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Purpose: The trigeminal nerve (V) is a major route of tumor spread in several head and neck cancers.
However, only limited data are currently available for its precise contouring, although this is absolutely
necessary in the era of intensity-modulated radiation therapy (IMRT). The purpose of this article is to pre-
sent practical clinical guidelines for contouring the trigeminal nerve (V) in head and neck cancers at risk
of spread along this nerve.

Method: The main types of head and neck cancers associated with risks of spread along the trigeminal

Keywords: nerve (V) and its branches were comprehensively reviewed based on clinical experience, literature-
Head and neck cancers . . .
Contouring based patterns of failure, anatomy and radio-anatomy. A consensus for contouring was proposed based

on a multidisciplinary approach among head and neck oncology experts including radiation oncologists
(JBi, ML, MO, VG and ]B), a radiologist (VD) and a surgeon (CS). These practical clinical guidelines have
been endorsed by the GORTEC (Head and Neck Radiation Oncology Group).
Results: We provided contouring and treatment guidelines, supported by detailed figures and tables to
help, for the trigeminal nerve and its branches: the ophthalmic nerve (V1), the maxillary nerve (V2)
and the manidibular nerve (V3). A CT- and MRI-based atlas was proposed to illustrate the whole trigem-
inal nerve pathway with its main branches.
Conclusion: Trigeminal nerve (V) invasion is an important component of the natural history of various
head and neck cancers. Recognizing the radio-anatomy and potential routes of invasion is essential for
optimal contouring, as presented in these guidelines.

© 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 131 (2019) 192-201
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Trigeminal nerve
Perineural invasion

Perineural invasion (PNI) is a well-recognized characteristics in
head and neck cancers. It has been associated with poor prognosis,
i.e. increased loco-regional recurrence and decreased survival
[1-6]. PNI can present from either cutaneous, mucosal, or salivary
gland head and neck malignancies [7]. Adenoid cystic carcinoma
(ACC) and squamous-cell carcinomas (SCC) are the most frequent
neoplasms to exhibit this behavior. PNI is a clinicopathological
entity generally defined as tumor-cell invasion in, around, and
through the nerves [8,9]. There are two distinct PNI categories
[9]. The most common is “microscopic PNI” when PNI is identified
in a resection specimen as a histological finding of small, micro-
scopically identified peripheral nerves in the immediate proximity
of the neoplasm. In that case, the extent of microscopic PNI may
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vary from focal to multiple (extensive). The second category is
“macroscopic PNI”, a clinical and/or radiological finding of larger
nerves.

Macroscopic PNI has a wide variety of clinical manifestations:
paresthesia, hypoesthesia, pain, burning, numbness or formication
in a specific territory. However, up to 40% of patients with radio-
graphic macroscopic PNI are completely asymptomatic [7,10]
emphasizing the need for appropriate imaging interpretation in
the management of head and neck cancers [11].

Because of its extensive and intricate network of nerve fibers,
the trigeminal nerve (V), and especially the maxillary (V2), the
mandibular nerves (V3), and in a lesser extent the ophthalmic
nerve (V1) are commonly affected nerves. In addition, these nerves
have various interconnections that serve as a mechanism for wide-
spread dissemination. Tumors can propagate both anterograde and
retrograde along these nerves. Retrograde PNI toward the skull
base occurs more often [10].
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Intensity-modulated radiation therapy (IMRT) is the standard
method of radiotherapy (RT) of head and neck cancers [12-15].
IMRT is a technique that allows precise anatomical targeting of
the target volumes to be irradiated while protecting healthy tis-
sues. Because of its precision, this technique requires that each vol-
ume must be strictly and rigorously defined, as inadequate IMRT of
PNI could result in failures especially at the base of skull as cancer
can spread along cranial nerves. The delineation of these volumes
is complex, and requires a solid learning curve.

Presently, there are limited data to guide radiation oncologists
with the management of these microscopic and macroscopic PNI
regarding simultaneously the indications, delineation, and dose
prescription in the field of IMRT [10,16,17]. The purpose of this
article is to present practical clinical guidelines for the delineation
of the trigeminal nerve (V) in the treatment of head and neck can-
cers using IMRT. These practical clinical guidelines have been
endorsed by GORTEC (Head and Neck Radiation Oncology Group
- Groupe d’Oncologie Radiothérapie Téte et Cou).

Main types of head and neck cancer associated with risks of
spread along the trigeminal nerve (V) and its branches, and
respective anatomy

A CT- and MRI-based delineation atlas of the trigeminal nerve
(V) and its main branches potentially involved in the dissemination
of head and neck cancers is provided in the Supplementary mate-
rial. The trigeminal nerve (V) is the largest cranial nerve, and
emerges from the lateral aspect of the pons and then runs anteri-
orly to the Meckel cave located laterally and inferiorly to the cav-
ernous sinus containing the trigeminal ganglion (also named
Gasserian ganglion). From the trigeminal ganglion, three major
branches emerge and have singular pathways: the ophthalmic
(V1), the maxillary (V2), and the mandibular (V3) nerves [18]. Head
and neck cancer localizations associated with potential risk of PNI
of these branches are presented in Table 1.

Epidemiology

The incidence of PNI in head and neck cancer varies according
to the histopathology and the localization of the primary cancer
site. It has been reported in 27-82% of head and neck SCC [19-
22] and 31-96% of ACC [23]. Considerable variation in the rates
of PNI may be attributed to different detection methods for both
the pathological diagnosis of PNI [19] and radiological interpreta-
tion of macroscopic PNI [24]. Some sites are less likely to present
or recur with macroscopic PNI, although histologically the tumor

Table 1

specimen may display microscopic PNI. These include tongue, floor
of mouth, tonsil, or larynx [24]. On the contrary, cutaneous, skull
base, paranasal sinuses, or nasopharyngeal tumors are more likely
to present with macroscopic PNL

ACC is a relatively uncommon malignancy in the head and neck
region but has a well-documented propensity for PNI [25]. ACC is a
slow-growing epithelial tumor of salivary glands that can arise
anywhere within the upper respiratory tract. It generally has a very
slow growing, indolent course with frequent recurrences and late
metastases. It is found approximatively in 60% in minor salivary
glands, with the hard palate as the first site; and in 40% in major
salivary glands, with the parotid gland as the first site.

