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Foreword

Cancer treatment in the very complex head and neck region is largely depen-
dant on the nature of the lesion, its local extension and the stage of the tumor.
The rapid technological development of imaging, in recent years, provides us
with an increasingly detailed and reliable visualization of these pathological
features. For the treatment strategy as well as the management of the patient,
the role of the radiologist within the multidisciplinary team becomes more and
more important.

With this second edition of Head and Neck Cancer Imaging, we hope to
provide the radiologist with detailed clinical background on the head and neck
region in order to fully understand the clinical significance of imaging findings.
At the same time we hope to inform all other members of interdisciplinary
cancer treatment teams on the specific possibilities, advantages and limitations
which modern imaging technology provides for the detection, evaluation,
treatment, monitoring and follow-up of head and neck malignancies.

This book offers a comprehensive, up-to-date review of state-of-the-art head
and neck cancer imaging, including numerous illustrative graphics and images.

The editor, R. Hermans, of the radiological department of the Leuven
University, is an internationally recognized expert in head and neck radiology
and was already in charge of the very successful first edition of this book. The
authors of the individual chapters were invited to contribute because of their
outstanding experience and expertise and their major contributions to the
radiological literature on the topic.

I would like to thank the editor and all authors for their great efforts which
resulted in this excellent volume.

Miinchen Maximilian F. Reiser
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Preface

The head and neck is a region of considerable anatomical and functional
complexity, making the accurate staging of a head and neck neoplasm a chal-
lenging task. Many neoplasms in this region originate from the mucosa, and are
detectable by the clinician. However, the submucosal tumor extension, as well
as the possible regional and distant disease spread cannot be completely
assessed based on the clinical examination alone.

Modern imaging modalities visualize the head and neck structures to an
unprecedented level of detail. If carefully performed and interpreted, these
techniques allow a comprehensive evaluation of the extent of head and neck
neoplasms.

The radiologist is an important member of the multidisciplinary team
managing head and neck cancer patients. Recent and ongoing research is
enforcing the impact of imaging in oncologic patient care. These new devel-
opments are not only focusing on technical advances, such as PET-CT or dif-
fusion-weighted MRI. Also, the impact of existing imaging techniques in
treatment choice, in monitoring tumor response and following-up patients after
treatment has now been established.

This purpose of this book is to provide a comprehensive review of state-of-
the-art head and neck cancer imaging. Several distinguished head and neck
radiologists have contributed to this book, fully covering the field of advanced
imaging in the head and neck cancer patient.

Compared to the previous edition of this book, several chapters have been
rewritten, incorporating recent insights and knowledge. In other chapters, the
increasing role of metabolic and functional imaging is included in more detail
where appropriate.

Clinical-diagnostic techniques, as well as therapeutic strategies, also have
changed significantly over the past years; in this regard I would like to thank my
colleague-clinicians from Leuven who contributed to this book. Care has been
taken to situate the role of imaging within these developments.

The ultimate goal of all medical actions is to provide our patients with the
best possible therapy for their health problems. Hopefully this book contributes
to achieving this purpose.

Leuven Robert Hermans
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Introduction: Epidemiology, Risk Factors,
Pathology, and Natural History of Head
and Neck Neoplasms
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Abstract

This introductory chapter sets the scene for the
book by defining the complex domain in which
the head and neck radiologist is expected to make
his diagnosis. The epidemiology of epithelial and
non-epithelial head and neck tumors is discussed
representing up-to-date frequency measures. The
known risk factors are subsequently reported. After
that the clinical and pathological specifics of the
most frequent tumors are presented, along with the
expected natural history, so that the head and neck
radiologist is aware of the different stages of the
disease and the radiological “snapshots” that can
result from imaging at different points in the
evolution of the disease. Both macroscopic and
microscopic aspects are illustrated by to-the-point
clinical and light-microscopical pictures.

Head and neck cancer can be divided into two major
groups. The largest group, the epithelial malignancies
of the mucosal membranes of the upper aerodigestive
tract, is called head and neck squamous cell carci-
noma (HNSCC) and accounts for 90% of all head and
neck neoplasms (Greenlee et al. 2001). The second
important but smaller group are the “glandular
neoplasms”, arising in the thyroid and in the salivary
glands.

Skin cancer is considered a separate entity and so
is non-melanoma skin cancer of the head and neck.
Non-melanoma head and neck skin cancer includes
mainly squamous cell carcinoma and basal cell car-
cinoma, the latter being 3—4 times more frequent than
the former (IARC 2008a). Infrequent head and neck

R. Hermans (ed.), Head and Neck Cancer Imaging, Medical Radiology. Diagnostic Imaging, 1
DOI: 10.1007/174_2011_370, © Springer-Verlag Berlin Heidelberg 2012
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neoplasia include localized lymphoma, soft tissue and
bone sarcoma, and neuroectodermal tissue tumors
(paraganglioma, olfactory neuroblastoma, neuroen-
docrine carcinoma, malignant melanoma). For infor-
mation about these types we refer the reader to the
specific head and neck oncology literature.

In this introductory chapter the first paragraph
deals with epidemiology and risk factors of head
and neck neoplasms. An overview of the pathology and
natural history of the most frequent benign and malig-
nant head and neck neoplasms is outlined in the second
paragraph.

1 Epidemiology: Frequency
Measures and Risk Factors
1.1 Frequency Measure: Incidence
Head and Neck Cancer, excluding skin cancer and
Hodgkin and Non Hodgkin lymphoma localized in
the head and neck, is the sixth most frequent cancer
worldwide. The currently estimated world incidence
of epithelial malignancies of the mucous membranes
is over 600,000 new cases per year, and these are
160,000 laryngeal, 389,000 oral, and 65,000 pharyn-
geal cancer cases, resulting in 300,000 deaths yearly
(IARC 2008b). Thus, in 2008 6.8% percent of the
incidence of cancer could be attributed to these neo-
plasms (Ferlay et al. 2010). Likewise, in the European
Union 5% of the cancer burden was caused by oral,
pharyngeal, and laryngeal cancer, and 1% by thyroid
cancer (IARC CancerBase N°4 1999). Comparing
the two largest groups, HNSCC and thyroid cancer,
a definite gender difference in incidence is apparent.
As an example, the most recent world incidence of
laryngeal SCC shows a male—female ratio of 6/1,
whereas for incidence of thyroid cancer, the odds are
opposite with a ratio of 1/3 (Ferlay et al. 2010).
The incidence of thyroid cancer has been steadily
increasing in the last 40 years with a factor of 2.3,
mainly due to a rise in papillary thyroid cancer, while
the incidence of other types remained unchanged.
This rise is mainly due to better detection methods
and awareness, but also to a true rise in incidence as
reflected by an increased incidence of large tumors
and tumors displaying extrathyroidal extension
(Morris and Myssiorek 2010; Sipos and Mazzaferri
2010). The incidence of salivary gland cancer is at the

subpercentual level when looking at cancer in gen-
eral, but is responsible for between 1 and 7% of head
and neck cancer incidence (Kane et al. 1991; Spiro
and Spiro 2001).

There is an important geographical variation in head
and neck cancer incidence. A specifically high inci-
dence is observed in much of Southern Asia, Australia,
Brazil, Southern Africa, and parts of Central and
Southern Europe. Nasopharyngeal cancer typically
arises in southern China (Mehanna et al. 2010). The
incidence of hypopharyngeal cancer is typically
very high in Northern France (10/100,000 males/year)
as compared to e.g. the United States of America
(2/100,000 males/year). The incidence of laryngeal
cancer in Northern Spain (20/100,000/year) is about
200 times as high as compared to certain regions in
China (0.1/100,000/year) (IARC 1997; Hoffman et al.
1998). Besides probable differences in genetic sus-
ceptibility, a different prevalence of strong risk factors
(e.g. Calvados drinking, smoking habits) undoubtedly
explains these differences. In the same way, observed
differences in incidence among races (higher incidence
in African versus Caucasian Americans) (Day et al.
1993), and among men and women, can be largely
attributed to differences in risk factor exposure
(De Rienzo et al. 1991).

1.2 Risk Factors for the Development
of Head and Neck Malignancies
1.2.1 Risk Factors for Development

of HNSCC
The most important risk factor is chronic use of
tobacco (smoking and smokeless such as betel quid
chewing) and alcohol (Fig. 1). The reason that these
factors are so important is twofold: a strong associa-
tion with the disease on the one hand, and a very high
prevalence among the population on the other. They
are two independent risk factors that have been
shown clearly to act in a multiplicative way when
combined. Figure 2 shows that a 5.8 times increased
risk for development of oral and pharyngeal cancer
is observed in non-smokers who use 30 or more
drinks/week, a 7.4 times increased risk in smokers not
using alcohol with a history of 40 or more pack-years
(smoking 20 cigarettes/day during 40 years), whereas
the person combining the two has a 38 times
increased risk (Blot et al. 1988; Hashibe et al. 2007).
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Fig. 1 Smoking is the most prevalent and most powerful risk
factor for the development of HNSCC. A doubled incidence of
Warthin’s tumor of the parotid gland has also been observed

Conversely, after cessation of the use of tobacco,
the risk of oral mucosal dysplasia and cancer falls to
the level in the population that never smoked after
15-20 years (Marron et al. 2010; Morse et al. 1996).

A recent pooled analysis based on over 11,000
cases and 16,000 controls shows that approximately
72% of HNSCC cancers are attributable to these two
exposures, ranging from 64% for oral cavity cancer,
over 72% for pharyngeal cancer, to 89% for laryngeal
cancer. The strong interaction Blot et al. already
described in 1988 between the two exposures was
again confirmed (Hashibe et al. 2007).

