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Introduction

This chapter discusses the local staging of mucosal and extramu-
cosal epithelial malignant disease of the head and neck, with the
exception of mucosal melanoma and thyroid malignancies.
The head and neck is the only compartment of the body
that is widely accessible to radiological imaging, clinical
examination, and noninvasive endoscopy at the same time.
The accuracy of each examination method, however, is dif-
ferent depending on the location of the disease. While super-
ficial mucosal spread of cancer is best addressed with
endoscopy, some anatomical subsites, especially parts of the
hypopharynx, represent blind spots to the clinician. Cancer
arising there might go undetected both with endoscopy and
clinical examination, and clinicians have to rely on radio-
logical imaging. Assessing the tumor extension in depth is
another domain of cross-sectional imaging, although palpa-
tion might be more accurate in certain instances, e.g., in
determining the infiltration of the prevertebral fascia or in
addressing superficial invasion of cortical bone by cancer.
Currently, head and neck cancer is still among the top ten
of malignant diseases in developed parts of the world [1].
Reliable statistics on the overall survival of head and neck
cancer patients were established starting in the 1970s, and
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since then a steady increase in survival has been observed
(Fig. 1) [1]. This is believed to be due to several factors.
First, advanced cancer stages benefit from a continuous
improvement in chemotherapy regimens and radiation ther-
apy, including the advent of intensity-modulated radiation
therapy (IMRT) [2]. Second, there was an increase in human
papillomavirus (HPV)-related cancers in the oral cavity and
oropharynx. These cancers tend to occur in a younger popu-
lation, and their cure is comparably facile. Third, the techni-
cal progress of cross-sectional imaging modalities led to an
increase in the staging accuracy of tumors. And this is where
diagnostic radiologists contribute to patient care.

While computed tomography (CT) and magnetic reso-
nance (MR) imaging are mainstays of local T and N staging,
BE-fluoro-2-deoxy-D-glucose (FDG) positron emission
tomography (PET) raised the bars in the detection of small
nodal metastases, distant metastases, and second primary
tumors. False-positive results in PET are typically due to
inflammatory changes, while false-negatives may be encoun-
tered in organs with a high physiologic FDG activity, such as
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Fig. 1 Five-year relative survival rates in head and neck cancer
(Adapted from Pulte et al. [1])
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the brain and the liver. Integrated reading of hybrid examina-
tions, either PET/CT or PET/MR, will help classify ques-
tionable lesions. Notably, one important pitfall for PET and
CT as well as MR exists in the head and neck area:
Lymphoepithelial tissue, e.g., in the base of the tongue, takes
up both contrast medium and FDG, and indwelling malig-
nant disease might be unnoticed.

Hybrid Imaging of Head and Neck Tumors

The use of FDG-PET in the local staging of head and neck
tumors is of limited value. PET activity does not exactly dem-
onstrate the size and extension of a tumor. In larger tumors
with high FDG avidity, PET imaging suffers from spillover
artifact to surrounding tissues. Smaller tumors (Tis and T1),
superficially spreading tumors, or those with low FDG avid-
ity may be missed completely by PET. Therefore, the location
and size of a tumor and the depth of invasion need to be accu-
rately identified on contrast-enhanced morphological imag-
ing, using preferably MR, or CT. Small but FDG-avid tumor
may hide in regions with high physiologic FDG activity, such
as lymphoepithelial tissue, which is found in the nasophar-
ynx, palatine tonsils, and base of the tongue [3]. However,
anatomical MR and CT imaging is also limited in this area
because lymphoepithelial tissue takes up contrast and is
hyperintense on T2-weighted images, and a tumor might be
unnoticed therein. One possible solution for this dilemma is
the use of diffusion-weighted imaging (DWI) as part of a
PET/MR protocol [4-7]. The cellularity of a tumor generates
a low apparent diffusion coefficient (ADC), representing a
contrast to normal lymphoepithelial tissue (Fig. 2).

The FDG uptake of a tumor is quantified at most institu-
tions as part of clinical routine [3]. This may be helpful for

following up the patient after radiation therapy or chemo-
therapy. No definitive threshold of the standard uptake value
(SUV) exists for the differentiation of benign tissue and
malignant tumors, for the differentiation of low-grade and
high-grade lesions, or for prognostication [3, 8—14].

Due to less interference of artifacts from dental hardware,
PET/MR is supposedly advantageous in the suprahyoid neck,
whereas PET/CT is less prone to movement and swallowing
artifacts occurring in the infrahyoid neck [15]. New MR
reconstruction algorithms aiming at metal artifact reduction
might further enhance the use of MR in the oral cavity [16].

Hybrid imaging is not routinely performed for the initial
staging of patients with small tumors or if there is no clinical
suspicion for nodal metastatic disease. Many centers perform
sentinel node single-photon emission computed tomography/
computed tomography (SPECT/CT) imaging using radiola-
beled nanocolloids for the assessment of the nodal stage in
patients with oral cavity cancers and oropharyngeal cancers.
The radiotracer is injected in peritumoral location, and hybrid
lymphoscintigraphic images allow for sentinel node mapping
and guide nodal biopsy [3]. Sentinel node biopsy is consid-
ered the only reliable presurgical approach for the identifica-
tion of micrometastatic deposits in lymph nodes [3, 17, 18].
PET may be falsely negative for nodal involvement if meta-
static lymph nodes are necrotic and have only a thin rim of
viable tumor tissue or if they are cystic [3, 19] (Fig. 2). This
is a common situation in patients with squamous cell carci-
noma in the oral cavity and oropharynx, with cystic metasta-
ses being particularly related to the presence of human
papillomavirus (HPV) subtypes 16 and 18, the latter to some-
what less extent. Therefore, the use of contrast-enhanced
imaging techniques is advised in the staging of head and neck
cancer patients. Cystic metastases may grow rapidly, and
response to radiotherapy is sometimes limited (Fig. 3). One