Anatomy of the trigeminal nerve branches and associated tumors at
risk

Ophthalmic nerve (V1)

From the trigeminal ganglion, the ophthalmic nerve (V1) con-
tinues forward within the lower part of the cavernous sinus. The
main branch penetrates the orbit via the superior orbital fissure
and then splits into three branches (frontal, lacrimal, and nasocil-
iary) that subsequently run in the roof of the orbit.

The frontal branch divides into the supraorbital and supra-
trochlear nerves overall innervating the skin of the forehead and
scalp, the mucosa of the frontal sinus, the upper eyelid and its con-
junctiva. Therefore, cutaneous malignancies of the upper third of
the face (upper eyelid and forehead especially) (Fig. 1) and tumors
originating from the frontal sinuses are at risk.

The lacrimal branch provides the sensory supply to the lacrimal
gland (making tumors from the lacrimal gland, are at risk) while
the nasociliary branch is responsible for the sensory innervation
of the cornea, the skin of the nose, and part of the nasal and para-
nasal sinus mucosa.

Maxillary nerve (V2)

From the trigeminal ganglion, the second division of the trigem-
inal nerve, the maxillary nerve (V2) travels within the wall of the
cavernous sinus just below the ophthalmic nerve (V1). It, then,
goes through the skull base via the foramen rotundum, and joins
the pterygopalatine ganglion in the pterygopalatine fossa (PPF)
where it gives off several branches, making of the PPF a hub for
PNI spread (Figs. 2 and 3).

From the PPF, the infraorbital nerve goes anteriorly in the
infraorbital canal, along the orbital floor, and emerges into the face
via the infraorbital foramen. It provides three alveolar nerves
innervating the upper teeth and gingival in the maxilla, and three

Ophthalmic (V1), maxillary (V2), and mandibular (V3) nerves involved in head and neck cancers’ perineural invasion and associated tumors at risk.

Cranial nerve Main branch path

Specific branch

Tumors potentially associated

Ophthalmic Brainstem — Trigeminal ganglion — Frontal nerve Skin: upper third of face
nerve - V1 Cavernous sinus — Superior orbital fissure Fontal sinus
— Roof of orbit Lacrimal nerve Lacrimal gland
Maxillary Brainstem — Trigeminal ganglion — Sensory branches Skin: middle third of face
nerve - V2 Cavernous sinus — Foramen rotundum — Posterior superior alveolar nerve Maxillary sinus
Pterygopalatine fossa Pterygopalatine ganglion Nasopharyngeal
Oropharyngeal
Maxillary sinus and ethmoid sinus
Greater and lesser palatine nerves Hard palate
Mandibular Brainstem — Trigeminal ganglion — Inferior alveolar nerve Skin: lower third of face
nerve - V3 Floor of Meckel cave — Foramen ovale — If invading the mandible

Masticator space

Main branch
Lingual nerve
Auriculotemporal nerve

If invading the floor of mouth

If invading the masticator space or parapharyngeal space
Floor of mouth, tongue, submandibular gland

Parotid gland

Skin: external ear
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computed tomography; Gado: gadolinium; MRI (magnetic resonance imaging).

cutaneous nerves of the face innervating the inferior eyelid, con- Tumors of the maxillary sinus have multiple routes that allow
junctiva, lateral nose and superior lip. Therefore, cutaneous malig- cancers to spread to the PPF. Invasion of the lateral walls allows
nancies of the middle third of the face (the lower eyelid, malar access to the superior alveolar nerve, which originates from the
cheeks, nasal cavity and lateral nose, upper lip especially) are at PPF. The most direct route would be penetration of the posterior

risk of PNI via the infraorbital nerve (Fig. 1). wall, which would place the cancer directly within the PPF. In
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addition, tumor from the maxillary sinus can exit via various drain-
ing ostia into the nasal cavity, and spread to the nasopharynx, as
nasopharyngeal tumors can also spread via the maxillary nerve
(V2) [26]. Nasopharyngeal tumors can access the sphenopalatine
foramen (located posterior to the nasal cavity near the roof of
the nasopharynx) and spread to the PPF. Advanced oropharyngeal
tumors can also spread in the superficial mucosal space to the
nasopharynx, or access directly to the PPF.

From the PPF emerge the lesser and greater palatine nerves,
which traverse similarly named foramen, and the nasal and naso-
palatine nerves exit via the sphenopalatine foramen. Tumors of
the hard palate can access the greater and lesser palatine nerves,
and can ascend to the PPF (Fig. 3).

Mandibular nerve (V3)

The third division of the trigeminal nerve, the mandibular nerve
(V3), runs laterally from the floor of the Meckel cave, and exits the
skull base via the foramen ovale into the masticator space. There-
fore, all tumors invading the masticator space (such as advanced
nasopharyngeal or oropharyngeal tumors, rhabdomyosarcoma,
lymphoma, and metastatic tumor) are at risk of PNI via the
mandibular nerve (V3) (Fig. 4). The mandibular nerve (V3) divides
into an anterior and a posterior trunk. The anterior trunk gives sev-
eral motor branches to the masticator muscles and one sensory
branch, the buccal nerve, which gives sensation to the skin over
the cheek and the second and third molars.