The carcinogens in tobacco are nitrosamines,
polycyclic aromatic hydrocarbons, and aldehydes.
Nitrosamines are alkylating agents that induce muta-
tional events. Alcohol acts as a solvent and thus
enhances permeability of the mucosa for the toxic
substances in tobacco.

A direct effect of alcohol is ascribed to mucosal
enzymatic formation (alcohol dehydrogenase) of
the carcinogenic acetaldehyde. This was recently
supported by the finding that individuals homozygous
for the *2 allele of aldehyde dehydrogenase 2
(ALDH2), who do not support alcohol intake because
of their inability to metabolize acetaldehyde, have a

significantly reduced incidence of head and neck
cancer. People who have an efficient *1*1 homozy-
gous variant allele of ALDH2 do produce acetalde-
hyde and do develop HNSCC, whereas *1%2
heterozygous ALDH2 patients who have a sixfold
increased level of acetaldehyde in their blood fol-
lowing alcohol consumption due to a sixfold reduced
metabolism of acetaldehyde have the highest inci-
dence of HNSCC (Boccia et al. 2009).The sites that
are most at risk for alcohol induced carcinogenesis are
the oro- and hypo-pharyngeal mucosal surfaces
(Brugere et al. 1986), much more than the glottic
larynx, where only very high alcohol intakes can be
shown to independently increase HNSCC risk.

Indirectly, alcohol consumption brings along
intake of non-alcoholic carcinogenic compounds in
alcoholic drinks e.g. nitrosodimethylamine in beer
and tannin in wine. Furthermore, high intake of
alcoholic beverages entails nutritional deficiencies,
which in turn also increases the risk of HNSCC
development. With poor nutrition, the proven
protective effect of high intake of fruits and vegeta-
bles is lost. Indeed, a diet rich in fresh fruit and
vegetables is associated with a 50-70% reduction in
the incidence of HNSCC (De Stefani et al. 1999).
Especially dark yellow vegetables, citrus fruits (rich
in vitamin C) and the carotene-rich vegetables (fresh
tomatoes, carrots, pumpkins) are protective, mainly
due to antioxidant micronutrients in these vegetables
such as vitamin C, vitamin E, beta carotene, and
flavonoids (La Vecchia et al. 1997). Less proven
but also suggested protective is the use of olive oil
(Franceschi et al. 1999) and high fibre intake
(De Stefani et al. 1999). A recent study pooling
available data indicates a significant protective effect
of coffee drinking on the risk of developing oral and
pharyngeal cancer (Galeone et al. 2010).

Given the factors enumerated above, it is under-
standable that socio-economic status is strongly
associated with the development of HNSCC. A total of
75% of patients live in the lower social classes, in
terms of level of education and income. One in three
patients has no partner and one in six patients is
unemployed at the time of diagnosis. This social sit-
uation is a risk factor for having the direct risk factors
of tobacco, alcohol, and poor dietary habits. There
is also a lower level of oral hygiene. Once cancer is
established, people in lower socio-economic groups
will seek medical help later because of less education
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Fig. 2 Relative risk for
oropharyngeal cancer for
males according to amount
of tobacco and alcohol use.
(based on data from

Blot W], et al. Cancer
Research 1988; 48:3282-7,
with permission)

and more difficult access to the health system, and thus
will present with more advanced stages of disease.
Another reason for advanced disease at presentation lies
in the fact that often a significant part of caloric intake is
provided for by alcohol and thus symptoms such as
dysphagia for solid food will become problematic later.
Stage at presentation is the strongest negative prognostic
factor for outcome of treatment in HNSCC. Treatment of
the advanced stages of HNSCC often has a serious
impact on physical and psychological functioning. Great
effort is needed to adapt to the resulting altered body
image, to get integrated back into society, and also to
achieve the change in lifestyle needed to prevent
occurrence of second primary HNSCC. Unfortunately,
following treatment, patients in lower social classes are
often isolated to face this difficult challenge. Return to
occupation thus becomes an illusion for the majority of
these patients (Lefebvre et al. 2001). It is clear that a
lower socio-economic environment is a strong negative
prognostic factor for the oncologic results following
treatment, and also for survival in general because of the
impact of many of the comorbidities that result from the
previous way of living (pulmonary insufficiency, ath-
erosclerosis, liver disease, etc.) (Robertson et al. 2010).

Recently the role of genetic predisposition, previ-
ously suggested by small studies, has been confirmed.

A family history of HNSCC in a first degree relative
is associated with a 1.7 fold increased risk of devel-
oping the disease (Conway et al. 2009). This is
attributed to polymorphisms in genes encoding
enzymes for the metabolism of tobacco and alcohol,
reduced metabolism implying an increased risk of the
disease. A meta-analysis of 31 studies showed that a
polymorphism in GSTM 1, which encodes glutathione
S transferase, involved in the metabolism of xenobi-
otics, was associated with a 1.23 increased risk of
developing head and neck cancer (Hashibe et al.
2003). In the same way ALDH2 zygozity has been
linked to differences in HNSCC development, as
previously outlined (Boccia et al. 2009).

Viral infections also have been implicated in the
carcinogenesis of HNSCC (Franceschi et al. 1996).
Human Papilloma Virus (HPV) DNA is in the
spotlight nowadays and held responsible for the
recently observed increased incidence of oropharyn-
geal squamous cell carcinoma. This incidence showed
no change between 1975 and 1999 but increased by
22% between 1999 and 2006 in the United States. The
United Kingdom has seen a 51% increase in oral and
oropharyngeal squamous cell carcinoma in men. This
increased incidence seems accounted for by a rise in
HPV-related oropharyngeal carcinoma, itself related to
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altered sexual behavior (Heck et al. 2010). In a recent
trial 64% of oropharyngeal cancers included were found
to be HPV positive and these had a significantly better
treatment outcome (Ang et al. 2010). Epstein—Barr
Virus (EBV) is strongly associated with nasopharyngeal
cancer. EBV antibody titres are much higher in cases
than in controls, and biopsy specimens of undifferenti-
ated nasopharyngeal carcinoma patients are 100% EBV
positive and monoclonal as to this virus (Jeannel et al.
1999). EBV titres following treatment are used to
monitor patients for disease recurrence. Patients infected
with the human immunodeficiency virus (HIV) are at
higher risk of developing HNSCC and Kaposi’s
sarcoma.

Among environmental factors, chronic sun expo-
sure induces skin and lip cancer. Occupational factors
have been implied in HNSCC development. Working
in industries associated with higher exposure to
aromatic amines and phenoxy herbicides confines an
elevated risk for all sites. A specific strong association
has been repeatedly described between specific
industries and the development of sinonasal cancer.
The rate of development of SCC of the sinonasal
tract is increased 250 times in workers exposed to
nickel (Pedersen et al. 1973).Working with wood in
environments without an aspiration system for dust
particles results in a 500-1,000 fold increase in the
baseline incidence of sinonasal “intestinal type”
adenocarcinoma and has led in several countries to
the recognition of this cancer as an occupational
disease and to stringent safety precautions to mini-
mize dust exposure (Acheson et al. 1968).

1.2.2 Risk Factors for Development
of Glandular Neoplasms

Radiation exposure is the only firmly established
environmental risk factor for the development of
thyroid carcinoma. The information comes from
scrutinized follow-up of atomic bomb survivors in
Japan and atomic disaster survivors in Chernobyl
(UNSCEAR 2000). Typically, a low-dose exposure
(e.g. about 3 Gy) results in the development of mainly
papillary thyroid carcinoma, some 5-10 years later.
The risk follows a linear dose—effect relationship and
the incidence can be increased by more than 30 times
(Drozdovitch et al. 2010).

Radiation exposure also results in an increased
incidence of both benign (Warthin’s tumour) and
malignant (mucoepidermoid carcinoma) salivary

gland tumors in follow-up studies in the same cohorts
(Saku et al. 1997). For Warthin’s tumor, also a dou-
bled incidence has been observed in smokers versus
non-smokers (Gallo and Bocciolini 1997). Epstein—
Barr Virus has been implicated in the genesis of
bilateral Warthin’s tumors and undifferentiated
carcinoma of the salivary gland (Gallo 2001).

2 Pathology and Natural History
of Frequent Benign and
Malignant Head and Neck
Neoplasms

In tumor pathology, tumor typing is the first important
subject. Within different tumor types, the second
subject is detection of features with prognostic
significance, such as grading, perineural, or vascular
invasion, and radicality of resection margins.
Regarding histological typing of head and neck
neoplasms, it has already been mentioned that a far
majority consists of HNSCC. A detailed discussion of
all tumor types encountered in the head and neck is
beyond the scope of this chapter and for this the
reader is referred to the surgical and pathological
literature. What follows is an overview of the clinical
course and pathological specificities for the most
frequent tumor types.

