palate) to which are added levels of the posterior part of the inner of the

cheek).

Primary tumour Stage N

Levels to be included in CTV-N2

Mobile tongue NO-NT1 (in level 1-2-3)

N2-N3

Floor of mouth NO-N1 (in level 1-2)

N2-N3
NO-NT1 (in level 1-2)
N2-N3

Buccal mucosa

Lower gum NO-NT1 (in level 1-2)

Ipsilateral®

I-I-II-1Va

I-II-MI-IVa“-Vab
I-11-111

[-II-11I-IVa“-Vab
[-II-TI-1X
I-II-111-IVad-Vab-I1X

[-I-T-IXT

Contralateral®(absence of adenopathy in contralateral
neck)

No contralateral irradiation if T1-2 and > 1 cm from the
midline

[-II2-11I-IVa if T3-4 or N+ or T1-2 and absence of
dissection and <1 cm from the midline or lymph node
dissection N- with less than 18 nodes

[-1I-1I-IVa-Vab®

No contralateral irradiation if T1-2 and > 1 cm from the
midline

[-II°-1IT if T3-4 or N+ or T1-2 and absence of dissection
and <1 cm from the midline or lymph node dissection
N- with less than 18 nodes

[-1I-1I-IVa-Vab®

No contralateral irradiation

No contralateral irradiation

[-II-1lI-IVa-Vab¢ if adenopathy > 6 cm

No contralateral irradiation if T1-2 and > 1 cm from the

N2-N3 I-I-11I-1Va“-Vab-IX*

Upper gumHard palate

N2-N3 [-II-1I-1Va‘-Vab-IX

NO-N1 (in level 1-2) Ib-II-TTI-IX

midline

[-II°-1IT if T3-4 or if < 1 cm from the midline and no
nodal dissection or nodal dissection N- with less than
18 nodes

No contralateral irradiation if T1-2 and > 1 cm from the
midline

[-II°-1IT if < 1 cm from the midline and no nodal
dissection or nodal dissection N- with less than 18
nodes

[-1I°-I1I-IVa-Vabe¢ if adenopathy > 6 cm

No contralateral irradiation if T1-2 and > 1 cm from the
midline

[-II°-1IT if T3-4 or T1-2 and < 1 cm from the midline and
no nodal dissection or nodal dissection N- with less
than 18 nodes

No contralateral irradiation if upper gum and T1T2

>1 cm from the midline

[-IIP-11I-IVa-Vab¢-IX if hard palate or if upper gum and
T3T4 or upper gum T1-2 and <1 cm from the midline
and no nodal dissection or nodal dissection N- with
less than 18 nodes

CTV: clinical target volume; N: node. In patients with primary cancer of the tongue or of the floor of the mouth, nodal dissection should be bilateral in case of neck cNO and
tumour stage cT3/4 or if the primary tumour approaches the midline (<1 cm) or in case of neck cN+ whatever the cT stage.
In presence of an adenopathy in the contralateral neck (N2c), levels to be treated are identical to the homolateral level.

a

b Level IIb can be omitted.

¢ If adenopathy >3 cm in level I, consider level VIIb.
d Level IVb included if involvement of level Iva.

¢ Level Vab can be omitted if involvement solely from level I and II in homolateral neck.

f Lower part of level IX (facial pedicle).

to be defined [52]. Schematically, a thickness of 5 mm (10 mm in
case of an insufficient margin) of a flap opposite the initial tumour
site can be included in the high-risk CTV [52].

To reduce the dose delivered to a voluminous flap, some authors
propose to create a flap planning organ at risk volume (“flap PRV"),
corresponding to the body of the flap decreased by a margin of
6 mm [53]. Recommendations define the methods of delineation of
the main flaps in a post-operative context (pectoralis major muscle,
musculomucosal facial artery, forearm free flap, anterolateral thigh
free flap, free flap of the scapula and free flap of the fibula). Each flap
is divided into two parts with its arteriovenous pedicle and the body
of the flap [55]. This could subsequently enable dose adjustment in
certain risk situations [54]. While awaiting results of future studies,
ajoint meeting with the surgeon can be useful in difficult situations.