The posterior trunk divides into three branches: the auricu-
lotemporal nerve, the lingual nerve, and the inferior alveolar nerve.
The auriculotemporal nerve passes through the parotid gland to
supply sensation to the temporal scalp, making of cutaneous
malignancies of this region (Fig. 1) as well as parotid gland tumors
at risk (Fig. 5) [39,40]. The lingual nerve innerves the tongue to
supply sensation to the floor of mouth and the anterior two-
thirds of the tongue, making tumors of these regions at risk. The
lingual nerve also gives a branch for the parasympathetic innerva-
tion of submandibular and submental glands, making tumors of
this region at risk. The inferior alveolar nerve enters the mandibu-
lar canal via the mandibular foramen, finally exits the mandibular
canal via the mental foramen, and divides into several terminal
branches that innervate the skin of the chin and the lower lip, mak-
ing cutaneous malignancies of this region at risk (Fig. 1). Moreover,
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all tumors invading the mandible can be at risk of PNI via the infe-
rior alveolar nerve.

Communicating interconnections between the nerves

Between branches of the trigeminal nerve (V)

The branches of the trigeminal nerve communicate and allow
spread of neoplasm from one division of the trigeminal nerve to
another (Fig. 2). Potential communication exists between the oph-
thalmic nerve (V1) and maxillary nerve (V2) at the orbital apex,
where they are in close proximity to each other after passing
through the superior orbital fissure. The inferior orbital fissure
joins the PPF and allows potential spread of tumor from the oph-
thalmic nerve (V1) in the orbit to the maxillary nerve (V2). The
orbit also communicates with the masticator space through the
inferior orbital fissure. Thus, a lesion from the ophthalmic nerve
(V1) or the maxillary nerve (V2) may spread directly to the
mandibular nerve (V3). The direct lateral communication of the
PPF to the masticator space allows potential spread of neoplasm
between the maxillary (V2) and mandibular (V3) nerves.

Between trigeminal (V) and facial (VII) nerves

Additionally, the trigeminal (V) and facial (VII) nerves directly
communicate in three locations. First, the PPF forms a junction
between the Vidian nerve and branches of the maxillary nerve
(V2) (Figs. 2 and 3). Another branch of the facial nerve (VII), the
chorda tympani, directly joins the lingual nerve, a division of the
mandibular nerve (V3). Third, the auriculotemporal branch of the
mandibular nerve (V3) crosses through the body of the parotid
gland at right angles to the facial nerve and, here, usually has direct
communications with the facial nerve (VII). Therefore, if macro-
scopic PNI involving the trigeminal nerve is observed, careful
examination of the facial nerve should be performed for signs of
tumor spread.

Imaging approaches for the evaluation of macroscopic PNI

PNI is often asymptomatic, heralding the importance of careful
radiologic evaluation when it is suspected [27]. CT-scan and MRI
play complementary roles in the evaluation of macroscopic PNI,
but MRI has become the modality of choice due to better soft-
tissue contrast, reduced dental artifacts, and a more accurate
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Fig. 4. Rhabdomyosarcoma infiltrating the masticator space with macroscopic PNI of branches of the mandibular nerve (V3). (A) 3D overview of the extension pathways
(yellow arrows) along the main branch of the mandibular nerve (through the foramen ovale) in a retrograde manner, and along the inferior alveolar (in the mandibular canal)
in an anterograde manner. (B) Note enlargement of the mandibular foramen on CT-scan, and corresponding enhancing lesion on post Gado T1-weigthed MRI. (C) Sagittal and
coronal views of post Gado T1-weigthed MRI of the different nerve extension pathways. (D) Note enlargement of the foramen ovale on CT-scan, and corresponding enhancing
lesion on post Gado T1-weigthed MRI. Abbreviations. PNI: perineural invasion; CT: computed tomography; Gado: gadolinium; MRI (magnetic resonance imaging).
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Fig. 5. Recurrence of an adenoid cystic carcinoma of the right parotid as a macroscopic PNI of the main branch of the mandibular nerve (V3). (A) 3D overview of the extension
retrograde pathway (yellow arrow) along the main branch of the mandibular nerve (V3). (B) Coronal views and (C). Axial views of both '8 FDG-PET-CT and corresponding post
Gado T1-weigthed MRI of the nerve extension pathway from the bottom-up. Enhancement along the main branch of the mandibular nerve is delineated in red on MRI images.
Abbreviations. PNI: perineural invasion; CT: computed tomography; Gado: gadolinium; MRI (magnetic resonance imaging).

assessment of intracranial spread [11,27-30]. This poses a chal-
lenge for radiation oncologists as all CT-based delineation of radi-
ation targets are currently performed only on serial axial CT slices.
Close collaboration between radiation oncology and diagnostic
radiology is required during the radiotherapy planning process.
MRI has a sensitivity of 95-100% for detection of macroscopic
PNI [31-33]. However, in 2011, Gandhi et al. [31] reviewed a series

of 30 operated macroscopic PNI cases, and correlated histology
with diagnostic MRI imaging. They found that MRI did not cor-
rectly define the extent of the PNI in 5 of the 30 cases (17%). In
2015, Baulch et al. [32] underwent a similar study with 38 cases.
They found that MRI did not detect the macroscopic PNI in 2 of
the 38 cases (5%). Of the 36 detected macroscopic PNI, MRI did
not correctly define the extent of the PNI in 4 of the 36 cases
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(11%). Multiplanar reformations are also important in evaluation of
the skull base foramina, as many are shown to better advantage in
coronal, sagittal, or oblique planes. As an example, foramen ovale
or involvement of the Meckel cave, may be best visualized on coro-
nal images [28].

On T1-weighted MRI, fat is generally present, and is normally
hyperintense just after a nerve exits a foramen and in the ptery-
gopalatine fossa. Obliteration of these fat pads is a key element
in detecting macroscopic PNI [11,24]. Direct evidence of macro-
scopic PNI spread on MRI would be enlargement and enhancement
along the course of a cranial nerve on post contrast T1-weighted
images (Figs. 3, 4 and 5). Many radiologists prefer high-
resolution fat-saturated postcontrast images. There is controversy
regarding the use of fat-suppression sequences, as associated arti-
fact may occur with this sequence, and the nerve may be better
visualized without fat suppression [34].