Fig.2 Patient with palpable lump in the neck on the right side. A cystic
lymph node metastasis with contrast enhancement of the rim
(a, asterisk) is seen on FDG-PET/MR, but no obvious tumor. Diffusion-
weighted imaging reveals a lesion with low apparent diffusion

coefficient (b, arrow) and high signal on the b800 image (¢, arrow) in
the right tonsil. Subsequent tonsillectomy and histopathology con-
firmed a human papillomavirus (HPV)16-associated squamous cell car-
cinoma arising from the right tonsil
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Fig.3 HPV16-associated right-sided hypopharyngeal carcinoma. The
tumor arises in the right piriform sinus and involves the right aryepi-
glottic fold (arrows), as seen on axial contrast-enhanced CT image (a)
and FDG-PET/CT image (b). A large cystic metastasis (asterisk) with

rare differential diagnosis to cystic lymph node metastases
with or without rim-like FDG uptake is branchial cleft cyst,
which may be FDG-avid when infected, when containing
lymphoid tissue, or when harboring neoplastic tissue [3, 20—
22]. In large nodes without evidence of necrotic areas, lym-
phoma should be considered as a differential diagnosis.
Unlike for the T staging, DWI as part of the PET/MR exami-
nation seems to offer no additional benefits for the N staging
and provides rather redundant information [3, 7].
Extracapsular spread (ECS) on imaging refers to the
macroscopic breach of the nodal capsule by tumor [3]. CT
and MR may identify contour irregularities of the lymph
node capsule (jagged or spiculated margins), stranding of
the surrounding tissue, or even direct infiltration of sur-
rounding structures by tumor [3, 23]. The presence of ECS
depends on the size of lymph node metastases. ECS occurs
in the majority of nodal metastases larger than 3 cm (approx-
imately 75 %), in a significant number of metastatic nodes

faintly FDG-avid rim is seen in the neck on the right side. Three weeks
later the metastasis has grown in size (asterisk), as seen on the contrast-
enhanced CT image (c¢). Another 6 weeks later, and after radiotherapy,
the metastasis (asterisk) has increased even more (d)

between 1 and 3 cm (up to 50 %), still in about one fifth of
nodes less than 1 cm, and may rarely be present in clinically
negative necks as well [3, 24-27]. ECS represents an adverse
prognostic indicator, but its presence does not change the
nodal stage.

The frequency of distant metastatic disease, mainly to the
lung, increases with the T stage and with the N stage [3]. The
presence of nodal metastases in the lower neck further
increases the possibility of distant metastases. Hybrid PET/
CT or PET/MR imaging is considered ideal for whole-body
staging. PET/CT is the optimal hybrid modality for address-
ing the lung parenchyma. Lung imaging is somewhat prob-
lematic with PET/MR, because the lung parenchyma
basically represents a black hole for MR. Several technical
solutions have been suggested to overcome this drawback,
e.g., breath-hold sequences and respiration-gated sequences
[3, 15, 28]. The current threshold of lung nodule detection in
clinical PET/MR ranges between 3 and 5 mm. However,
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Fig. 4 Patient with cervical lymph node metastasis from an unknown
primary tumor. Sagittal FDG-PET maximum intensity projection (MIP)
image (a) shows an FDG-avid mass (arrow) in the neck, extending from
the skull base to the level of the hyoid. The centrally necrotic mass
(arrows) involves the parapharyngeal space, masticator space, and sub-
cutaneous tissue on the right side, as seen on axial contrast-enhanced
FDG-PET/CT image (b). The top of the mass (c, arrow) resides below
the skull base at the level of the jugular foramen, which is infiltrated.

there appears to be no need for dramatization of the probably
somewhat inferior performance of PET/MR in lung nodule
detection compared to PET/CT. In oncological patients,
more than 98 % of FDG-negative subcentimeter lung nod-
ules are benign, and 97 % of all lung nodules missed by PET/
MR do not grow [29, 30]. Other common distant metastatic
sites are the brain, the liver, and the bone. There, PET/MR
might even offer advantages over PET/CT, particularly in the
brain and in the liver, where high physiologic FDG uptake
might obscure small metastases.

Several pitfalls need to be avoided in FDG-PET imaging of
the head and neck. Physiologic FDG uptake occurs in a number
of structures and in certain situations and should not be con-
fused with pathology [3]. In children there is more FDG-avid
lymphatic tissue in the adenoids, palatine tonsils, and lingual
tonsils than in adults. Of the major salivary glands, the sublin-
gual glands are usually most FDG-avid. Physiologic FDG
uptake might also be encountered in the soft palate due to the
abundance of salivary gland tissue there. Occasionally, the tip

Contrast-enhanced CT image (d) reveals an asymmetry of the tongue
(asterisk), with right-sided atrophy. Contrast-enhanced FDG-PET/CT
image (e) further reveals asymmetry of the trapezius muscles (white
arrow heads) and sternocleidomastoid muscles (arrows), as well as
right-sided loss of FDG uptake in the phonatory muscles (black arrow
head). These findings are suggestive for combined neuropathy of the
vagus nerve, accessory nerve, and hypoglossal nerve (constituents of
Collet-Sicard syndrome along with glossopharyngeal nerve palsy)

of the tongue appears FDG-avid. Uptake may also be seen in
the orbicularis oris muscle and in muscles of mastication if
patients were chewing during or shortly before the uptake
phase. Depending on previous movement and muscle activity
or if patients were positioned uncomfortably, uptake might be
seen in the scalene muscles, sternocleidomastoid muscles, and
prevertebral muscles. People who talked during the uptake
phase have FDG-positive vocal cords and phonatory muscles.
Unilateral FDG uptake in vocal cords, however, should raise
the question for a lesion of the recurrent laryngeal nerve on the
FDG-negative side or even complete vagal nerve palsy (Fig. 4).