2.1 Epithelial Neoplasms of the Mucous
Membranes
2.1.1 Tumor Typing and Clinical Behavior

2.1.1.1 Benign Lesions

Benign papillary lesions are less frequently a reason
for seeking medical attention than malignant and
premalignant lesions. Oral, pharyngeal, and lar-
yngeal sites can display squamous papillomas,
which are white lesions with a wart-like appearance
with no signs of deeper invasion. Part of these
lesions (e.g. juvenile laryngeal papillomatosis) have
been ascribed to HPV, type 6 and 11. Sinonasal
papillomas are also called Schneiderian papillomas
and can be exophytic, endophytic (inverted), or
oncocytic in presentation. Especially the inverted
papilloma is considered premalignant (Fig. 3). Most
symptomatic epithelial neoplasms of the mucous



V. Vander Poorten

Fig. 3 Inverted papilloma (arrow) of the maxillary sinus being
removed by Caldwell-Luc approach (antrostomy:arrowheads)

Fig. 4 Erythroplakia (arrowheads) with areas of nodular
leukoplakia (arrows) of the tonsil, glossotonsillar sulcus,
anterior tonsillar pillar, and hard and soft palate

membranes of the upper aerodigestive tract that
bring patients to the doctor will turn out premalig-
nant or malignant.

2.1.1.2 Premalignant Lesions

Premalignant lesions will often not be visualized on
routine imaging studies. Macroscopically, we con-
sider leukoplakia and related lesions: homogeneous
leukoplakia versus non-homogeneous leukoplakia
(nodular leukoplakia, erythroplakia, proliferative
verrucous leukoplakia; Fig. 4). On the microscopical
level epithelial hyperplasia, dysplasia, and carcinoma
in situ can be discerned.

Leukoplakia is a descriptive clinical term used to
describe “a white plaque or patch that cannot be
characterized, clinically or histopathologically, as any
other disease”(World Health Organization Collabo-
rating Centre for Oral Precancerous Lesions 1978).

Furthermore, in order to be designated as leukoplakia,
the lesion should not be associated with any known
physical (frictional keratosis, candidal leukoplakia) or
chemical agent, except tobacco. It should also be
impossible to scrape off the lesion.

Homogeneous leukoplakia is histologically either
hyperortho- or hyperpara-keratosis and rarely shows
dysplasia. Less frequent is non-homogeneous leuko-
plakia (nodular leukoplakia, erythroplakia, prolifera-
tive verrucous leukoplakia), mostly associated with
dysplasia and thus much more at risk for becoming
really malignant (Batsakis 2003). Dysplasia can be
“mild”, meaning that there is an increased number of
mitotic figures and an abnormal cytologic appearance
(loss of an orderly nuclear mosaic pattern, decreased
nuclear/cytoplasmatic ratio, and an irregular random
nuclear placement) only in the basal epithelial layer,
whereas suprabasal mitosis and cytologic abnormality
indicates “moderate” dysplasia. In “severe” dysplasia
the atypical cells with mitotic activity can be observed
everywhere from the basal to the superficial layers. The
yearly malignant transformation rate of homogeneous
leukoplakia is between 2 and 6% and is higher as the
patient is older, female, and as the lesion persists for a
longer time. The malignant transformation rate in non-
homogeneous (speckled) leukoplakia and erythropla-
kia is more than 50% (Silverman et al. 1996).

2.1.1.3 Malignant Lesions

Less frequent specific clinical entities are verrucous
carcinoma, papillary SCC, basaloid squamous cell
carcinoma, and sarcomatous SCC, increasingly
aggressive in that order. Verrucous carcinoma is an
exophytic papillomatous low grade SCC, very well
differentiated, without potential for regional or distant
metastasis (Medina et al. 1984). Papillary SCC displays
an exophytic growth with a poorly differentiated cell
layer lining a central fibrovascular core. Its behavior is
more aggressive than verrucous carcinoma, wherein
metastasis is observed. Basaloid SCC and sarcomatoid
SCC are highly aggressive SCC variants.

Most HNSCC are simply called “invasive squa-
mous cell carcinoma” and can be graded into well,
moderately, and poorly differentiated, paralleling the
amount of keratin formation by cells. SCC cells by
definition produce intercellular bridges. (Figs. 5, 6)
Absence of these bridges is one of the features of
undifferentiated SCC. This type of tumor occurs most
frequently in the nasopharynx and is often diagnosed
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Fig. 5 Hemiglossectomy for ulcerative and deeply invasive
well-differentiated squamous cell carcinoma of the lateral
tongue (arrowhead). Specimen in continuity with radical neck
dissection (arrow)

Fig. 6 Microscopical appearance of the same tumor. Note the
diffuse infiltrative aspect of the tumor islets (arrows), the dense
mononuclear inflammatory reaction (arrowhead), and the
formation of keratin pearls (hollow arrows) Picture courtesy
of Prof. Raf Sciot

because of massive neck lymph node metastasis
already present at initial diagnosis, frequently bilat-
erally, and involving the posterior neck (region V).

2.1.2 Natural History Before

and at Diagnosis
The presenting symptoms of HNSCC depend very
much on the site of origin within the head and neck
and the functions that thus are interfered with.
Table 1 lists the typical alarming symptoms that

Table 1 Alarming symptoms and signs urging specialist
referral

Symptoms

Throat pain

Hoarse voice

Swallowing impairment

Neck lump

Unilateral ear pain—hearing loss
Stridor

Epistaxis—haemoptoe

Unilateral nasal obstruction

Signs

Cranial nerve palsy (recurrent laryngeal, abducens,
sympathetic chain, facial,...)

Red or white patch on oral mucosa
Ulceration of mucous membranes
Swelling

Unilateral serous otitis

Prooptosis

Neck lump

Skin infiltration

Hypoesthesia (mental nerve, infraorbital nerve,...)

demand urgent specialist referral. Many patients with
oral and pharyngeal cancer will present at an
advanced disease stage, because of the late occur-
rence of symptoms and the social situation with more
difficult medical access. Patients with glottic cancer
tend to present at earlier stages, given the rapid voice
disturbance of even a small vocal cord lesion. Early
glottic cancer is also not likely to result in regional
metastasis and thus often has a good prognosis fol-
lowing radiotherapy or surgery, with 5-year survival
rates of 70-100% (Lydiatt and Lydiatt 2001).
Advancing stage, and origin of SCC in other ana-
tomical subsites of the upper aerodigestive tract, are
associated with lesser chances for successful treat-
ment, and for the specifics the reader is referred to the
specific head and neck oncological literature.

2.1.3 Natural History Following Diagnosis
and Successful Treatment
of Malignant HNSCC
The annual incidence of second primary cancer
following successful treatment of an index HNSCC
is 3-7%. A known feature in HNSCC is field
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cancerization of the upper aerodigestive tract: several
synchronous and also metachronous primary carcino-
mas and areas of moderate to severe dysplasia—carci-
noma in situ are observed with areas of normal mucous
membranes in between. This is caused by exposure of
the entire upper aerodigestive tract to the same carcin-
ogens—usually combined alcohol and tobacco. Patients
are especially at risk of developing lung cancer, esoph-
ageal and gastric cancer, and a new localization of
HNSCC. A change in lifestyle is essential to decrease the
incidence of second primaries, but this is often compli-
cated by the social context of the patient.

2.1.4 Microscopical Negative Prognostic
Findings

Table 2 lists the important findings to routinely deter-
mine during microscopical analysis following resec-
tion of a primary HNSCC and its regional lymph nodes.
These features carry a worse prognosis and thus con-
tribute to the decision making on the need for further
therapy, c.q. postoperative (chemo) radiotherapy.
Many of these parameters (cCTNM classification, peri-
neural growth, tumour thickness, extracapsular spread
in metastatic lymph nodes) can already be strongly
suspected on a preoperative high quality imaging study.

2.2 Glandular Neoplasms

2.2.1 Thyroid Neoplasia
2.2.1.1 Benign Disease: Multinodular
Enlargement

Benign multinodular goitre affects almost one in three
persons worldwide (Delange 2000). Iodine deficiency
is the most frequent contributory factor. In areas where
iodine supply is sufficient, the prevalence of clinically
detectable goitres is less than 4%, and results from
elevated Thyroid Stimulating Hormone (TSH) levels or
from elevated stimulation of the TSH receptor (such as
in Graves’ disease and nonatrophic Hashimoto’s
goitres). Most patients with multinodular goitre are
asymptomatic. Medical concerns arise when com-
pressive symptoms appear (Fig. 7), when autonomous
hyperfunction appears, or when malignancy is feared.
The latter is feared in rapidly enlarging goitres,
enlarging lymph nodes, especially in patients with prior
radiotherapy to the neck, or when fine needle aspiration
cytology (FNAC) of dominant nodules indicates

Table 2 Histopathological negative prognostic factors in
HNSCC

(p)TNM classification (Size of primary tumor, number/
laterality of positive nodes, size of largest node)
Vascular invasion

Perineural growth

Resection margins (e.g. <5Smm is considered “close margins”
in oral cancer)

Thickness

Invasive front

Differentiation

Exophytic versus endophytic growth pattern

Field cancerization

Mitotic index

Presence of extracapsular spread in metastatic lymph nodes

Fig. 7 Large multinodular goitre with pharyngeal, esophageal,
and tracheal compression

papillary carcinoma or a microfollicular lesion. A
microfollicular lesion can be follicular carcinoma in
about one in ten patients. Ultrasound is crucial in deter-
mining which nodule in a multinodular goitre merits
evaluation by FNAC (Cooper et al. 2006; Frates et al.
2005) (see “ Thyroid and Parathyroid Neoplasms™).
Macroscopically, following thyroidectomy, we usu-
ally see a polynodular, soft, and globally enlarged
thyroid gland (Fig. 8). There may be one or more
larger nodules which deserve subsequent microscopi-
cal analysis. Up to 70% of hyperplastic nodules are
clonal, neoplastic proliferations (Kopp et al. 1994).
Microscopically, within the nodules, there is a varied
pattern of large and small follicles, usually with
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Fig. 8 The same goitre following resection

abundant colloid. There is an often oedematous
stroma with fibrosis, macrophages, hemosiderin, and
calcifications.