Although MRI has become the gold standard for evaluation of
PNI, CT-scan can play a role as well. CT-scan is superior to MRI
for evaluating bony changes, which is important because a sub-
stantial portion of the trigeminal and facial nerves are surrounded
by, or contained within, bony structures. Evaluation of certain fora-
men and areas should be routine in evaluating head and neck
malignancies. These include the supraorbital foramen, superior
and inferior orbital fissures, pterygopalatine fossa, foramen rotun-
dum, Vidian canal, palatine foramen, foramen ovale, and mandibu-
lar foramen. Convexity of the cavernous sinus wall, and the
presence of soft tissue or enhancement within the Meckel cave
can also be signs of macroscopic PNI [24,28,29]. Masticator muscle
atrophy occurring with chronic mandibular nerve (V3) denervation
can be appreciated on both MRI and CT-scan. In such cases,
increased intensity on T2-weighted images and abnormal
enhancement in the muscle after acute or subacute denervation
is present [30].

18EDG-PET-CT is often inferior to MRI in diagnosis of macro-
scopic PNI. This is related to the small volume of disease in macro-
scopic PNI combined with limited spatial resolution of '®FDG-PET-
CT [35].

So-called “skip lesions” may occur radiologically, such that the
abnormalities of the nerve may appear discontinuous on imaging
(Fig. 2B) [29,33]. Pathologically, macroscopic PNI is usually found
to be continuous [28,33]. This discrepancy is probably related to
the fact that imaging may not detect abnormal regions of the nerve
where there is low tumor burden, and thus will underestimate the
full extent of nerve involvement.

Treatment considerations and radiotherapy planning - Table 2

General management

Microscopic PNI

Concerning head and neck SCC, the diagnosis of microscopic PNI
is typically the result of biopsy and/or surgical excision of the pri-
mary tumor with histological sectioning. For patients undergoing
surgery, few studies have attempted to assess the benefit of adju-
vant RT in patients with head and neck SCC with PNI as their only
indication for adjuvant therapy, making firm conclusions difficult
[36-38]. We can suggest that focal microscopic PNI in the absence
of other high-risk features to be a relative indication for adjuvant
RT, discussed on a case-by-case. Extensive PNI is generally consid-
ered as more systematic indication for adjuvant RT. Concerning
concurrent chemotherapy, patients whose cancers were found to
have PNI were included in the phase IIl EORTC 22931 trial compar-
ing postoperative RT to postoperative RT and concurrent cisplatin
[39]. The addition of concurrent cisplatin improved locoregional
control in comparison with postoperative RT alone. However, in a
subsequent combined analysis of the EORTC and a similar phase

III RTOG 9501/Intergroup trial, the beneficial effect of concurrent
cisplatin was more pronounced for patients with positive margins
and/or nodal extracapsular extension [37,40]. The use of concur-
rent chemotherapy is usually not recommended on the only basis
of PNI but can be considered on case-by-case, especially in case of
extensive PNI and/or other high-risk features.

Concerning ACC and other salivary gland tumors, controversy
exists with the prognostic significance of microscopic PNI as an
independent factor [25]. In a retrospective analysis, Chen et al.
reported that postoperative RT was associated with reduced risk
of skull-base recurrences in 140 patients with salivary gland
cancers and PNI. The probability of skull-base recurrence was
5 and 15% (p=0.03) with or without postoperative RT, respec-
tively [41], consistent with the findings of other authors
[42,43]. The retrospective nature of these trials, the heterogene-
ity of pathologies included in many of the series of salivary
gland tumors, and lack of routine use of pretreatment MRI,
which could have identified the presence of macroscopic PNI,
are limits to the interpretation of these studies. The manage-
ment of salivary gland cancers and PNI is complex. Histopathol-
ogy and tumor grade must be taken into account. Polymorphous
low-grade adenocarcinomas (PLGAs) demonstrate a propensity
for PNI, but PLGAs can have an indolent natural history with
risk of late local recurrences [44-46]. These cancers may be
managed by surgery alone if surgical margins are clear, whereas
salivary duct carcinomas and ACC [47] have higher risk of local
and skull-base recurrences. Postoperative RT is a standard rec-
ommendation for the latter two cancers.

Macroscopic PNI

Treatment guidelines for patients with macroscopic PNI have
not been established. However, different series report surgical
resection followed by postoperative RT leads to improved patient
outcomes [48-50]. The surgical management of macroscopic PNI
requires careful preoperative assessment. Consistent with the
usual oncologic principles of surgical management, the involved
nerve must be resected with the intent of obtaining clear surgical
margins. Care must be taken as there is a risk of underestimation
of PNI extent on preoperative imaging [28]. Most patients with
macroscopic PNI require postoperative RT with or without
chemotherapy. Histopathology is a significant determinant of the
role of primary surgery. For SCC and particularly nasopharyngeal
carcinoma, where RT with or without chemotherapy is used defini-
tively as standard treatment, extensive skull-base surgery might
not be indicated.

For inoperable and macroscopically residual ACC, definitive RT
is the standard treatment [51-53]. Despite the relatively low rate
of tumor cure in this setting, definitive RT can result in long
progression-free intervals. Also, particle therapies with protons,
neutrons or carbon ions have been advocated as potentially provid-
ing better disease control [54-56]; however, the data supporting
these approaches are limited, and these techniques are not widely
available.

Recommendations for radiotherapy

Prerequisite

IMRT is the standard method of RT for head and neck cancers
[12-15]. For the management of PNI with IMRT, the collection
and interpretation of all necessary elements are required:

- Clinical examination: signs of potential PNI should be searched
and the specific territory noted. Clinical history can also reveal
discrete perineural invasion that could otherwise remain
undetected.
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Table 2

Recommendations for treatment volumes for radiotherapy in head and neck cancers with perineural invasion. Abbreviations: ACC = adenoid cystic carcinoma; PNI = perineural
invasion; SCC = squamous cell carcinoma; CTV = clinical target volume; Gy = Gray; GTV = Gross tumor volume.