Several benign lesions may be FDG-positive (Warthin’s
tumor, pleomorphic adenoma, schwannoma, branchial cleft
cysts, inflammatory pseudotumor). On the other hand, some
malignant tumors may be only faintly FDG-avid or even
FDG-negative (adenocarcinoma of salivary glands, acinic
cell carcinoma, chondrosarcoma, plasmacytoma).

Due to radiogenic inflammatory changes, FDG exams
should be postponed to at least 3 months after therapy [3].
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Local Staging

The radiological differential diagnosis for mucosal tumors
is most often trivial, since the vast majority of tumors
(more than 95 %) arising there is of squamous cell origin.
The most common exception to that rule is lymphoma,
which may arise from lymphoid tissue in Waldeyer’s ring
and may be accompanied by nodal disease in the neck.
Lymphoma may be indistinguishable from squamous cell
carcinoma based on morphological imaging characteris-
tics. Its cellularity results in a low signal on T2-weighted
images and a low apparent diffusion coefficient (ADC)
on diffusion-weighted imaging (DWI). However, unlike
carcinomas, lymphoma displaces rather than infiltrates
surrounding healthy tissue. One exception to that rule is
the somewhat frequent invasion of bone, which is seen in
many lymphomas primarily arising in the head and neck.
Additionally, lymphoma rarely exhibits intralesional
areas of necrosis, appearing hyperintense on T2-weighted
images, not even when lesions are large (Fig. 5). One
important exception to that rule is posttransplant lympho-
proliferative disorder (PTLD), which might show necrotic
changes.

Fig. 5 Lymphoma arising in the left tonsil (a, arrow), involving the
tongue base and the lateral wall of the oropharynx. An enlarged level 11
lymph node is seen on the left side (a, arrow head). Both lesions show

However, biopsy oftentimes precedes imaging, and histo-
pathology already revealed the nature of the tumor when the
patient is referred for radiological staging.

Throughout the upper aerodigestive tract, the TNM stag-
ing system is used to classify malignant tumors [31]. It rep-
resents the basis for treatment decisions, for prognostication,
and for therapy response assessment.

Besides imaging-based classifications of tumor extent,
there are other important factors that warrant consideration
when the treatment plan for a patient is laid: patient’s will,
comorbidites, and life expectancy.

T Staging

The staging of tumor extent basically reverts to the discrimi-
nation of stage T4b tumors from tumors with lower T stages.
This is because T4b tumors are considered not resectable,
while all remaining tumors are generally believed amenable
to surgical cure; some important exceptions applying (see
below). Certainly, T4b tumors per se are technically resect-
able, but a surgical approach would result in a very poor out-
come and severe functional disabilities of the patient. Items

a homogeneous density without evidence of necrosis, and intense FDG
uptake (b, arrow, arrow head). These imaging features are not specific
for lymphoma and may also be seen with squamous cell carcinoma



266

defining T4b stage are the same for all mucosal and extramu-
cosal cancers of the head and neck, except for nasopharyn-
geal carcinoma where the T4 stage is not subdivided. Each
one of the following three findings defines T4b stage and ren-
ders a tumor not resectable: infiltration of the prevertebral
fascia and/or prevertebral muscles, encasement of the internal
carotid artery or of the common carotid artery, and infiltration
of the mediastinum. This general rule is slightly modified
depending on the origin of the primary tumor. In the oral cav-
ity and oropharynx, infiltration of the skull base, invasion of
the pterygoid plates, and infiltration of the lateral pterygoid
muscle are also defined as T4b stage. Additionally in the oro-
pharynx, lateral extension into the nasopharynx is considered
T4b. Although infiltration of the prevertebral space and/or the
mediastinum is not explicitly mentioned in the T-staging sys-
tem of oral cavity and oropharyngeal cancers, presence of
these factors still would imply T4b stage. There is no break-
down of the T4 stage in T4a and T4b in the nasopharynx. T4
stage in the nasopharynx is defined as intracranial extension,
involvement of cranial nerves, or extension into the orbit,
masticator space, infratemporal fossa, or hypopharynx.

T4b-Defining Items

Infiltration of the Prevertebral Space

Such is given if the prevertebral fascia and/or muscles are
infiltrated by a tumor. The clinical diagnosis is comparably
easy, with unhindered motility of the posterior pharyngeal
wall and the retropharyngeal contents (or a tumor) against the
prevertebral fascial plane on palpation indicating absence of
infiltration. The diagnosis on cross-sectional imaging is more
difficult most of the time, unless continuous spread of tumor
to the vertebral column is seen. The most suggestive feature is
a complete obliteration of the prevertebral fat plane, which is
better appreciated on non-fat-suppressed MR images than on
CT. Other indicators of infiltration are an asymmetric thick-
ening of muscles and contrast enhancement and FDG uptake
of muscles (Fig. 6) [32, 33]. Since spillover artifact on PET
may mimic tumor extension across the prevertebral fascia,
correlation with morphological imaging is necessary.