2.2.1.2 Benign Disease: Uninodular Enlarge-
ment—the Solitary Thyroid Nodule

Any clinically visible or palpable nodule, and “any
discrete macroscopic intrathyroidal lesion clearly
distinguishable from the adjacent normal thyroid
parenchyma” on ultrasonography or Technetium
scanning should lead to actions to estimate the chance
of malignancy (Hay and Klee 1993). As for multi-
nodular goitre, the next step will be an ultrasound
guided FNAC in any nodule showing worrisome
features. A solitary thyroid nodule can be a degen-
erative lesion such as a cyst or a degenerative colloid
nodule, or a benign or malignant neoplastic lesion.
The global incidence of cancer in patients with a
thyroid nodule is 10%, increasing for women or men
older than 50 to 30 and 45% respectively (Tezelman
and Clark 1995). The rest will be benign, where nine
out of ten will be follicular adenomas, the remainder
being mostly Hiirthle cell adenomas. Macroscopi-
cally, adenomas are well demarcated from the adja-
cent parenchyma, and fleshy and pale, sometimes
cystic or hemorrhagic on cut surface. The microscopic
appearance of a solitary adenomatous nodule displays
large and small follicles with a lot of colloid and a
stromal component with hemosiderin, macrophages,
fibrotic changes, and often calcifications. A Hiirthle
cell variant displays oncocytic cells, with an intensely
eosinophylic cytoplasm due to a lot of abnormal
mitochondria, and large vesicular nuclei.

Fig. 9 Thyroidectomy specimen showing papillary carcinoma
on cut surface in the left lobe and the isthmus. Posterior view.
The specimen is inked to assess resection margins

2.2.1.3 Malignant Disease

An important issue in suspected malignant thyroid
disease is the avoidance of iodine containing contrast
medium in imaging studies for thyroid Iesions.
“Differentiated thyroid cancer” (see below) are
tumors concentrating iodine due to preserved
expression of the sodium-iodine symporter (NIS).
They hence can be effectively and selectively treated
with radioactive iodine. This treatment, however, will
be delayed by about 3 months following an imaging
study using iodine contrast medium, due to saturation
of the iodine binding capacity of the targeted thyroid
cancer cells.

Generally, a distinction is made between “differ-
entiated thyroid cancer” with a relatively good
(papillary, follicular, mixed papillary follicular car-
cinoma) to intermediate (Hiirthle cell carcinoma)
prognosis, and cancers with worse (medullary thyroid
cancer) to fatal prognosis (anaplastic thyroid cancer).
Of malignant tumors, the thyroid harbors both the
tumors with the best (papillary) and the worst
(anaplastic carcinoma) prognoses.

2.2.1.4 Papillary Thyroid Cancer

Papillary cancer is the most frequent thyroid cancer
(85% belong to this group) (Sipos and Mazzaferri
2010). Overall women are affected three times more
frequently than men. The clinical picture is usually a
symptomless thyroid swelling, although enlarged
lymph nodes may be the presenting feature (Fig. 9).
Indeed, regional metastasis to the paratracheal (level
VI-VII) and cervical (level II, III, and IV) lymph
nodes is observed in one out of two patients at
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Fig. 10 Functional neck dissection specimen showing a
typical black cystic metastatic neck node of papillary thyroid
carcinoma (arrow)

presentation (Fig. 10). Distant metastasis usually
occurs late in the disease course.

Following thyroidectomy, macroscopically typical
features are multifocality and bilaterality, occuring in
up to 87% of specimens (Russell et al. 1963). Lymph
node metastasis is often cystic and dark bluish in
appearance (Fig. 10).

Microscopically only 3% is true papillary carci-
noma and 97% is “follicular variant of papillary
carcinoma”. Both forms have an equally good prog-
nosis, with overall up to 95% of patients surviving
20 years following treatment (Hay and Klee 1993).

Essential for the diagnosis are the papillae with a
central fibrovascular core and an epithelial lining
showing the typical nuclear features with overlapping
nuclei and nuclear grooves, making an FNAC diag-
nosis possible. Psammoma bodies, calcific concretions
with concentric laminations, are observed in about 1 in
2 of these tumors, mostly already on FNAC. (Fig. 11).

Genetically, about 39% of papillary cancers dis-
play a BRAF proto-oncogene mutation. This aspect
was extensively studied by many authors and found
associated with extrathyroidal extension, multicen-
tricity, advanced stage, nodal metastasis, advanced
age at presentation and higher frequency of recurrent
or persistent disease. Other authors, however, were
not able to confirm this negative prognostic effect of a
BRAF mutation.

Fig. 11 Microscopical appearance of papillary thyroid cancer.
Psammomabody (arrow) and papillary growth pattern (arrow-
heads). Picture courtesy of Prof. Raf Sciot

Rare subforms of papillary cancer with definite
worse prognosis are the “tall cell” and “insular”
variants (Sipos and Mazzaferri 2010).

2.2.1.5 Follicular Thyroid Cancer

About one in ten thyroid malignancies are follicular
These are macroscopically solitary,
encapsulated tumors. The features discriminating them
from their benign follicular adenoma counterparts are
microscopical vascular invasion and full thickness
capsular invasion into the adjacent normal thyroid
parenchyma. To be able to search the entire capsule for
areas of invasion, all solitary nodules where FNAC
suggests a “follicular lesion”, should be excised with
capsule and surrounding thyroid tissue. A minimal
capsular invasion defines a subgroup of minimally
invasive follicular carcinomas, behaving essentially as
follicular adenomas. The tendency for vascular inva-
sion in invasive follicular carcinoma explains that
metastasis is primarily haematogenous to the lungs and
the bones, rather than to the cervical lymph nodes, as
observed in papillary cancer. Prognosis is somewhat
less than for papillary carcinoma, with an overall
20-year survival of 81% (Shaha et al. 1995).

carcinomas.

2.2.1.6 Hirthle Cell Carcinoma

Hiirthle cell carcinomas are also solitary, encapsu-
lated tumors that are distinguished from their benign
counterparts by the presence of capsular and vascular
invasion. They have an intermediate prognosis of
about 65% 20-year survival (Shaha et al. 1995).
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2.2.1.7 Medullary Carcinoma
Somewhat less than one in ten are medullary thyroid
carcinomas (MTC). MTC is a malignant tumor of the
calcitonin-secreting parafollicular C cells. These cells
are embryologically maximally located in the upper
two-thirds of the thyroid and this explains that tumors
are usually found in that upper part of the gland. The
tumors can occur in a usually unifocal sporadic form
presenting in the age group of 40-60 years and con-
stituting about 80% of MTC. An autosomal dominant
hereditary form, due to a mutation in the Retino-
blastoma (RET) proto-oncogen, can occur within the
framework of Multiple Endocrine Neoplasia syn-
dromes (MEN 2a: MTC, phaeochromocytoma, and
parathyroid hyperplasia and MEN 2b: MTC, phaeo-
chromocytoma and multiple mucosal neurinomas) or
as familial medullary thyroid cancer (FMTC) without
associated endocrinopathy. These hereditary forms
usually occur earlier in life and are often multifocal in
both thyroid lobes. In patients with MTC, lymph node
metastasis, often bilateral, is frequently present at
diagnosis and has a negative prognostic impact.
Microscopically, the diagnosis is suggested by the
presence of amyloid and confirmed by immunostain-
ing for calcitonin, chromogranin an carcino embry-
onic antigen (CEA). The 20-year survival following
adequate treatment of MTC is about 65% (Moley
1995).

2.2.1.8 Anaplastic Carcinoma

About 5% of thyroid cancers are anaplastic carcinomas.
This is a highly lethal variant which is rapidly pro-
gressive and almost universally fatal. Patients are
usually 60-75 years old and present with a rapidly
enlarging mass in the neck. Frequently, at presenta-
tion there are already signs of invasion of the sur-
rounding structures: hoarseness due to recurrent
laryngeal nerve paralysis, respiratory obstruction
following tracheal compression or invasion, dyspha-
gia due to esophageal invasion. Surgical treatment is
almost never satisfactory and can only exceptionally
be considered in the rare patient where disease is still
intrathyroidal. Most patients are treated with radio-
therapy with or without chemotherapy and survival is
measured in months (Fig. 12).

The clinical diagnosis can sometimes be confirmed
by FNAC, but often an incisional biopsy is performed
to rule out thyroid lymphoma. Macroscopically, the
surgeon performing an incisional biopsy sees a gray,

Fig. 12 Anaplastic thyroid carcinoma, growing through the
dehiscent incision of the previous biopsy, during the radiother-
apy. Note the tattoo on the skin of the patient demarcating the
radiation field (arrows)

hard, necrotic, and hemorrhagic tumor. Microscopi-
cally, there is a high mitotic index, marked cellular
pleomorphism, necrosis, and tumor extension in blood
vessels.

2.2.2 Salivary Gland Neoplasia

A distinction is made between the paired major sali-
vary glands (parotid, submandibular, and sublingual)
and the minor salivary glands. The latter are the
500-1,000 seromucous glands that are found
throughout the entire upper aerodigestive tract, loca-
ted in the oral cavity including lips, floor of mouth,
cheek mucosa, tongue, soft and posterior hard palate,
but also the nasal cavity, paranasal sinuses, naso-
pharynx, middle ear, Eustachian tube, oropharynx,
hypopharynx, and even trachea (Ellis and Auclair
1996a). The majority of tumors (64-80%) arise in the
parotids, 15-32% of which are malignant. Seven to
11% arise in the submandibular glands, 41-45%
being malignant. Less than 1% of salivary gland
tumors occur in the sublingual gland, most of these
(70-90%), however, are malignant. Minor salivary
gland tumors form 9-23% of the entire group, one in
two being malignant (Ellis and Auclair 1996b). This
observation results in the didactic rule “the smaller
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the salivary gland, the less frequent a tumour arises in
it, but the more frequently malignancy is involved”.