Perineural infiltration of squamous cell carcinomas of the oral
cavity most often are local microscopic areas of involvement which
remain intratumoural. They are part of unfavourable criteria which
carry an indication for post-operative radiotherapy. Nevertheless,
apart from cystic adenoid carcinomas, prophylactic irradiation of
pathways of tumour extension along nerves up to the base of the

skull is not systematic. It can be justified in case of a voluminous
tumour (T3T4) or clinical gross infiltration and in imaging. In this
case, this volume tends to be treated in the CTV-P2. An atlas of
delineation is proposed [49,52].

In case of invasion of muscle, the invaded muscle should
undergo wide treatment opposite the area of invasion, but not
necessarily up to its origin [52].

3.6.2.4. Delineation of CTV-N1 (high-risk nodal areas). CTV-N1 cor-
responds to pre-operative GTV-N with a 10 mm margin. CTV-N1
should be applied to all affected nodes in the pathology report,
taking into account the surgical report and the preoperative imag-
ing. The margin is applied by maintaining this extension within
anatomical limits of the nodal level corresponding to the adenopa-
thy [30,52]. When the node is in contact with a muscle, the CTV-N1
includes the muscle opposite the adenopathy. Fluid collections such
as lymphoceles should also be included in CTV-N1 [30,43].

3.6.2.5. Delineation of CTV-P2 and N2 (low risk). CTV-P2 corre-
sponds to a peritumoural volume at risk not treated with surgery
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Table 6

Cancer/Radiothérapie 26 (2022) 189-198

Postoperative radiotherapy. Proposed regimens for doses, volumes and fractionations depending on type of intensity modulated radiation therapy and main reminders and

key points of postoperative radiotherapy.

Postoperative location CTV-P/R1 and CTV-N/CR1

Very high risk

CTV-1
High risk

CTV-2
Low risk

Sequential IMRT
IMRT with SIB

66 Gy/33 fractions

66 Gy/33 fractions

60 to 63.6 Gy/30 fractions

Positive margin (R1)

Preoperative surgical bed of GTV-P
R1+5mm (to be adjusted to the
pathology and surgical report)

Delineation of CTVs-P

60 Gy/30 fractions

59.4 to 60 Gy/33 fractions

60 Gy/30 fractions

GTV-P+10 to 20 mm or surgical bed of
GTV-P+10 mm

If flap: area of 5 to 10 mm depending
on margin(6 mm of flap depending on

50 Gy/25 fractions

54 Gy/33 fractions

54 Gy/30 fractions

Extensions around CTV-P1 to be
discussed depending on compartment
an infiltration according to location
(reference Gortec 2005), pathway of

size is possible).

Delineation of CTVs-N Adenopathy with extracapsular spread
Surgical bed of GTV-N+10 mm with
perinodal region or nodal level
involved in case of difficulty in
identification.

Surgical bed of GTV-N+10 mm or
(RC1) complete level N+ without CR; Include
lymphoceles, haematoma, the
muscular part in contact with the
adenopathy and the pathway of the
scar opposite N+

nerve in case of infiltration, pathway of
extrinsic muscles of the tongue and if
at risk

Selection of nodal levels at risk
depending on reference

Include pathway of the scar opposite
level chosen

CTV: clinical target volume; GTV: gross tumour volume; IMRT: intensity-modulated radiotherapy; SIB: simultaneous integrated boost; N: node; P: primary tumour;
Gortec: Groupe d’oncologie et radiothérapie téte et cou (head and neck oncology and radiotherapy group). R1: positive margins or <1 mm; N+: positive adenopathy;
CR1: extracapsular spread or capsular rupture+. Reminder of criteria leading to consider postoperative radiotherapy: positive margins (R1), number of N+ > 2, 1 N+ with
extracapsular spread +(CR1), N+ size >3 cm, perineural invasion, close margin <5 mm, stages T3-T4, lymphovascular emboli (optional: 1N+ without extracapsular spread
in absence of other criteria; RO margins obtained after resection of margin R1 in absence of other criteria). Key points: Neck pNO after nodal dissection should include the
number of nodes examined > 18 (on each side). The time between surgery and radiotherapy should be <6 weeks and the total time day of surgery-end of radiotherapy <11
to 14 weeks. Taking into account time between repositioned diagnostic imaging and date of surgery (if >4 weeks, consider a larger GTV depending on pathology data and
the surgical report). Indications for postoperative chemoradiotherapy (cisplatin): margins R1 and/or N+ with CR1. Maximum protection of the mandible, bony free flaps and