Nerve paths to be included in the high-risk CTV (CTV-P1)

Nerve paths to be included in the low-risk CTV (CTV-
P2)

Primary radiotherapy

Post-operative radiotherapy

For both primary and post-operative radiotherapy
according to indication

CTV-P1 =GTV +5 mm*
along the nerve path

GTV = Post-contrast enhancement
along the nerve CTV-P1
includes
Positive margin
+5 mm® along
the nerve path

In case of positive R1 margin,

CTV-P1 Adenoid cystic Nerve paths© for at least 30 mm
Includes PNI in  carcinoma® and discussed up to skull base
Tumor bed Macroscopic PNI (often recommended)’

Consider nerve interconnections
In case of skull base or
intracranial involvement,
consider nerve paths to the
brainstem

Nerve paths© for at least 30 mm
and discussed up to skull base
(often recommended)!

SCC with focal Nerve paths in the GTV/tumor
microscopic PNI bed

SCC with multiple
microscopic PNI

2 This margin can be increased in case of MRI imaging extent doubt.

b Despite the lack of randomized evidence, particles RT might be considered, when available, for inoperable or macroscopically residual ACC.
¢ Standard coverage of cranial nerve pathways retrograde toward base of skull. Nerve pathways are chosen according to primary tumor localization. Consider antegrade

coverage if symptoms, operative report or imaging suggesting.

4 For non well-lateralized tumors, bilateral nerve path coverage for at least 20-30 mm and discussed up to skull base has to be considered.

- Analysis of imaging: diagnostic radio-anatomy of macroscopic
PNI is discussed in the specific paragraph above. In the cases
of high risk of macroscopic PNI according to tumor histopathol-
ogy and/or tumor localization, it is crucial to assess the full
extent of the nerve back to brainstem.

In case of post-operative IMRT: operative and anatomopatho-
logical reports with exact histology, identification of the level
of microscopic PNI (from focal to extensive) and identification
and quality of resection of affected nerves in case of macro-
scopic PNIL.

Before target volume delineation, a particular attention has to
be paid on the co-registration of MRI sequences and planning CT
as both modalities are of interest (see paragraph Imaging
Approaches for the Evaluation of macroscopic PNI above). MRI imag-
ing performed in the treatment position might improve the accu-
racy of the IMRT planning and thus is recommended whenever
possible [57]. The personalized thermoplastic masks used for head
and neck cancers can be made compatible with MRI machines,
however they aren’t most of the time [58]. As trigeminal nerve
(V) issues are nearby the skull base, rigid co-registration, with high
quality assurance all along the process, is usually recommended
[58,59].

Treatment volumes

Primary radiotherapy. For non-resected macroscopic PNI, the
gross tumor volume (GTV) should include the entire post-
contrast enhancement along the nerve path. An additional 5 mm
margin along the nerve path should be added to the GTV to create
the high-risk clinical target volume (CTV-P1). This margin can be
increased in case of MRI imaging extent doubt. Zukauskaite et al.
[60] recently published a series of 1576 patients treated with pri-
mary RT for head and neck SCC. They found that the vast majority
of recurrences occurred in the GTV. However, this study only
included SCC and not histology as ACC, and excluded locations as
nasopharynx, paranasal sinuses or skin which are at particular risk
of PNI spread. The low-risk CTV (CTV-P2) should include an addi-
tional margin along the nerve path for at least 30 mm and a poten-
tial additional margin up to the skull base should be discussed and
is often recommended [47,61]. In case of skull base involvement,
the CTV-P2 should be prolonged in skull to the brainstem. Also,

antegrade CN involvement should be considered to reduce risks
of recurrence and failure. Consideration should also be given to
treating closely adjacent nerves or branches in the event of
involvement at a neural junction.

Post-operative radiotherapy. For resected macroscopic PNI with
positive R1 margins, the CTV-P1 should include the close margin
+5 mm along the nerve path. This margin can be increased in case
of MRI diagnostic imaging extent doubt. The CTV-P1 should
include PNI in the entire tumor bed.

For both primary and post-operative radiotherapy. For cases with
high-risk of tumor spread along the nerve according to tumor his-
tology (i.e., cutaneous or non-cutaneous head and neck SCC with
extensive PNI or ACC) or tumor localization (i.e., pterygopalatine
fossa or masticator space invasion, nasopharyngeal or maxillary
sinuses tumors), CTV-P2 should include the potentially-involved
nerve path according to primary tumor localization for at least
30 mm and a potential additional margin up to the skull base
should be discussed and is often recommended. For non-
lateralized tumors, bilateral potentially involved nerve path should
also be considered.

As target volumes might encompass usual organs at risk (such
as brainstem, brain, optic pathway; especially in case of skull base
involvement), individual compromises have to be considered on
case-by-case based on the risk of undercoverage of PTV (and thus
potential risk of recurrence) versus risk of toxicities.

In conclusion, trigeminal nerve (V) invasion is an important
component of the natural history of various head and neck cancers.
Recognizing the radio-anatomy and potential routes of invasion is
essential for optimal contouring and IMRT planning, as presented
in this manuscript.

Conflict of interest

None declared.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.radonc.2018.08.
020.


https://doi.org/10.1016/j.radonc.2018.08.020
https://doi.org/10.1016/j.radonc.2018.08.020

200 Guidelines for contouring the trigeminal nerve (V) in head and neck cancers

References

[1] Bur AM, Lin A, Weinstein GS. Adjuvant radiotherapy for early head and neck
squamous cell carcinoma with perineural invasion: a systematic review. Head
Neck 2016;38:E2350-7.

[2] Brandwein-Gensler M, Teixeira MS, Lewis CM, Lee B, Rolnitzky L, Hille JJ, et al.
Oral squamous cell carcinoma: histologic risk assessment, but not margin
status, is strongly predictive of local disease-free and overall survival. Am ]
Surg Pathol 2005;29:167-78.