2.2.2.1 Tumor Typing and Clinical Behavior

The extensive list of salivary gland tumor types is
listed in Table 3, which is based on the 2005 World
Health Organization Classification (Barnes et al.
2005). The key features of the most frequent benign
and malignant types are briefly presented.

2.2.2.2 Benign Tumors

Pleomorphic Adenoma

Pleomorphic adenoma is definitely the most frequent
salivary gland tumor and accounts for up to 70% of
parotid tumors, 50% of submandibular salivary gland
tumors, 35% of the minor salivary gland tumors, and
6% of sublingual tumors (Ellis and Auclair 1996b).
Patients typically present with a long-standing, pain-
less swelling (Fig. 13). Macroscopically, the tumor is
well delineated from the normal salivary tissue, and
this explains the old bad surgical practice to “shell
the tumour out”. The tumor is gray to white and
lobulated on cut surface (Fig. 14). Microscopy shows
a “mixture” of epithelial and mesenchymal (stromal)
components in a varying combination and this
explains the name “pleomorphic” adenoma or
“mixed” tumor (Fig. 15). The tumor is notorious for
recurring, often in a multinodular way, following
inadequate surgery. A 2-23% rate of becoming
malignant, the so-called carcinoma ex pleomorphic
adenoma, has been reported (Gnepp 1993). The rate
of malignant degeneration increases with time of
presence of the lesion (Eneroth and Zetterberg 1974).

Warthin’s Tumor

Warthin’s tumor is the second most frequent benign
salivary gland tumor. It occurs exclusively in the
parotid gland and the adjacent level II lymph nodes.
Between 6 and 10% of parotid tumors are Warthin’s
tumors (Ellis and Auclair 1996b). There is a male to
female preponderance of 5 to 1. Warthin’s tumors can
occur bilaterally in about 10% of patients (Heller and
Attie 1988). Microscopically, there is typically a two-
layered eosinophylic epithelium and a lymphoid
stroma, hence the name adenolymphoma.

Table 3 The WHO 2005 histologic classification of benign
and malignant salivary gland tumors (Barnes et al. 2005)

Adenomas

. Pleomorphic adenoma

. Myoepithelioma (myoepithelial adenoma)
. Basal cell adenoma

. Warthin’s tumor (adenolymphoma)

. Oncocytoma (oncocytic adenoma)

. Canalicular adenoma

~N N L RN =

. Lymphadenoma
7.1. Sebaceous
7.2. Non-sebaceous
8. Ductal papilloma
8.1. Inverted ductal papilloma
8.2. Intraductal papilloma
8.3. Sialadenoma papilliferum
9. Cystadenoma
Carcinomas
1. Acinic cell carcinoma
. Mucoepidermoid carcinoma
. Adenoid cystic carcinoma
. Polymorphous low grade adenocarcinoma
. Epithelial myoepithelial carcinoma
. Clear cell carcinoma, not otherwise specified (NOS)
. Basal cell adenocarcinoma

. Sebaceous carcinoma
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Fig. 13 Typical picture of a long-standing symptomless
swelling in the left parotid region, following excision the
diagnosis of pleomorphic adenoma was confirmed

2.2.2.3 Malignant Tumors

Mucoepidermoid Carcinoma

About one in six (Vander Poorten et al. 2003) to
one in three (Spiro 1986) salivary gland cancers are
mucoepidermoid carcinomas. Macroscopically, the
cut surface is solid but can contain cysts. Micro-
scopically, the tumor consists of a variable combi-
nation of glandular cells lining cystic spaces and
epidermoid basaloid type cells forming solid areas
(Fig. 16). A histological grading system is based on
the relative proportion of mucinous versus epider-
moid cells. Tumors containing 90% solid area made
up of epidermoid cells are designated high grade
(Seifert and Sobin 1992) and are associated with a
72% disease-specific death rate versus only 6-8%
disease specific death rate in low grade, more
mucus containing, low grade tumors (Healey et al.
1970).

Fig. 14 Pleomorphic adenoma of the submandibular gland
with a mainly mesenchymal-chondroid differentiation. Grey to
white and lobulated on cut surface. Specimen inked for
assessment of resection margins. Note the tumor looks easy
to “shell out” (arrowheads demarcating the normal subman-
dibular gland parenchyma that spontaneously retracts upon
bisection of the gland)

Fig. 15 Microscopical appearance of the same pleomorphic
adenoma. Note the chondromyxoid matrix (asterisk), in which
ductal structures (arrows) can be noted. Picture courtesy of
Prof. Raf Sciot

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma accounts for about one
out of six parotid carcinomas (Vander Poorten
et al. 2003). It occurs more frequently in other sites
with about 45% of submandibular and minor
salivary gland carcinomas being of this type (Vander
Poorten et al. 1999a; Vander Poorten et al. 2000).
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Fig. 16 Intermediate grade mucoepidermoid carcinoma of the
parotid gland. Epithelial solid tumor (3 asterisks) with some
islands of mucinous cells (asterisk). Picture courtesy of Prof.
Raf Sciot

Fig. 17 Diffuse lung metastasis in a patient diagnosed with
subglottic adenoid cystic carcinoma 10 years earlier

Macroscopically, it is an often infiltrating rather hard
tumor with an irregular extension pattern. The tumor
tends to extend via major cranial nerves and in this
respect MR imaging is often essential to determine
the real anatomical extent. It also has a well-known
capacity for distant metastasis in about 40% of
patients, (Spiro and Huvos 1992) mostly to the lungs
(Fig. 17), and in these patients a protracted clinical

Fig. 18 Adenoid cystic carcinoma of the tongue base. Strands
of tumor cells (arrowheads) grow in a cribriform pattern on a
mucinous background (arrows) thus shaped as pseudolumina.
Picture courtesy of Prof.Raf Sciot

course can result in disease-related deaths even after
more than 10 years following the initial diagnosis
(Spiro and Huvos 1992; Vander Poorten et al. 1999b).
Microscopically, the tumor is often composed of
cylindrical cystic spaces separated by solid septae of
tumor cells, and this is called the “cribriform pattern”
(Fig. 18).

Acinic Cell Carcinoma

About one in five parotid carcinomas is diagnosed as
acinic cell carcinoma (Vander Poorten et al. 2003). The
majority of these tumors have a clinically low grade
course, and following adequate resection, low stage
tumors are not considered to need additional radio-
therapy (Armstrong et al. 1990). Macroscopically
acinic cell carcinomas are solitary, well circumscribed,
multilobular masses. Microscopically, typical acinar
cells with cytoplasmic Periodic Acid Schift’s reagent
positive glycogen granules are the main components.
A more aggressive (papillocystic (Spiro et al. 1978),
microcystic (Colmenero et al. 1991) subgroup is
increasingly being distinguished, making up about
15% of acinic cell carcinomas (Hoffman et al. 1999)
and requiring a more aggressive treatment.

Adenocarcinoma Not Otherwise Specified (NOS)

Quite frequently a salivary gland adenocarcinoma
lacks specific features allowing the pathologist to make
a more specific diagnosis. About one in four salivary
gland carcinomas cannot be accommodated in the
other specific subtypes (Vander Poorten et al. 2003).
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Fig. 19 Perineural growth in a high grade adenocarcinoma
NOS of the parotid gland. Arrowhead demarcate perineurium,
extended by tumor cells (arrow), compressing the nerve
bundles (asterisk) Picture courtesy of Prof. Raf Sciot

Microscopically, they range from well-differentiated
and low grade to high grade, invasive lesions, dis-
playing perineural growth (Fig. 19).
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Fig. 1 The regional lymph nodes of the head and neck region; the major regional lymphatic chains are annotated on the /eft. These
regional lymph node groups drain a specific primary site as first echelon lymph nodes (indicated on right)

starting point in the examination of the patient. It is
important to remember that some cervical masses
may escape the very best surgical palpation. It is
essential that an orderly and systematic examination
of the lymphatic fields on both sides of the neck is
performed (Stell and Maran 1972).

Regional lymphatic drainage from the mucosa of
the upper aerodigestive tract, salivary glands, and the
thyroid gland occurs to specific regional lymph node
groups (Shah 1990). They should be appropriately
addressed in treatment planning for a given primary
site. The major lymph node groups of the head and
neck are shown in Fig. 1. Cervical lymph nodes in the
lateral aspect of the neck primary drain the mucosa of
the upper aerodigestive tract. These include the sub-
mental and submandibular group of lymph nodes
located in the submental and submandibular triangles
of the neck. Deep jugular lymph nodes include the
jugulodigastric, jugulo-omohyoid, and supraclavicu-
lar group of lymph nodes adjacent to the internal
jugular vein. Lymph nodes in the posterior triangle of

the neck include the accessory chain of lymph nodes
located along the spinal accessory nerve and the
transverse cervical chain of lymph nodes in the floor
of the posterior triangle of the neck. The retropha-
ryngeal lymph nodes are at risk of metastatic dis-
semination from tumors of the pharynx. The central
compartment of the neck includes the Delphian lymph
node overlying the thyroid cartilage in the midline
draining the larynx, and the perithyroid lymph nodes
adjacent to the thyroid gland. Lymph nodes in the
tracheoesophageal groove provide primary drainage
to the thyroid gland as well as the hypopharynx,
subglottic larynx, and cervical esophagus. Lymph
nodes in the anterior superior mediastinum provide
drainage to the thyroid gland and the cervical
esophagus.