of lips (except PTV).

beyond CTV-P1. The use of the Gortec 2005 anatomical reference
defining spaces and compartments at risk of contiguity in oral cav-
ity cancers makes it possible to delineate it [46]. For tumours of the
mobile tongue or the floor of the mouth, the extrinsic muscles of
the tongue in contact with the tumour with risk of infiltration by
the tumour should be included in their totality. The pathways of
nerves can be discussed in case of perineural infiltration [49].

CTV-N2 corresponds to nodal levels not affected in terms of
pathological description but considered at risk of residual micro-
scopic infiltration. Rules on delineation of nodal levels are based
on a reference already mentioned in chapter CTV-N2 for tumour
sites [42]. Postoperatively, it is recommended to extend CTV-N2
to the subcutaneous area in contact with the surgical dissection
scar opposite the affected adenopathies, in particular, those with
extracapsular spread. The identification of scars can be facilitated
by placement of a metallic suture during dosimetric CT-scanning.
Selection of nodal levels to be included in CTV-N2 is based on the
same proposals as those stated for tumour sites previously specified
(Table 5) [30,43,45,47].

3.6.2.6. Delineation of CTV with very high risk (positive margins CTV-
P/R1 or nodes with extracapsular spread CTV-N/CR1). For positive
margins, CTV-P/R1 includes the per-tumoural bed around the pre-
operative GTV-P where the slice(s) of section(s) affected are located.
A 5mm extension around GTV-P adapted to the new anatomy can
be proposed. The pathology report, preoperative imaging and the
surgical report make it possible to supplement this volume. A col-
laborative discussion with the surgeon can be necessary in order
to clarify these limits. It should be as limited as possible in order to
minimise toxicity [30]. It can also involve the junction between the
flap and the native tissue of contact.

For adenopathies with extracapsular spread, CTV-N/CR1 cor-
responds to the surgical bed of the adenopathy located by
preoperative imaging [43]. An extension of 5 to 10 mm around the
preoperative GTV-N facilitates positioning [52]. Infiltrated anatom-
ical structures around an adenopathy should be included. In case of
difficulty in locating these areas, the level opposite the adenopathy
can be delineated.

3.7. Delineation of PTVs

This involves the volume in which the dose should be prescribed.
It takes into account the uncertainties of the position and of posi-
tioning, the patient’s movements and movements of the organ.
Considering the efficacy of systems of immobilisation and use of
daily image-guided radiotherapy, a 3 to 5 mm margin usually is
added to the CTVs in order to obtain the corresponding PTVs.

3.8. Organs at risk and PRV

Delineation of organs at risk and dose constraints to be complied
with do not have specificity for oral cavity cancers in comparison
to other upper aerodigestive tract cancers. These constraints are to
be complied with as strictly as possible and in case of combination
with concomitant chemotherapy, it is necessary to make certain to
limit the dose to the lowest possible dose [56,57]. Special attention
should be paid to the oral cavity, the mandible and the lips when
these structures are outside of the PTV.