Mediastinal Invasion

Mediastinal invasion is uncommon in head and neck cancer
and if occurring is limited to laryngeal and hypopharyngeal
carcinomas. Imaging characteristics of mediastinal invasion
are an obliteration of the mediastinal fat with contrast enhance-
ment, or FDG uptake with contiguous tumor. Also, asymmet-
ric thickening, contrast enhancement, and FDG uptake of the
wall of the mediastinal vessels and the esophagus should raise
the suspicion for mediastinal infiltration by a tumor.
Submucosal or mucosal infiltration of the proximal esopha-
gus, which is comparably easy to resect, is difficult to differen-
tiate from deeper invasion on imaging. If only the proximal
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2 cm of the esophagus is involved, curative surgery is still con-
sidered possible by most surgeons. Such would revert to a
stage T3 tumor (hypopharynx) or a stage T4a tumor (larynx).

Vascular Encasement

Vascular infiltration is assumed with circumferential tumor
contact of 270° or more or if there is an irregular narrowing
of the vessel due to contiguous tumor [34]. An obliteration of
the fat plane between the vessel wall and a tumor has also a
high positive predictive value [35]. In some instances of vas-
cular infiltration, contrast enhancement and/or focal FDG
uptake of the vessel wall is seen. However, these imaging
findings may also be seen with peritumoral inflammatory
infiltrates [36, 37].

Other T-Stage Issues

The classification of tumors into stages T1 to T4a is some-
what less pivotal than the differentiation of stage T4a and
stage T4b tumors. Although the assignment of stages T1 to
T4a impacts on the type of curative surgery the patient will
undergo if qualifying, it does not primarily preclude surgery
as with T4b tumors. Detailed tumor staging classifications
by site are provided in Table 1.

There are, however, certain factors that are not necessarily
part of the TNM staging system, but still might render a
tumor not resectable, independently of its T stage. It is there-
fore as important as with T4b-defining factors to scrutinize
the images for their presence. They consist of the following
items: invasion of the laryngeal cartilage, invasion of the pre-
epiglottic adipose tissue, perineural spread, orbital invasion,
bone infiltration, skull base invasion, infiltration of the dura,
and invasion of the brachial plexus [38].

Invasion of Laryngeal Cartilage

Owing to variable and often asymmetric ossification of the
laryngeal cartilage, evaluation of tumor invasion is challeng-
ing with any cross-sectional imaging modality [3, 39].
Cartilage invasion is given with visible erosion or osteolysis
of the cartilaginous skeleton on CT or MR or with perme-
ative growth of tumor from the paraglottic to the paralaryn-
geal space (transmural extralaryngeal spread). It may also be
assumed with contrast enhancement or focal FDG uptake of
the cartilage; however, such might also be seen in chondrora-
dionecrosis in a posttreatment setting, occurring in approxi-
mately 5 % of patients [40, 41]. Of note, sclerosis of the
cartilaginous skeleton seen on CT does not necessarily indi-
cate tumoral invasion, but might also represent reaction to
contiguous tumor or postradiogenic change [3].

Invasion of Preepiglottic Adipose Tissue

Such may be assumed when the preepiglottic is obliterated
or with contrast enhancement or focal FDG uptake in the
preepiglottic space. The presence of erosion of the hyoid
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Fig.6 Squamous cell carcinoma arising from the right-sided pharyn-
geal recess (fossa of Rosenmiiller) with extension across the midline, as
seen on contrast-enhanced FDG-PET/CT image (a, arrow). Presence of
prevertebral invasion is difficult to assess on contrast-enhanced CT
image because of low density contrast between tumor and prevertebral
muscles (b, arrow). T2-weighted MR image (c) displays loss of the

base is also a reliable indicator. Sagittal and/or axial
T1-weighted non-fat-suppressed MR images are helpful due
to signal intensity contrast between normal and infiltrated
adipose tissue [42]. CT also provides reasonable density
contrast in this region.

Perineural Spread

The combination of PET with contrast-enhanced MR is
probably the best-suited imaging approach to perineural
spread [3, 15, 43]. Features indicating perineural spread are
thickening of nerves, contrast enhancement or FDG uptake
along nerves, and loss of fat close to or within the foramina
of the neurocranium or viscerocranium. The latter may be

prevertebral fat plane on the right side (arrow), but preservation on the
left side (arrow head). Contrast-enhanced T1-weighted fat-suppressed
MR (d) further reveals a shaggy anterior margin of the right preverte-
bral muscles with contrast enhancement (arrow). MR features are sug-
gestive of prevertebral invasion, which was confirmed with clinical
examination

seen both with CT or MR, but MR is more sensitive. Post-
gadolinium images with or without fat suppression may be
used therefore. The first approach aims at eliminating the
T1w-hyperintense signal of adipose tissue in regions below
the skull base. However, this is often limited in the vicinity
of air-containing spaces (nasal cavity, paranasal sinuses,
mastoid air cells) due to field inhomogeneities elicited by
local changes in magnetic susceptibility, e.g., paramagnetic
properties of oxygen [44—46]. The second approach (without
fat suppression) respects the fact that the neural foramina of
the skull base are devoid of fat, and any T1w-hyperintense
signal on post-gadolinium images should be regarded as
potential tumor spread. Notably, enhancing tumor is seen as
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Fig. 7 Patient with right-sided facial nerve palsy and pain in the
cheek. Contrast-enhanced T1-weighted fat-suppressed coronal MR
image (a) shows a tumor in the deep lobe of the right parotid gland
(arrow). The mandibular nerve is thickened and enhances (black arrow
heads) along its course from the cavernous sinus via the foramen ovale
(white arrow head) to the masticator space. Axial contrast-enhanced
T1-weighted coronal MR image (b) confirms extensive perineural

intermediate to bright signal, and non-infiltrated fat retains
its very bright signal, which helps in differentiating both
instances despite the absence of fat suppression [44, 45].
Another feature indicating perineural spread is a widening of
foramina or canals of the skull base, although this is rather
considered a late event [47].