The localization of a palpable metastatic lymph
node often indicates the potential source of a primary
tumor. In Fig. 1 the regional lymph node groups
draining a specific primary site as first echelon lymph
nodes are depicted.
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Fig. 2 Level system of
cervical lymph nodes: seven
levels are distinguished
(labeled I-VII)

In order to establish a consistent and easily
reproducible method for description of regional cer-
vical lymph nodes, providing a common language
between the clinician, the pathologist, and radiologist,
the Head and Neck Service at Memorial Sloan—
Kettering Cancer Center has described a leveling
system of cervical lymph nodes (Fig. 2). This system
divides the lymph nodes in the lateral aspect of the
neck into five nodal groups or levels. In addition,
lymph nodes in the central compartment of the neck
are assigned Levels VI and VII.

o Level I. Submental group and submandibular
group. Lymph nodes in the triangular area bounded
by the posterior belly of the digastric muscle, the
inferior border of the body of the mandible, and the
hyoid bone.

e Level II: Upper jugular group. Lymph nodes
around the upper portion of the internal jugular vein
and the upper part of the spinal accessory nerve,
extending from the base of the skull up to the
bifurcation of the carotid artery or the hyoid bone.
Surgical landmarks: base of skull superiorly, pos-
terior belly of digastric muscle anteriorly, posterior

border of the sternocleidomastoid muscle posteri-
orly, and hyoid bone inferiorly.

Level III: Mid-jugular group. Lymph nodes around
the middle third of the internal jugular vein.
Surgical landmarks: hyoid bone superiorly, lateral
limit of the sternohyoid muscle anteriorly, the
posterior border of sternocleidomastoid muscle
posteriorly, and the caudal border of the cricoid
cartilage inferiorly.

Level 1V: Lower jugular group. Lymph nodes
around the lower third of the internal jugular.
Surgical landmarks: cricoid superiorly, lateral limit
of the sternohyoid muscle anteriorly, posterior
border of the sternocleidomastoid muscle posteri-
orly, and clavicle inferiorly.

Level V: Posterior triangle group. Lymph nodes
around the lower portion of the spinal accessory
nerve and along the transverse cervical vessels. It is
bounded by the triangle formed by the clavicle,
posterior border of the sternomastoid muscle, and
the anterior border of the trapezius muscle.

Level VI: Central compartment group. Lymph
nodes in the prelaryngeal, pretracheal, (Delphian),
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Table 1 N staging of lymph node metastasis from squamous cell carcinoma of the head and neck except nasopharynx (UICC,

International Union Against Cancer 2009)

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, <3 cm in greatest dimension

N2a Metastasis in single ipsilateral lymph node >3 cm but <6 cm in greatest dimension
N2b Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension
N3 Metastasis in a lymph node >6 cm in greatest dimension

paratracheal, and tracheoeophageal groove. The

boundaries are: hyoid bone to suprasternal notch and

between the medial borders of the carotid sheaths.

e Level VII: Superior mediastinal group. Lymph
nodes in the anterior superior mediastinum and
tracheoesophageal grooves, extending from the
suprasternal notch to the innominate artery.

Some nodes in the neck are more difficult to pal-
pate than others. Thus the retropharyngeal and highest
parajugular nodes are almost impossible to detect by
palpation until they are very large.

Structures in the neck which may be mistaken for
enlarged lymph nodes are the transverse process of
the atlas, the carotid bifurcation and the sub-
mandibular salivary gland.

Physical examination of the neck for lymph node
metastasis has a variable reliability (Watkinson et al.
1990). A meta-analysis comparing computed tomog-
raphy (CT) with physical examination (PE) yielded
the following results: sensitivity, 83 (CT) versus 74%
(PE); specificity, 83 (CT) versus 81% (PE): and
accuracy, 83 (CT) versus 77% (PE). Overall, PE
identified 75% of pathologic cervical adenopathy; this
detection rate increased to 91% with addition of CT
(Merritt et al. 1997).

The American Joint Committee on Cancer and the
International Union against Cancer has agreed upon a
uniform staging system for cervical lymph nodes. The
exact description of each N stage of lymph node
metastasis from squamous carcinomas of the head and
neck is described in Table 1. Squamous carcinomas
of the nasopharynx and well-differentiated thyroid
carcinomas have a different biology and cervical
metastases from these tumors are assigned different
staging systems.

An enlarged metastatic cervical lymph node may
be the only physical finding present in some patients
whose primary tumors are either microscopic or
occult at the time of presentation. A systematic search

for a primary tumor should be undertaken in these
patients prior to embarking upon therapy for the
metastatic nodes. If a thorough head and neck
examination, including fiberoptic nasolaryngoscopy,
CT or MRI-study, and PDG-PET scan, fails to show a
primary tumor, then the diagnosis of metastatic car-
cinoma to a cervical lymph node from an unknown
primary is established.

3 Nose and Paranasal Sinuses

The nasal cavity is the beginning of the upper airway
and is divided in the midline by the nasal septum.
Laterally, the nasal cavity contains the nasal conchae,
the inferior concha being part of the nasal cavity, and
the superior and middle conchae being composite
parts of the ethmoid complex. The nasal cavity is
surrounded by air containing bony spaces called
paranasal sinuses, the largest of which, the maxillary
antrum, is present on each side. The ethmoid air cells
occupy the superior aspect of the nasal cavity, and
separate it from the anterior skull base at the level of
the cribriform plate. Superoanteriorly, the frontal
sinus contained within the frontal bone forms a bil-
oculated pneumatic space. The sphenoid sinus at the
superoposterior part of the nasal cavity is located at
the roof of the nasopharynx. The adult ethmoid sinus
is narrowest anteriorly in a section known as the
ostiomeatal complex and this is the site of drainage of
the maxillary and frontal sinuses (Fig. 3).

Since all of the paranasal sinuses are contained
within bony spaces, primary tumors of epithelial
origin seldom produce symptoms until they are of
significant dimensions, causing obstruction, or until
they have broken through the bony confines of the
involved sinus cavity. Tumors of the nasal cavity
often produce symptoms of nasal obstruction, epi-
staxis, or obstructive pansinusitis early during the
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Fig. 3 Coronal section
through maxillofacial region,
showing proximity of orbit
and anterior cranial fossa to
nasal cavity and paranasal
sinuses. Disease of the sinuses
and nasal cavity may spread
directly into adjacent
structures with catastrophic
results

course of the disease. Unilateral epistaxis, obstruc-
tion, or sinusitis should raise the index of suspicion
regarding the possibility of a neoplastic process.
Tumors of the maxillary antrum may present with
symptoms of obstructive maxillary sinusitis. Swelling
of the upper gum or loose teeth may be the first
manifestation of a malignant tumor of the maxillary
antrum. Locally advanced tumors may present with
anesthesia of the skin of the cheek and upper lip,
diplopia, proptosis, nasal obstruction, epistaxis, a
mass in the hard palate or upper gum, or a soft tissue
mass in the upper gingivobuccal sulcus. Advanced
tumors may present with trismus and visible or pal-
pable fullness of the check. Trismus usually is a sign
of pterygoid musculature invasion. Epistaxis may be
the first manifestation of tumors of the ethmoid or
frontal sinus. This may be accompanied by frontal
headaches or diplopia. Occasionally anosmia may be
present in patients with esthesioneuroblastoma.
Anesthesia in the distribution of the fifth cranial nerve
or paralysis of the third, fourth, or sixth cranial nerve
may be the first manifestation of a primary tumor of
the sphenoid sinus. Although sinonasal malignancy is
rare, persistent nasal symptoms should always be
investigated, particularly if unilateral. Tumors of the
nasal cavity and paranasal sinuses are the most chal-
lenging to stage. Endoscopic evaluation of the nasal
cavity is crucial in accurate clinical assessment of an
intranasal lesion. Fiber optic flexible endoscopy pro-
vides adequate visualization of the lower half of the
nasal cavity. Therefore, lesions presenting in the
region of the inferior turbinate, middle meatus, and

Frontal sinus

e

Ethmoid air cells

OS“ Omeatal Compl ex / \ .
uncinate process

Middle concha

Inferior concha

Maxillary antrum

the lower half of the nasal septum can be easily
visualized by office endoscopy.

Rigid endoscopic evaluation with telescopes gen-
erally requires adequate topical anesthesia as well as
shrinkage of the mucosal surfaces of the interior of
the nasal cavity with the use of topical cocaine. A set
of 0, 30, 70, and 90° telescopes should be available
for appropriate evaluation of the interior of the nasal
cavity (Fig. 4). Diagnostic nasal endoscopy allows the
characterization of intranasal anatomy and identifi-
cation of pathology not otherwise visible by tradi-
tional diagnostic techniques, such as the use of a
headlight, speculum, and mirror (Bolder and Kennedy
1992; Levine 1990).