4. Brachytherapy
4.1. Indication for brachytherapy

Brachytherapy for oral cavity cancers can be performed in super-
ficial tumours less than 5cm in size. It is used for tumour stages
T1-T2 NO and can be performed as a local boost after a first external
beam radiotherapy for more advanced tumours. A two-week time
interval is to be complied with between the first phase of external
beam radiotherapy and the localised addition boost of brachyther-
apy. As the result of improvements in surgery, primarily by using
the flap technique, improving functional results, the indications for
brachytherapy have been progressively reduced. Furthermore, the
conduct of elective neck dissection, in the same surgical time as
removal of the primary tumour, enables lymph node exploration
in order to adjust adjuvant therapy in case of a positive node.
Nevertheless, brachytherapy continues to be preferred in tumour
lesions for which surgical management would result in difficult
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Table 7
Dose regimens and brachytherapy fractionations depending on dose rate used and clinical situation (definitive or post-operative brachytherapy) and main key points of
brachytherapy.
Definitive Postoperative
RO (close margin) R1
Pulsed rate brachytherapy
Exclusive 65-70 Gy 50-55Gy 60 Gy

After first time radiotherapy 35-40 Gy (radiation dose: 40 Gy)

High dose rate brachytherapy (2 fractions per day with > 6 hours intervals)

Exclusive 45-552 Gy (4.5-5.5 Gy/fraction)

After first time radiotherapy 18-21 Gy (3 Gy/fraction; (radiation
dose: 40-50 Gy)

10-15 Gy (radiation dose: 50 Gy) 15-20 Gy (radiation dose: 50 Gy)
32-36 Gy (4 Gy/fraction)

16-20 Gy (4 Gy/fraction; radiation
dose: 45Gy)

36-40 Gy (4 Gy/fraction)
20-24 Gy (4 Gy/fraction; radiation
dose: 45 Gy)

a: for the tongue only. Key points: Possible indications: Superficial tumour <5 cm. Systematic wearing of a leaded protection of the mandible or a spacer depending on case.
Postoperative interval <6 weeks in case of postoperative brachytherapy. Time between brachytherapy and end of external radiotherapy <2 weeks. Contra-indications to
brachytherapy: tumour less than 5 mm from the gum or retromolar trigon (or intermaxillary commissure), involvement of the hard palate.

functional sequelae such as lip cancers. Post-operatively, the
traditional indication for brachytherapy is based on existence of
unfavourable histopathological criteria exposing the patient to the
risk of a local recurrence with no indication for elective irradiation
of the neck. The time between surgery and brachytherapy should
be at least 6 weeks if possible. Contraindications to brachytherapy
for oral cavity cancers are tumours located less than 5 mm from the
gum, impossibility to install a leaded protection of the mandible,
involvement of the hard palate and infiltration of the intermaxil-
lary commissure or the retromolar trigone. The check-up required
to determine the indication for brachytherapy are identical to
those necessary for planning of radiotherapy [5,58-60].

4.2. Implantation techniques

Before brachytherapy of the oral cavity, restoration of the
patient’s dentition is essential. In order to minimise the risk of
radionecrosis related to proximity of the radioactive source to the
mandible during treatment, a leaded protection of the mandible is
produced with a radiotransparent resin copy in order to perform
CT-scan dosimetry.

Needles and then catheters are inserted under general anaes-
thesia (or local anaesthesia for the lip) in the tumour and/or its
periphery (2 to5 mm)in conformity with guidelines of the Paris sys-
tem (parallelism and equidistance between the needles or flexible
catheters, with 10 to 15 mm optimal spacing) in order to obtain cov-
erage of the planned target volume and optimum dose distribution.
For the lips, use of needles without flexible catheters is the usual
technique. After a first external beam radiotherapy, the implanted
volume corresponds to the initial volume prior to irradiation. Post-
operatively, the needles or catheters are inserted on either side of
the scar, most often at a distance of 5 mm They are spaced apart
by 10 to 12 mm, with the thickness of target volume being 10 to
20 mm [5,58-60].