In most patients, perineural spread is already symptomatic
by the time it becomes evident on cross-sectional imaging [3,
46]. However, clinically evident perineural spread is often
missed by FDG-PET/CT imaging, particularly if the disease
burden is relatively small and if the radiologist is not familiar
with the anatomy of the skull base and the course of the cra-

spread (arrow heads) along the trigeminal nerve and its branches,
invading the infraorbital canal, foramen rotundum, cavernous sinus,
Meckel’s cave, prepontine cistern, and mid pons at the level of the root
exit zone of the trigeminal nerve. FDG-PET/CT images reveal uptake
in the right-sided masticator space, pronounced in the location of the
mandibular nerve (e, arrow), as well as in the right-sided prepontine
cistern and pons (d, arrow)

nial nerves. The presence of perineural spread in a patient
generally predicts a poor outcome (Fig. 7). Although adenoid
cystic carcinoma is notorious for its propensity to spread
along nerves, due to the overwhelming predominance of
squamous cell histology in head and neck cancer (more than
95 %), perineural spread is most commonly seen with squa-
mous cell carcinoma.

Perineural spread refers to the macroscopic extension of
tumor along a nerve and does necessarily imply growth along
the perineurium itself [3]. The nerve serves as a highway and
allows the tumor, representing a hitchhiker, to travel away
from its original site, taking an unexpected route that may
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lead to distant sites, sometimes far beyond the region of
planned surgical resection or irradiation [3, 44, 48]. This may
alter or even foil the treatment plan. In the head and neck,
perineural spread most often occurs along major branches of
the trigeminal nerve (maxillary nerve, foramen rotundum;
mandibular nerve, foramen ovale; inferior alveolar nerve,
mandibular canal) and facial nerve (stylomastoid foramen),
with the auriculotemporal nerve (behind the neck of the man-
dible) representing a shortcut between the mandibular nerve
and the facial nerve as well as the glossopharyngeal nerve.
Perineural spread may occur in an antegrade fashion, in a ret-
rograde fashion, or in both fashions at the same time [45, 46,
48]. If advanced perineural spread is encountered, sometimes
contiguous meningeal infiltration is seen, starting at the
involved skull base foramina, or even direct infiltration of the
brainstem at the level of the root entry/exit zones (Fig. 7).

The coexistence of imaging signs of accessory nerve infil-
tration, such as asymmetry of the sternocleidomastoid muscles
and the trapezius muscles, and recurrent laryngeal nerve
involvement, such as asymmetry of the vocal cords and lack of
FDG uptake in phonatory muscles of the affected side, or vagus
nerve involvement, such as unilateral relaxation of the soft pal-
ate, should prompt the search for a central lesion that could
cause simultaneous accessory nerve and vagus nerve palsy
(Fig. 4). Such lesions most of the time are lymph node metas-
tases with extracapsular extension below the skull base.
Sometimes, a nasopharyngeal cancer directly infiltrates this
deep. Another possibility would be a bone metastasis extending
into the jugular foramen. Primary lesions arising at the level of
the jugular foramen (glomus tumos, schwannomas, meningio-
mas) occasionally elicit such symptoms. The constellation of
palsies of the accessory nerve, vagus nerve, and glossopharyn-
geal nerve is termed Vernet syndrome; the latter palsy (N.IX)
usually yields no specific imaging signs and is unapparent. If
also the hypoglossal nerve is involved, this is then termed
Collet-Sicard syndrome. One-sided atrophy and/or fatty degen-
eration of the tongue represents the imaging correlates for uni-
lateral hypoglossal nerve palsy.

Orbital Invasion

Such is assumed with obliteration of the orbital fat planes or
with contrast enhancement or FDG uptake within the orbital
adipose tissue. One important pitfall here is spillover of FDG
activity from the external ocular muscles, especially if
patients did not close their eyes during uptake and acquisi-
tion or when a mismatch of PET and CT or MR images is
present [3]. Another uncommon pitfall in irradiated or post-
operative patients is myositis, which may also lead to a thick-
ening, contrast enhancement and FDG uptake of external
ocular muscles (Fig. 8). Lytic destruction of the medial wall
or floor of the orbit also suggests orbital invasion, but due to
the thin bone there, might be difficult to differentiate from
bone atrophy due to tumoral compression, if no soft tissue
mass is seen extending beyond the osseous confines into the
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orbit. Notably, it should be differentiated if only the medial
orbital wall is invaded or if there is invasion of the anterior
orbit or even tumor extent into the apex, with the latter item
indicating T4b stage. Further differentiation into extraconal
or intraconal disease and relation of tumor to the optic nerve
represent valuable information for the referring clinician.