4 Nasopharynx

The nasopharynx is the portion of the pharynx
bounded superiorly by the skull base and the sphenoid
and laterally by the paired tori of the eustachian tubes,
with the Rosenmiiller’s fossa. Anteriorly the posterior
choanae form the limit of the space, and inferiorly an
artificial line drawn at the level of the hard palate
delimits the nasopharynx from the oropharynx.
Presenting symptoms of nasopharyngeal cancer
may include a neck mass, epistaxis, nasal obstruction,
otalgia, decreased hearing, or cranial neuropathies.
Approximately 85 percent of patients have cervical
adenopathy and 50 percent have bilateral neck
involvement (Lindberg 1972). Serous otitis media
may occur due to Eustachian tube obstruction. Cranial
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Fig. 4 The rigid endoscope allows for detailed examination of  (asterisk). An excellent view of the middle turbinate, uncinate
the nasal cavity. The scope can be rotated laterally under the process, and surrounding mucosa can be obtained
middle turbinate into the posterior aspect of the middle meatus

Sphenoid sinus

Torus tubarius

Opening of eustachian tube
/ Rosenmuller’s fossa

Fig. 5 Examination of nasopharynx with flexible scope

nerve VI is most frequently affected but multiple but is not palpable. The common first palpable node is
cranial nerves may be involved. the jugulodigastric and/or apical node under the

Nasopharyngeal carcinoma has a tendency for sternomastoid which are second echelon nodes.
early lymphatic spread. The lateral retropharyngeal Bilateral and contralateral lymph node metastases are
lymph node (of Rouvier) is the first lymphatic filter not uncommon.



Clinical and Endoscopic Examination of the Head and Neck

25

Nasendoscopy (Fig. 5) using the flexible scope
gives a good view of the nasal floor, the walls of the
nasopharynx and the fossa of Rosenmiiller. Naso-
pharyngeal tumors in any quadrant including the fossa
of Rosenmiiller can be seen and accurately biopsied.
For the nasopharynx, also rigid O and 30° sinus
endoscopes can be similarly used in the clinical set-
ting. Under anesthesia, should this be necessary, these
are the scopes of choice for visual assessment and
biopsy.

Evidence of lower cranial nerve deficits may be
apparent from palatal or glossal paralysis and atrophy.
A full evaluation of the remaining cranial nerves
should include visual assessment and examination of
the tympanic membranes.

5 Oral Cavity

The oral cavity extends from the vermilion borders of
the lips to the junction of the hard and soft palates
superiorly and to the line of the circumvallate papillae
inferiorly. Within this area are the lips, buccal
mucosa, alveolar ridges with teeth and gingiva, ret-
romolar trigone, floor of mouth, anterior two-thirds of
the tongue, and hard palate (Fig. 6).

All mucosal surfaces of the mouth require thor-
ough and systematic examination. The oral cavity is
lined by a mucous membrane which is a non-
keratinizing stratified squamous epithelium and is
therefore pink. It contains taste buds and many minor
salivary glands. All mucosal surfaces should be
examined using tongue blades under optimal lighting
conditions.

The clinical features of the primary tumors arising
in the mucosal surface of the oral cavity are variable.
The tumor may be ulcerative, exophytic, or endo-
phytic, or it may be a superficial proliferative lesion.
Most patients with a mouth cancer present with a
painful ulcer. Squamous carcinomas with excessive
keratin production and verrucous carcinomas present
as white heaped-up keratotic lesions with varying
degrees of keratin debris on the surface. Bleeding
from the surface of the lesion is a characteristic
for malignancy and should immediately raise the
suspicion for a neoplastic process. Endophytic lesions
have a very small surface component but have a
substantial amount of soft tissue involvement beneath
the surface.

Circumvallate papillae

— Foramen caecum

Fig. 6 Oral cavity and oropharynx. The posterior limits of the
oral cavity are the anterior tonsillar pillars, the junction of the
anterior two-thirds and posterior one-third of the tongue
(i.e. the circumvallate papillae) and the junction of the hard
and soft palate. The soft palate and the tonsil are therefore part
of the oropharynx. Carcinoma of the anterior two-thirds of the
tongue is the most frequent site for a mouth cancer and the
lateral border (/) is the most common location. Carcinoma of
the floor of the mouth most commonly occurs anteriorly either
in the midline or more usually to one side of the midline (2).
Carcinoma of the oropharynx most commonly occurs in the slit
between tonsil and base of tongue, at the level of the anterior
tonsillar pillar (3)

Oral salivary tumors may present as a nodule, a
non-ulcerative swelling or more usually as an ulcer-
ative lesion. Metastatic tumors may also present as
submucosal masses. Mucosal melanoma shows char-
acteristic pigmentation.

Macroscopic lesions should be evaluated for
mobility, tenderness and be palpated with the gloved
finger to detect submucosal spread. This is particu-
larly important in tongue lesions extending posteri-
orly into the posterior third and tongue base. The
distance from the tumor to the mandible and the
mobility of the lesion in relation to the mandible are
critical elements in determining the management of
perimandibular cancers. The indications for examina-
tion under anesthesia include an inadequate assessment
of the extent of the disease by history and physical
examination and imaging, or the presence of symptoms
referable to the trachea, larynx, hypopharynx, and
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esophagus that need endoscopic assessment. It is not
cost-effective screening to perform panendoscopy on
all patients with oral cavity cancer (Benninger et al.
1993; Hordijk et al. 1989).

Palpation of the neck is of course essential in the
assessment of a patient with mouth cancer. Neck
nodal disease is the single most important factor
determining the method of treatment, and also prog-
nosis is determined by the presence of metastatic
nodes. Full examination of the neck must be carried
out to detect any lymph node metastases and each
level must be carefully palpated, particularly the
upper and middle deep cervical nodes deep to the
sternomastoid, from behind the patient, using the tips
of the fingers. Carcinoma of the oral tongue has the
greatest propensity for metastasis to the neck among
all oral cancers. The primary echelon of drainage is
level II but other levels may be also involved.

6 Oropharynx

The oropharynx is that part of the pharynx which
extends from the level of the hard palate above to the
hyoid bone below. The anterior wall of the orophar-
ynx is formed by the base or posterior third of the
tongue bounded anteriorly by the v-shaped line of
circumvallate papillae (Fig. 6). When present, the
initial symptoms of oropharyngeal cancer are often
vague and non-specific, leading to a delay in diag-
nosis. Consequently, the overwhelming majority of
patients present with locally advanced tumors.

Presenting symptoms may include sore throat,
foreign-body sensation in the throat, altered voice or
referred pain to the ear that is mediated through the
glossopharyngeal and vagus nerves. Over two-thirds
of patients present with a neck lump. As the tumor
grows and infiltrates locally, it may cause progressive
impairment of tongue movement which affects speech
and swallowing.

Most tumors of the oropharynx can be easily seen
with good lighting, but those originating in the lower
part of the oropharynx and tongue base are best
viewed with a laryngeal mirror. The patient should
be asked to protrude the tongue, to rule out injury to
the hypoglossal nerve. Trismus is a sign of invasion of
the masticator space. Sensory and motor function
should be assessed, particularly mobility of the tongue

as well as fixation. Fiberoptic nasopharyngeal
endoscopy has greatly enhanced the ease of exami-
nation of these tumors, particularly in assessing the
lower extent of the tumor and also the superior extent
if the nasopharynx is involved. The extent of
involvement is often underestimated on inspection,
and bimanual palpation of the tumor must be under-
taken in all patients. Careful palpation should be
carried out to estimate the extent of infiltration, but
this examination may be limited by patient tolerance;
thorough palpation under general anesthetic is
advisable. Advanced tumors that cause trismus may
also be better assessed under a general anesthetic.
A detailed examination and biopsy under general
anesthetic may be the only accurate method of
assessing the extent of tumors such as those of the
tongue base that may be in a submucosal location.

Examination of the neck must be carried out sys-
tematically and each level must be carefully palpated
to detect lymph node enlargement or deep invasion of
the tumor.

Nodal metastases from squamous cell carcinomas
are typically hard and when small are generally
mobile. As they enlarge, those in the deep cervical
chain initially become attached to the structures in the
carotid sheath and the overlying sternomastoid mus-
cle with limitation in vertical mobility, but later
become attached to deeper structures in the prever-
tebral region with absolute fixation.

Lymphomas on the other hand have a rubbery
consistency and are generally larger and multiple with
matting together of adjacent nodes. Cystic degenera-
tion in a metastatic jugulodigastric node from a
squamous carcinoma of the oropharynx may have a
similar presentation to a brachial cyst but the latter is
a far less likely diagnosed in the older patient.

7 Larynx

The larynx communicates with the oropharynx above
and the trachea below. Posteriorly it is partly sur-
rounded by the hypopharynx. It may be functionally
divided into three important areas. The supraglottis
contains epiglottis, aryepiglottic folds, arytenoids,
false cords, and includes the laryngeal ventricle. The
glottis includes the vocal cords and anterior com-
missure and posterior commissure. The subglottis is
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Fig. 7 Indirect laryngoscopy with Hopkins rod telescope.
a Sagittal view. b View during quiet breathing. The arytenoid
cartilages (/) articulate with facets on the superior surface of
the posterior arch of the cricoid cartilage (2). A small mass of
cartilage, the corniculate cartilage (3), usually articulates with
the apex of the arytenoid and is located within the inferomedial
part of the aryepiglottic fold (4). In the midline the mucosa
forms a shallow notch between the two corniculate cartilages,
known as the posterior commissure (5). On the lateral aspect of
the corniculate cartilages, within the aryepiglottic folds, are the
cuneiform cartilages (6). During laryngoscopy the corniculate
and cuneiform cartilages appear as small paired swellings in the
aryepiglottic folds lying on either side of the posterior
commissure. ¢ View during phonation. The aryepiglottic folds
(1) define the anteromedial border of the pyriform fossae (2)

limited by the undersurface of the true cords to the
inferior margin of the cricoid cartilage (Fig. 7a).