4.3. Techniques of brachytherapy depending on dose rate

Currently, two techniques are used in routine practice. The
pulsed dose rate or high dose rate techniques. For the two tech-
niques, the method of implementation is identical. These two
techniques use iridium-192 sources with different activities. These
sources are delivered to the patient from a lead-lined container
with connected catheters (source projectors). For PDR brachyther-
apy, the patient is managed during complete hospitalisation in a
room equipped with radioprotection standards, located in a “pro-
tected” ward. 24-hour treatments are to be preferred insofar as
possible, in comparison to 12-hour treatments, at arate of one pulse
every hour with prescription of an optimum rate of 0.5 Gy/h (0.3
to 0.7). For HDR brachytherapy, the patient can be hospitalised in a
conventional ward and he/she undergoes sessions in the high-dose

rate brachytherapy room (usually two fractions a day separated
by more than six hours). The duration of hospital stay ranges from
two to five days depending on dose delivered. Throughout duration
of hospital stay (PDR) or solely during sessions (HDR), the needles
or catheters implanted in the patient are connected to the source
projector. The wearing of a leaded protection of the mandible (or
sometimes, of a spacer depending on location of the target volume
post-operatively) is systematic throughout the duration of treat-
ment for PDR brachytherapy with possibility of one-time removal
between two pulses during the day. For HDR brachytherapy, the
wearing of a leaded protection of the mandible is used solely during
the sessions [5,58].

4.4. Dosimetric and planimetric CT-scanning

Dosimetric planning CT-scan without injection of contrast
medium with serial sections less than 3 mm in thickness is per-
formed after implantation with placement of graduated markers in
the catheters or the needles. The target volumes and organs are risk
are delineated. The gross tumour volume is defined by the initial
tumour located clinically and in the imaging assisted by position of
the catheters. The clinical target volume corresponds to the gross
tumour volume, increased by a margin of 5 mm. In a postoperative
context, the clinical target volume is defined directly based on the
scar and generally measures 10 to 20 mm in thickness. The plan-
ning target volume corresponds to the clinical target volume. The
dummy sources are located in the CT-scan image and the length of
activation of the sources in each catheter is determined. The dose
prescribed is defined as the minimum dose in the clinical/planning
target volume or a representation of the dose of 90% of volume at
least 100% of the dose prescribed or of the volume receiving 100%
of the dose prescribed at least 90%. Dosimetry can be started by
identical activation of useful positions of the source in all catheters.
Manual or automated optimisation can be performed to avoid
significant overdoses or “under doses”. The dose non-uniformity
ratio (DNR=V150/V100 [volume receiving 150% of the dose pre-
scribed/volume receiving 100% of the dose prescribed]) is verified
in order to reach an optimum value less than 0.36 to 0.42. The total
dose, the dose rate, the number of fractions or pulses per hour
and per day are prescribed and reported, as well as the dose in the
volumes (cumulative dose-volume histograms). The different dose
regimens are listed in Table 7 according to the technique (PDR or
HDR) and according to location (tumour site or postoperatively)
[5,58]. Whatever the technique, the dose ratio should comply with
recommendations of report 58 of the International Commission on
Radiation Units and Measurements (ICRU). The type of optimisa-
tion should be specified as well as descriptions of treatments with
the different parameters: mean central dose, minimal dose in the
clinical target volume, indices of coverage of homogeneity and of
uniformity, dimension of volumes, treated volume and irradiated
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volume, high and low dose areas and doses in organs at risk
[5,58-60].

4.5. Management during treatment and follow-up after
brachytherapy

Throughout the duration of treatment, the patient uses amouth-
wash regularly and feeding is provided via a nasogastric tube. At the
end of the treatment, removal of the tubes or the needles is done
in the operating room by the brachytherapy oncologist.

Acute reactions occur 8 to 10 days after the end of treatment
and are manifested as mucositis localised to the target volume and
last about six weeks. Monitoring by the brachytherapy oncologist
is scheduled at around month two and then repeat monitoring
is gradually spaced out to follow traditional follow-up of upper
aerodigestive tract cancers [61].
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Appendix A. Links to external sites

Digital RecoRad™ tool: www.sfro-recorad.frhttps://www.
nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf

https://www.esmo.org/guidelines/head-and-neck-
cancers/squamous-cell-carcinoma-of-the-head-and-
neckhttp://oncologik.fr/referentiels/rrc/carcinome-epidermoide-
de-la-cavite-buccale
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