[3] Tai S-K, Li W-Y, Yang M-H, Chu P-Y, Wang Y-F, Chang PM-H. Perineural

invasion as a major determinant for the aggressiveness associated with

increased tumor thickness in t1-2 oral tongue and buccal squamous cell
carcinoma. Ann Surg Oncol 2013;20:3568-74.

Carrillo JF, Carrillo LC, Cano A, Ramirez-Ortega MC, Chanona ]G, Avilés A, et al.

Retrospective cohort study of prognostic factors in patients with oral cavity

and oropharyngeal squamous cell carcinoma. Head Neck 2016;38:536-41.

[5] Chatzistefanou I, Lubek ], Markou K, Ord RA. The role of neck dissection and
postoperative adjuvant radiotherapy in cNO patients with PNI-positive
squamous cell carcinoma of the oral cavity. Oral Oncol 2014;50:753-8.

[6] Sinha P, Hackman T, Nussenbaum B, Wu N, Lewis ]S, Haughey BH. Transoral
laser microsurgery for oral squamous cell carcinoma: oncologic outcomes and
prognostic factors. Head Neck 2014;36:340-51.

[7] Panizza BJ. An overview of head and neck malignancy with perineural spread. ]
Neurol Surg Part B Skull Base 2016;77:81-5.

[8] Bakst RL, Wong R]. Mechanisms of perineural invasion. ] Neurol Surg Part B
Skull Base 2016;77:96-106.

[9] Brown IS. Pathology of perineural spread. ] Neurol Surg Part B Skull Base
2016;77:124-30.

[10] Amit M, Eran A, Billan S, Fridman E, Na'ara S, Charas T, et al. Perineural spread
in noncutaneous head and neck cancer: new insights into an old problem. ]
Neurol Surg Part B Skull Base 2016;77:86-95.

[11] Badger D, Aygun N. Imaging of perineural spread in head and neck cancer.
Radiol Clin North Am 2017;55:139-49.

[12] Toledano I, Graff P, Serre A, Boisselier P, Bensadoun R-], Ortholan C, et al.
Intensity-modulated radiotherapy in head and neck cancer: results of the
prospective study GORTEC 2004-03. Radiother Oncol 2012;103:57-62.

[13] Nutting CM, Morden JP, Harrington K], Urbano TG, Bhide SA, Clark C, et al.
Parotid-sparing intensity modulated versus conventional radiotherapy in head
and neck cancer (PARSPORT): a phase 3 multicentre randomised controlled
trial. Lancet Oncol 2011;12:127-36.

[14] Rathod S, Gupta T, Ghosh-Laskar S, Murthy V, Budrukkar A, Agarwal J. Quality-
of-life (QOL) outcomes in patients with head and neck squamous cell
carcinoma (HNSCC) treated with intensity-modulated radiation therapy
(IMRT) compared to three-dimensional conformal radiotherapy (3D-CRT):
evidence from a prospective randomized study. Oral Oncol 2013;49:634-42.

[15] Gupta T, Agarwal ], Jain S, Phurailatpam R, Kannan S, Ghosh-Laskar S, et al.
Three-dimensional conformal radiotherapy (3D-CRT) versus intensity
modulated radiation therapy (IMRT) in squamous cell carcinoma of the head
and neck: a randomized controlled trial. Radiother Oncol 2012;104:343-8.

[16] Ko HC, Gupta V, Mourad WF, Hu KS, Harrison LB, Som PM, et al. A contouring
guide for head and neck cancers with perineural invasion. Pract Radiat Oncol
2014;4:e247-58.

[17] Anwar M, Yu Y, Glastonbury CM, El-Sayed IH, Yom SS. Delineation of radiation
therapy target volumes for cutaneous malignancies involving the ophthalmic
nerve (cranial nerve V-1) pathway. Pract Radiat Oncol 2016;6:e277-81.

[18] Kamel HA, Toland ]. Trigeminal nerve anatomy: illustrated using examples of
abnormalities. AJR Am ] Roentgenol 2001;176:247-51.

[19] Kurtz KA, Hoffman HT, Zimmerman MB, Robinson RA. Perineural and vascular
invasion in oral cavity squamous carcinoma: increased incidence on re-review
of slides and by using immunohistochemical enhancement. Arch Pathol Lab
Med 2005;129:354-9.

[20] Fagan ]], Collins B, Barnes L, D’Amico F, Myers EN, Johnson JT. Perineural
invasion in squamous cell carcinoma of the head and neck. Arch Otolaryngol
Head Neck Surg 1998;124:637-40.

[21] Carter RL, Foster CS, Dinsdale EA, Pittam MR. Perineural spread by squamous
carcinomas of the head and neck: a morphological study using antiaxonal and
antimyelin monoclonal antibodies. J Clin Pathol 1983;36:269-75.

[22] Soo KC, Carter RL, O'Brien CJ, Barr L, Bliss JM, Shaw H]J. Prognostic implications
of perineural spread in squamous carcinomas of the head and neck.
Laryngoscope 1986;96:1145-8.

[23] Barrett AW, Speight PM. Perineural invasion in adenoid cystic carcinoma of the
salivary glands: a valid prognostic indicator? Oral Oncol 2009;45:936-40.

[24] Ginsberg LE. Imaging of perineural tumor spread in head and neck cancer.
Semin Ultrasound CT MR 1999;20:175-86.

[25] Amit M, Binenbaum Y, Trejo-Leider L, Sharma K, Ramer N, Ramer I, et al.
International collaborative validation of intraneural invasion as a prognostic
marker in adenoid cystic carcinoma of the head and neck. Head Neck
2015;37:1038-45.

[26] Chong VF, Fan YF, Khoo JB. Nasopharyngeal carcinoma with intracranial
spread: CT and MR characteristics. ] Comput Assist Tomogr 1996;20:563-9.