Bone Infiltration

This is seen by erosion of bone on CT; by loss of fat-equiva-
lent signal intensity or density on MR or CT, respectively;
and by contrast enhancement on CT or MR [49]. Focal FDG
uptake of bone usually also indicates bone infiltration, but
might also be seen in instances of postradiogenic osteone-
crosis. Generally, bone infiltration is best assessed with thin-
slice CT images, reconstructed with a sharp kernel in bone
window display. As said above, bone infiltration by a tumor
might be hard to appreciate in regions where the bone is thin
and when no soft tissue mass is seen extending beyond the
bone. Invasion of the medullary cavity of bone is easily
assessed with MR due to its intrinsic high soft tissue contrast
that visualizes changes of signal intensity, with fatty marrow
being replaced by T1w-hypointense and T2w-hyperintense
tumor. However, superficial erosion of bony cortex is diffi-
cult to determine with conventional MR pulse sequences due
to the paucity of hydrogen molecules in this tissue. The event
of PET/MR has stimulated the demand for MR pulse
sequences capable of exactly delineating bony cortex for
attenuation correction purposes. Such novel MR pulse
sequences often use extremely short echo times and are
termed ultrashort echo time (UTE) sequences or zero echo
time (ZTE) sequences [50-53].

Skull Base Invasion

Both MR and CT are widely used to address skull base inva-
sion, however, with different advantages and disadvantages.
Due to the anatomy of the skull base, erosion of the bone is
sometimes missed on CT imaging, while MR may be more
sensitive and show signal changes in the spongiosa induced
by tumor. Another advantage of MR is the absence of beam-
hardening artifacts elicited by skull base bones [54-56]. On
the other hand, MR might be falsely negative where the skull
base is thin and no cancellous bone exists, whereas CT shows
lytic changes of the thin cortical bone. Contrast enhancement
and FDG uptake of the skull base may also be noted.
Spillover of activity from FDG-avid brain is considered an
important pitfall here [3]. Other findings indicating skull
base invasion are widened foramina and canals.

Infiltration of the Dura

A nodular thickening of the dura, contrast enhancement,
or FDG uptake of the dura may indicate dural infiltration
by a tumor. Linear thickening or contrast enhancement
might also be seen as a reaction to contiguous tumor after
radiation therapy, or after surgery in the vicinity of the
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Fig. 8 Follow-up imaging after radiotherapy and reconstruction of
the floor of the left orbit, which was infiltrated by a maxillary sinus
carcinoma. An FDG-avid mass is seen in the orbit right above the
reconstructed floor with surrounding stranding of the intraconal and
extraconal adipose tissue on coronal CT image (a, arrow) and coronal

surgical access path. More widespread nodular dural
enhancement is usually seen with infectious, inflamma-
tory, granulomatous, and idiopathic causes of pachymen-
ingitis or with normal pressure hydrocephalus, which
might incidentally coexist in head and neck cancer
patients and represent a differential diagnosis to dural

FDG-PET/CT image (b, arrow). Contrast-enhanced fat-suppressed
coronal MR image (¢, arrow) and FDG-PET/MR image
(d, arrow) lead to the diagnosis of myositis of the inferior rectus mus-
cle and no evidence of local tumor recurrence along the reconstructed
orbital floor

involvement by a tumor. Dural infiltration is best assessed
using contrast-enhanced MR. Due to the close relation-
ship of dura and FDG-avid brain, PET may have difficul-
ties in recognizing increased FDG uptake of the dura
(Fig. 9). Close to the skull base, CT is oftentimes limited
by beam-hardening artifacts [54-56].
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Fig. 9 Patient with EBV-associated poorly differentiated nasopha-
ryngeal carcinoma. Sagittal contrast-enhanced FDG-PET/CT image
(a) shows the tumor (arrow) extending from the nasopharynx via the
clivus (black arrow head) to the epidural space in retroclival location
(white arrow heads). Retroclival epidural invasion is also seen on
axial contrast-enhanced CT image (b, white arrow head), as well as
extension into the sphenoid sinus (gray arrow head) and dural infil-
tration in the middle cranial fossa (black arrow head), lateral and

= .

inferior to the cavernous sinus. Axial contrast-enhanced CT image
(c) (a few slices above the plane of image b) reveals that the temporal
dural infiltration (arrow head) is in continuation with the foramen
rotundum and inferior orbital fissure, where tumor is seen extending
into the orbit (arrow). Intraorbital extension on the right side is also
appreciated on axial contrast-enhanced FDG-PET/CT image (d) as
FDG-avid mass (arrow). However, dural invasion is obscured by
activity spillover from FDG-avid brain
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Invasion of the Brachial Plexus

Thickening of nerves, obliteration of fat between trunks,
divisions, and cords of the plexus, as well as contrast
enhancement and FDG uptake along nerves might indicate
tumor extending into the brachial plexus. Contrast-enhanced
MR (or PET/MR) is the modality of choice.

Sites and Subsites in the Head and Neck

Besides the extension into the deep, i.e., the infiltration of
neighboring anatomical structures and spaces, also the longi-
tudinal extension of tumor into other sites or subsites of the
head and neck is important for staging and pretherapeutic
assessment.

Almost all mucosal sites of the head and neck have sub-
sites, whose infiltration impacts on the T stage (Fig. 10).

The oral cavity has nine distinct subsites: the upper lip,
the lower lip, the anterior two thirds of the tongue (poste-
rior one third is an oropharyngeal subsite), the floor of the
mouth, the upper alveolar ridge, the lower alveolar ridge,
the retromolar trigone, the hard palate, and the buccal
mucosa. Some authors address the lips and alveolar ridges
as single subsites each, which makes a total of seven sub-
sites. The size of the tumor mainly defines the T stage,
whereas the involvement of subsites plays a role in surgical
planning (Table 1).

The oropharynx comprises five subsites: the posterior one
third of the tongue including the tongue base, the soft palate
including the uvula, the palatine tonsils together with the ton-
sillar pillars, the posterior and lateral oropharyngeal wall, and
the valleculae. Some authors also consider the lingual surface
of the epiglottis part of the oropharynx. As in the oral cavity,
tumor size matters most in the T staging, while the involve-
ment of subsites impacts on surgical planning (Table 1).

The situation is different in the hypopharynx. Here, inva-
sion of subsites is critical for accurate T staging (Table 1).
The hypopharynx has six subsites: the left and right piriform
sinus, the postcricoid area (the pharyngoesophageal junc-
tion), the left and right lateral hypopharyngeal wall, and the
posterior hypopharyngeal wall.

The supraglottic larynx has five distinct subsites: the ves-
tibular folds (false vocal cords) and the sinus of Morgagni
(upper laryngeal ventricle), the arytenoid cartilages, the
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suprahyoid portion of the epiglottis, the infrahyoid portion of
the epiglottis, and the aryepiglottic folds.

In the glottis, there are three subsites: the true vocal cords
together with the glottis muscles, the anterior commissure,
and the posterior commissure.

The subglottis is the larynx portion inferior to the true
vocal cords, extending from 5 mm below the free margin of
the true vocal cords to the inferior margin of the cricoid car-
tilage. The subglottis has no separate subsites.

In the nasal cavity and paranasal sinuses, subsites are the
septum, the floor, the lateral wall and the vestibule of the
nasal cavity, the right and left maxillary sinus, and the right
and left ethmoid sinus. The lateral wall of the nasal cavity
includes the three turbinates, the ostiomeatal complex, and
the nasolacrimal duct.

In the nasopharynx, subsites are not important for the T
staging, but play a role in presurgical assessment. Subsites of
the nasopharynx are the vault, the posterior nasopharyngeal
wall, and the lateral nasopharyngeal wall, which consists of
the torus tubarius (eustachian tube opening) anteriorly and
the pharyngeal recess (fossa of Rosenmiiller) posteriorly.

N Staging

Nodal Levels
The presence and extent of nodal metastases directly affect
patient management [3].

On cross-sectional imaging, nodal levels in the neck are
assigned according to the classification of Som et al., which
represents an imaging-based correlation with clinically
based nodal classifications [57]. Relevant anatomical struc-
tures, which serve as orientation for level borders, are the
jugular fossa, the inferior border of the corpus of the mandi-
ble, the mylohyoid muscle, the anterior belly of the digastric
muscle, the posterior boundary of the submandibular gland,
the internal jugular vein, the common carotid artery and
internal carotid artery, the lower border of the hyoid bone,
the anterior and posterior boundary of the sternocleidomas-
toid muscle, the anterior boundary of the anterior scalene
muscle, the lower margin of the cricoid cartilage, the upper
margin of the clavicle, and the top of the manubrium sterni.

»

Fig. 10 Patient with clinical suspicion of a carcinoma of the tongue on
the left side. Sagittal FDG-PET MIP image (a) shows an FDG-avid
lesion (arrow) in the oral cavity. Axial FDG-PET/CT image (b) con-
firms the presence of an FDG-avid tumor (arrow) in the sublingual
space the left side. The true extent of the tumor (arrow heads) is some-
what hard to identify on the contrast-enhanced CT image (c¢). Contrast-
enhanced CT (d) image at the level of the body of the hyoid bone
reveals size asymmetry of the submandibular glands (arrows), but no
pathologic FDG uptake is seen on corresponding FDG-PET/CT image
(e, arrows). The extent of the tumor in the tongue and sublingual space

is clearly better identified on axial fat-suppressed T2-weighted MR
image (f, arrow heads); the lingual septum is preserved. Axial and coro-
nal fat-suppressed T2-weighted MR images (g and h, respectively) at
the level of the sublingual glands shows dilation of Wharton’s duct on
the left side (arrow) (h). This is suggestive for tumor extension into the
floor of the mouth, as seen on coronal fat-suppressed T2-weighted MR
image (i) which reveals the craniocaudal dimension of the tumor (arrow
heads) arising from the sublingual space (arrow). This was a sublingual
carcinoma stage T2, extending into the tongue. Infiltration of the floor
of the mouth would render a tongue carcinoma stage T4a
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Fig.10 (continued)
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Level I: These nodes are located below the mylohyoid mus-
cle and above the inferior margin of the hyoid. The poste-
rior boundary of the submandibular gland represents the
posterior border of level I. Level IA nodes (submental
nodes) are found around the midline between the anterior
bellies of both digastric muscles. Level IB nodes (sub-
mandibular nodes) are located lateral to the anterior bel-
lies of both digastric muscles.

Level II: These nodes are part of the internal jugular chain
which is also referred to as deep cervical lymph node
chain. Level II extends from the base of the skull unto the
inferior border the hyoid bone. The anterior border of
level 1II is the posterior boundary of the submandibular
glands, and its posterior border is represented by the pos-
terior boundary of the sternocleidomastoid muscle. Level
II'is divided into IIA and IIB by the accessory nerve; since
this structure is not identified on imaging, the internal
jugular vein serves as an alternative. Level IIA nodes are
located anteriorly, laterally, or medially to the internal
jugular vein. Level IIB nodes are located posteriorly to
the internal jugular vein unless inseparable, then being
considered level IIA nodes by most authors. Some authors
consider retropharyngeal nodes as part of level ITA.

Level III: Between the inferior margin of the hyoid bone and
the inferior margin of the cricoid cartilage, the internal
jugular chain or deep cervical lymph node chain contin-
ues in level III. The posterior boundary of the sternoclei-
domastoid muscle represents the posterior border of level
II1, and its medial border is defined by the medial margins
of the common carotid artery and internal carotid artery.
These two arteries also represent the anterior border of
level III.