[27] Paes FM, Singer AD, Checkver AN, Palmquist RA, De La Vega G, Sidani C.
Perineural spread in head and neck malignancies: clinical significance and
evaluation with 18F-FDG PET/CT. Radiogr Rev 2013;33:1717-36.

[4

[28] Parker GD, Harnsberger HR. Clinical-radiologic issues in perineural tumor
spread of malignant diseases of the extracranial head and neck. Radiogr Rev
1991;11:383-99.

[29] Caldemeyer KS, Mathews VP, Righi PD, Smith RR. Imaging features and clinical
significance of perineural spread or extension of head and neck tumors.
Radiogr Rev 1998;18:97-110. quiz 147.

[30] Gandhi D, Gujar S, Mukherji SK. Magnetic resonance imaging of perineural
spread of head and neck malignancies. Top Magn Reson Imaging TMRI
2004;15:79-85.

[31] Gandhi MR, Panizza B, Kennedy D. Detecting and defining the anatomic
extent of large nerve perineural spread of malignancy: comparing “targeted”
MRI with the histologic findings following surgery. Head Neck
2011;33:469-75.

[32] Baulch J, Gandhi M, Sommerville ], Panizza B. 3T MRI evaluation of large nerve
perineural spread of head and neck cancers. ] Med Imaging Radiat Oncol
2015;59:578-85.

[33] Nemzek WR, Hecht S, Gandour-Edwards R, Donald P, McKennan K. Perineural
spread of head and neck tumors: how accurate is MR imaging? AJNR Am ]
Neuroradiol 1998;19:701-6.

[34] Curtin HD. Detection of perineural spread: fat suppression versus no fat
suppression. AJNR Am ] Neuroradiol 2004;25:1-3.

[35] Sekine T, de Barbosa F, Delso G, Burger IA, Stolzmann P, TerVoert EE, et al. Local
resectability assessment of head and neck cancer: positron emission
tomography/MRI versus positron emission tomography/CT. Head Neck
2017;39:1550-8.

[36] Bernier ], Cooper JS. Chemoradiation after surgery for high-risk head and neck
cancer patients: how strong is the evidence? Oncologist 2005;10:215-24.

[37] Bernier ], Cooper ]S, Pajak TF, van Glabbeke M, Bourhis ], Forastiere A, et al.
Defining risk levels in locally advanced head and neck cancers: a comparative
analysis of concurrent postoperative radiation plus chemotherapy trials of the
EORTC (#22931) and RTOG (# 9501). Head Neck 2005;27:843-50.

[38] Rosenthal DI, Mohamed ASR, Garden AS, Morrison WH, El-Naggar AK, Kamal
M, et al. Final report of a prospective randomized trial to evaluate the dose-
response relationship for postoperative radiation therapy and pathologic risk
groups in patients with head and neck cancer. Int J Radiat Oncol Biol Phys
2017;98:1002-11.

[39] Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefébvre J-L, Greiner RH,
et al. Postoperative irradiation with or without concomitant chemotherapy for
locally advanced head and neck cancer. N Engl ] Med 2004;350:1945-52.

[40] Cooper ]S, Pajak TF, Forastiere AA, Jacobs ], Campbell BH, Saxman SB, et al.
Postoperative concurrent radiotherapy and chemotherapy for high-risk
squamous-cell carcinoma of the head and neck. N Engl ] Med
2004;350:1937-44.

[41] Chen AM, Garcia J, Granchi P, Bucci MK, Lee NY. Base of skull recurrences after
treatment of salivary gland cancer with perineural invasion reduced by
postoperative radiotherapy. Clin Otolaryngol 2009;34:539-45.

[42] Gomez DR, Hoppe BS, Wolden SL, Zhung JE, Patel SG, Kraus DH, et al. Outcomes
and prognostic variables in adenoid cystic carcinoma of the head and neck: a
recent experience. Int ] Radiat Oncol Biol Phys 2008;70:1365-72.

[43] Coca-Pelaz A, Rodrigo JP, Bradley PJ, Vander Poorten V, Triantafyllou A, Hunt JL,
et al. Adenoid cystic carcinoma of the head and neck-An update. Oral Oncol
2015;51:652-61.

[44] Pogodzinski MS, Sabri AN, Lewis JE, Olsen KD. Retrospective study and review
of polymorphous low-grade adenocarcinoma. Laryngoscope
2006;116:2145-9.

[45] Schwarz S, Miiller M, Ettl T, Stockmann P, Zenk ], Agaimy A. Morphological
heterogeneity of oral salivary gland carcinomas: a clinicopathologic study of
41 cases with long term follow-up emphasizing the overlapping spectrum of
adenoid cystic carcinoma and polymorphous low-grade adenocarcinoma. Int J
Clin Exp Pathol 2011;4:336-48.

[46] Seethala RR, Johnson ]JT, Barnes EL, Myers EN. Polymorphous low-grade
adenocarcinoma: the University of Pittsburgh experience. Arch Otolaryngol
Head Neck Surg 2010;136:385-92.

[47] Garden AS, Weber RS, Morrison WH, Ang KK, Peters L. The influence of
positive margins and nerve invasion in adenoid cystic carcinoma of the head
and neck treated with surgery and radiation. Int ] Radiat Oncol Biol Phys
1995;32:619-26.

[48] Solares CA, Lee K, Parmar P, O'Rourke P, Panizza B. Epidemiology of clinical
perineural invasion in cutaneous squamous cell carcinoma of the head and
neck. Otolaryngol-Head Neck Surg Off ] Am Acad Otolaryngol-Head Neck Surg
2012;146:746-51.

[49] Warren TA, Panizza B, Porceddu SV, Gandhi M, Patel P, Wood M, et al.
Outcomes after surgery and postoperative radiotherapy for perineural spread
of head and neck cutaneous squamous cell carcinoma. Head Neck
2016;38:824-31.

[50] Panizza B, Solares CA, Redmond M, Parmar P, O'Rourke P. Surgical resection for
clinical perineural invasion from cutaneous squamous cell carcinoma of the
head and neck. Head Neck 2012;34:1622-7.