Level 1V: From below the inferior margin of the cricoid car-
tilage unto the superior border of the clavicle, the internal
jugular chain or deep cervical lymph node chain contin-
ues in level IV. As with level 111, the medial and anterior
borders of level IV are defined by the margins of the com-
mon carotid artery. The posterior border of level IV is
defined by the oblique line extending from the posterior
edge of the sternocleidomastoid muscle to the posterior
edge of the anterior scalene muscle.

Level V: This level contains the posterior neck triangle lymph
nodes. Some authors divide it into VA and VB with
respect to the inferior margin of the cricoid cartilage,
although this is usually not important for surgery. Level V
extends behind levels II-IV from the skull base to the
level of the clavicle.

Level VI: This level contains pretracheal, paratracheal and pre-
laryngeal (Delphian) nodes, which are located anterior to
the visceral space. Level VI is located anterior to levels III
and IV, being separated by the internal carotid artery and
common carotid artery. It extends from the inferior margin
of the hyoid bone to the top of the manubrium sterni.
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Level VII: Lymph nodes in this level are located in the supe-
rior mediastinum between the two common carotid arter-
ies, and below the top of the manubrium sterni.

Some important nodal groups are not included in this sys-
tem, such as the intraparotid lymph nodes, the preauricu-
lar lymph nodes, and the facial lymph nodes.

Implications for Nodal Staging

Nodal levels play an important role in pretherapeutic plan-
ning, but are not part of the TNM staging system. With the
exception of nasopharyngeal cancer, the exact anatomical
distribution of nodal metastases in the neck is not important
for the N stage. The presence of supraclavicular (considered
level IV by most authors) lymph node metastases indicates
an N3 stage in nasopharyngeal cancer. In all other carcino-
mas, only size (smaller than 3 cm, between 3 and 6 cm, larger
than 6 cm), number, and laterality (ipsilateral, contralateral,
bilateral) of nodal metastases define the N stage (Table 1).

Oral cavity carcinomas mainly metastasize to lymph
nodes in levels I through III. Drainage from the lip is bilat-
eral. Level IA nodes receive lymphatic afferences from the
central part of the lower lip, the apex of the tongue, and the
floor of the mouth. Their drainage is to level IB nodes and
level ITA nodes.

The tributaries of level IB are the cheek, the side of the
nose, the region of the canthus, the lips except the medial
part of the lower lip, the alveolar ridges, the hard palate, and
the anterior two thirds of the lateral aspect of the tongue.
Carcinomas arising in the retromolar trigone and floor of the
mouth have the highest predilection of nodal involvement
(approximately 50 %), followed by the oral part of the tongue
(approximately 40 %) [58]. Nodal involvement is least
common in cancers of the lip.

Oropharyngeal carcinomas disseminate usually to the
internal jugular chain (in levels II and IIT) and retropharyn-
geal lymph nodes. Overall, two thirds of patients with oro-
pharyngeal carcinomas present with cervical lymph node
metastases, with the base of the tongue having the highest
frequency, followed by the palatine tonsils, the oropharyn-
geal walls, and the soft palate and uvula [3, 58].

The hypopharynx has a rich lympathic network and drains
through the thyrohyoid membrane to level ITA and level 11
nodes and to level V nodes to some less extent. The posterior
pharyngeal wall typically tributes to lymph nodes below the
jugulodigastric node. If the tumor involves the lowest portion
of the hypopharynx, the pharyngoesophageal junction, lym-
phatic spread may occur to paratracheal (level VI) nodes.

Nodal drainage of the larynx varies by site. The supraglot-
tis is derived from the buccopharyngeal anlage and has a rich
lymphatic network. The glottis and subglottis are derived from
tracheobronchial buds and have fewer lymphatic vessels [3].
Therefore, lymph node metastases are more often found with
supraglottic tumors (more than 50 % have positive nodal stage,
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20 % have bilateral nodal involvement), whereas the majority
of glottic tumors present with stage NO (Nodal involvement in
stage T1 tumors, <2%; T2, 5% T3, 15-20 %; T4, 20-30 %).
The main lymphatic pathway of the supraglottis is to levels II
through IV. Since the true vocal cords are vastly devoid of
lymphatics, nodal spread generally does not occur until the
tumor has extended into the supraglottis or subglottis. In the
subglottis there are one anterior lymphatic pedicle and two
posterior lymphatic pedicles. The anterior one drains through
the cricothyroid membrane into level Il and IV or to level VI
(prelaryngeal and pretracheal nodes). The posterior chain
drains through the cricotracheal membrane to paratracheal
lymph nodes (level VI).

Carcinomas in the nasal cavity have an incidence of
approximately 10 % of nodal metastases at the initial presen-
tation. Drainage of the vestibule is to level I nodes and facial
and preauricular nodes. The paranasal sinuses are poor of
lymphatic vessels. Nodal spread occurs usually not until the
tumor has invaded the surrounding tissue. The first lymphatic
station is the retropharyngeal chain.

In the nasopharynx, the vast majority of tumors present
with lymph node metastases (approximately 90 %), which
are bilateral in about half of tumors. The main drainage
occurs to retropharyngeal lymph nodes.

Tumors arising in the parotid gland metastasize to intra-
parotid and periparotid lymph nodes, followed by an involve-
ment of levels I through III. Submandibular gland
malignancies mainly metastasize to levels I and II, followed
by level III.
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