[51] Chen AM, Bucci MK, Quivey JM, Garcia ], Eisele DW, Fu KK. Long-term outcome
of patients treated by radiation therapy alone for salivary gland carcinomas.
Int J Radiat Oncol Biol Phys 2006;66:1044-50.

[52] Mendenhall WM, Morris CG, Amdur R], Werning JW, Villaret DB. Radiotherapy
alone or combined with surgery for salivary gland carcinoma. Cancer
2005;103:2544-50.


http://refhub.elsevier.com/S0167-8140(18)33458-3/h0005
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0005
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0005
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0010
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0010
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0010
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0010
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0015
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0015
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0015
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0015
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0020
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0020
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0020
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0025
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0025
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0025
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0030
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0030
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0030
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0035
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0035
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0040
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0040
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0045
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0045
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0050
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0050
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0050
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0055
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0055
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0060
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0060
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0060
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0065
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0065
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0065
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0065
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0070
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0070
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0070
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0070
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0070
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0075
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0075
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0075
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0075
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0080
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0080
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0080
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0085
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0085
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0085
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0090
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0090
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0095
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0095
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0095
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0095
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0100
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0100
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0100
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0105
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0105
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0105
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0110
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0110
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0110
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0115
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0115
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0120
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0120
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0125
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0125
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0125
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0125
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0130
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0130
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0135
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0135
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0135
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0140
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0140
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0140
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0145
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0145
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0145
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0150
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0150
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0150
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0155
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0155
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0155
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0155
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0160
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0160
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0160
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0165
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0165
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0165
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0170
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0170
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0175
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0175
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0175
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0175
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0180
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0180
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0185
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0185
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0185
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0185
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0190
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0190
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0190
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0190
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0190
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0195
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0195
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0195
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0200
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0200
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0200
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0200
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0205
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0205
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0205
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0210
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0210
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0210
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0215
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0215
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0215
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0220
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0220
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0220
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0225
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0225
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0225
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0225
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0225
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0230
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0230
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0230
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0235
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0235
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0235
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0235
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0240
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0240
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0240
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0240
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0245
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0245
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0245
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0245
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0250
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0250
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0250
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0255
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0255
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0255
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0260
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0260
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0260

J. Biau et al. /Radiotherapy and Oncology 131 (2019) 192-201 201

[53] Cianchetti M, Sandow PS, Scarborough LD, Morris CG, Kirwan ], Werning JW,
et al. Radiation therapy for minor salivary gland carcinoma. Laryngoscope
2009;119:1334-8.

[54] Orlandi E, lacovelli NA, Bonora M, Cavallo A, Fossati P. Salivary gland. Photon
beam and particle radiotherapy: present and future. Oral Oncol
2016;60:146-56.

[55] Jensen AD, Nikoghosyan AV, Lossner K, Haberer T, Jdkel O, Miinter MW, et al.
COSMIC: a regimen of intensity modulated radiation therapy plus dose-
escalated, raster-scanned carbon ion boost for malignant salivary gland
tumors: results of the prospective phase 2 trial. Int ] Radiat Oncol Biol Phys
2015;93:37-46.

[56] Douglas JG, Koh W, Austin-Seymour M, Laramore GE. Treatment of salivary
gland neoplasms with fast neutron radiotherapy. Arch Otolaryngol Head Neck
Surg 2003;129:944-8.

[57] Gardner M, Halimi P, Valinta D, Plantet M-M, Alberini J-L, Wartski M, et al. Use
of single MRI and 18F-FDG PET-CT scans in both diagnosis and radiotherapy

treatment planning in patients with head and neck cancer: advantage on
target volume and critical organ delineation. Head Neck 2009;31:461-7.

[58] Brunt JNH. Computed tomography-magnetic resonance image registration in
radiotherapy treatment planning. Clin Oncol 2010;22:688-97.

[59] Daisne ]J-F, Sibomana M, Bol A, Cosnard G, Lonneux M, Grégoire V. Evaluation
of a multimodality image (CT, MRI and PET) coregistration procedure on
phantom and head and neck cancer patients: accuracy, reproducibility and
consistency. Radiother Oncol 2003;69:237-45.

[60] Zukauskaite R, Hansen CR, Grau C, Samsge E, Johansen ], Petersen JBB, et al.
Local recurrences after curative IMRT for HNSCC: effect of different GTV to
high-dose CTV margins. Radiother Oncol 2018;126:48-55.

[61] Spiro RH. Distant metastasis in adenoid cystic carcinoma of salivary origin. Am
J Surg 1997;174:495-8.


http://refhub.elsevier.com/S0167-8140(18)33458-3/h0265
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0265
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0265
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0270
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0270
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0270
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0275
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0275
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0275
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0275
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0275
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0280
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0280
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0280
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0285
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0285
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0285
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0285
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0290
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0290
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0295
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0295
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0295
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0295
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0300
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0300
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0300
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0300
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0305
http://refhub.elsevier.com/S0167-8140(18)33458-3/h0305

	Practical clinical guidelines for contouring the trigeminal nerve (V) and its branches in head and neck cancers
	Main types of head and neck cancer associated with risks of spread along the trigeminal nerve (V) and its branches, and respective anatomy
	Epidemiology
	Anatomy of the trigeminal nerve branches and associated tumors at risk
	Ophthalmic nerve (V1)
	Maxillary nerve (V2)
	Mandibular nerve (V3)

	Communicating interconnections between the nerves
	Between branches of the trigeminal nerve (V)
	Between trigeminal (V) and facial (VII) nerves


	Imaging approaches for the evaluation of macroscopic PNI
	Treatment considerations and radiotherapy planning – Table&blank;2
	General management
	Microscopic PNI
	Macroscopic PNI

	Recommendations for radiotherapy
	Prerequisite
	Treatment volumes


	Conflict of interest
	Appendix A Supplementary data
	References