Patients with primary tumors of the larynx usually
present with complaints of hoarseness of voice, dis-
comfort in the throat, dysphagia, odynophagia, sen-
sation of something stuck in the throat, occasional
respiratory obstruction, hemoptysis, or with referred
pain in the ipsilateral ear. Hoarseness is an early
symptom of glottic cancer but may be seen later in
advanced supraglottic or subglottic tumors indicating
spread to the vocal cord, arytenoid, or cricoarytenoid
joint. Submucosal spread within the paraglottic space
can occur from these sites to produce hoarseness
without mucosal irregularity. Dyspnoea and stridor
occur with bulky supraglottic tumors or in the pres-
ence of vocal cord fixation. In most instances the
diagnosis is made by a thorough clinical examination
which includes mirror examination of the larynx for
adequate assessment of the surface extent of the pri-
mary tumor and mobility of the vocal cords.

Examination must be carried out carefully to iden-
tify the possible spread of tumor beyond the larynx
either directly or by metastasis to the regional lymph
nodes. A neck mass almost always indicates lymphatic
metastasis but may result from direct extension of the
tumor into the soft tissues of the neck. The most fre-
quent site of secondary deposits is the ipsilateral deep
cervical chain, usually in the upper/middle region
(level II, III). Glottic tumors rarely metastasize, while
deposits in the lymph nodes are more frequent from
supraglottic lesions. Examination must include an
assessment of the number, mobility, and level of the
lymph nodes. Some anterior swelling of the larynx, by
widening or by penetration of tumor through the cric-
othyroid membrane, may be felt.

The use of the 70 or 90° Hopkins rod telescope
(Fig. 7a) allows a high resolution view of the larynx.
It allows assessment of vocal cord function, high
quality photography, and is the ideal instrument for
videostroboscopy of the larynx. The clinical appear-
ance of a normal larynx seen through a rigid telescope
is shown in Fig. 7b. This view of the normal larynx
provides adequate visualization of all the anatomic
sites of the supraglottic and glottic larynx as well as
the hypopharynx. The dynamic function of the larynx
should also be observed and recorded by asking the
patient to phonate. During phonation, the vocal cords
adduct while the pyriform sinuses are opening up,
revealing their apices (Fig. 7c). Stroboscopy is useful
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Fig. 8 Flexible
laryngoscopy. Fiberoptic
laryngeal nasendoscopy
provides a clear image of the
larynx, laryngopharynx, and
base of tongue

for the differentiation of functional from anatomical
defects (Sercarz et al. 1992) and has been employed
in the early detection of glottic cancer. In the latter
setting, preservation of the mucosal wave suggests
that a lesion is not invasive (Zhao 1992).

Technological advance is producing increasingly
smaller diameter fiberoptic endoscopes for examina-
tion of the human body. The flexible nasendoscope can
be used to examine the postnasal space, pharynx, and
larynx, down to the level of the vocal cords. Flexible
nasolaryngoscopy (Fig. 8) is generally carried out in a
normal anatomical position and during normal respi-
ration, unlike the rather distorted position achieved by
indirect laryngoscopy or the use of the Hopkins rods.
Additionally, flexible endoscopy can be used to directly
observe the pharyngeal phase of swallowing, giving
complementary information to that obtained by vid-
eofluoroscopy. Test swallows of milk or colored food
can be examined (Logemann 1983).

Direct laryngoscopy under general anesthesia is
the only reliable way to assess mucosal lesions of the
larynx and pharynx (Phelps 1992; Parker 1992), and
more often enables adequate biopsies to be sampled
than with flexible techniques (Ritchie et al. 1993). If a
tumor is detected, its limits in all directions should be
determined both by sight and palpation.

The introduction of the operating microscope has
facilitated detailed examination of the larynx
(Kleinsasser 1965) (Fig. 9). Use of various telescopes

(0, 30, 70, and 120°) provides an excellent and
detailed view of the lesion.

Clinical examination is limited by the fact that
certain areas of the larynx are inaccessible to both
visualization and palpation; nevertheless involvement
of these structures has an important bearing on stag-
ing as well as on management. Information from
radiological imaging and operative endoscopy must
be utilized in conjunction with physical findings to
obtain an accurate pretreatment TNM staging record.
Particularly supraglottic tumors are frequently
understaged because the pre-epiglottic and paraglottic
spaces cannot be assessed clinically.

8 Hypopharynx and Cervical
Esophagus

The hypopharynx links the oropharynx superiorly to
the larynx and esophagus below. Its boundaries are
roughly the hyoid and valleculae above and the cri-
coid below. Common sites for squamous cell cancers
are the pyriform sinuses, the posterior pharyngeal
wall and the postcricoid space.

Patients with primary tumors of the hypopharynx
usually present with the complaints of discomfort in
the throat, dysphagia, odynophagia, sensation of
something stuck in the throat, referred pain in the
ipsilateral ear, hemoptysis, hoarseness of voice, or
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Fig. 9 The arrangement for
stable microlaryngoscopy.
After placement of the
laryngoscope the laryngostat
is attached and the tension
tightened until the view is just
adequate. The microscope is
then brought into position and
focused

shortness of breath. In most instances, diagnosis is
made by a thorough clinical examination including
mirror examination of the hypopharynx and larynx, as
well as either rigid telescopic or fiberoptic nas-
olaryngopharyngoscopic examination for adequate
clinical assessment of the primary tumor.

While clinical examination permits the diagnosis
of a primary tumor of the hypopharynx, direct lar-
yngoscopy and esophagoscopy under general anes-
thesia are essential for accurate assessment of the
tumor extent and to obtain a biopsy for histologic
diagnosis.

The important features to be assessed during
endoscopic examination under anesthesia include the
site of origin of the primary tumor, and its local
extension to the other sites within the hypopharynx
and adjacent regions.

In patients with a malignant tumor of the upper
respiratory or upper digestive tract, it is advisable to
perform flexible esophagogastroduodenoscopy; the
detection rate of a synchronous primary tumor is
about 3—13% (Levine and Nielson 1992).

9 Salivary Glands

The parotid glands are located in close proximity to
the cartilage of the external auditory canal. Anteriorly
the gland abuts both the lateral and posterior border of
the ramus of the mandible and the overlying masseter
muscle, while inferiorly it rests medially on the pos-
terior belly of the digastric muscle, as well as the

sternocleidomastoid muscle laterally. Medially the
parotid is adjacent to the parapharyngeal space,
while superiorly it reaches the arch of the zygoma.
The facial nerve courses through the parotid gland.
The parotid gland is arbitrarily divided into a
‘superficial’ and ‘deep’ lobe by the plane of the facial
nerve. Numerous lymph nodes are localized within,
and adjacent to, the capsule of the parotid gland,
serving as the first echelon drainage for the temporal
scalp, portions of the cheek, the pinna, and the
external auditory canal. For this reason, the parotid
gland may harbor metastatic cutaneous malignancy
from these sites.

The submandibular glands are located in the
anterior triangle of the neck, and are bounded supe-
riorly and laterally by the body of the mandible. The
mylohyoid muscle is located anterior to the gland,
while the hyoglossus muscle lies medial to the gland.
The submandibular (Wharton’s) duct exists the gland
medial to the mylohyoid muscle, then courses ante-
riorly and superiorly into the anterior floor of mouth
(Fig. 10).

Located beneath the mucosa of the floor of the
mouth, the small sublingual glands drain directly into
the oral cavity through numerous small ducts.

The majority of neoplastic lesions of salivary
glands appear as a lump without other symptoms.

Swellings in the retromandibular sulcus, the
immediate preauricular region, and over the masseter
are, in most cases, of parotid gland origin. Although
about 10% of parotid gland tumors arise medial to the
plane of the facial nerve in the deep ‘lobe’ of the
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Fig. 10 Anatomic relations
of the parotid, submandibular,
and sublingual salivary gland

gland, more than three-fourths of these deep lobe
tumors will present as a typical parotid mass.

In the parotid gland pleomorphic adenomas present
as round, firm, reasonable well-demarcated tumors,
with a tendency to nodularity as they grow. Their site
of election is between the ascending ramus of the
mandible anteriorly, and the mastoid process and
sternomastoid posteriorly, usually in the tail of the
gland. Occasionally they arise in the immediate
preauricular region, where they tend to be small.
Warthin’s tumors lie almost invariably in the lower
pole of the gland, are ovoid in shape, and vary in
consistency between soft and firm, depending on
whether or not they have been exposed to previous
inflammation; these tumors can occur bilaterally.

Weakness or paralysis of the facial nerve in a
previously untreated patient almost always indicates
that a tumor is malignant (Spiro et al. 1975; Borthune
et al. 1986). Careful assessment should be made of the
facial nerve and the nerves traversing the nearby
carotid space (cranial nerve IX and XII) if a deep lobe
or parapharyngeal space tumor is suspected.

It is often difficult to distinguish between a tumor
arising within the submandibular gland or an enlarged
node close to the gland or on its outer surface.

Stenon’s duct

Parotid gland

Sublingual gland

Submandibular gland

Wharton's duct

Bimanual palpation is essential to differentiate
between the two, since a node lying on the outer
surface of the salivary gland is unlikely to be palpated
by a finger in the mouth, whereas a tumor of the gland
itself is more readily compressible bimanually. Pleo-
morphic adenomas of the submandibular gland are
usually large, quite hard, and nodular, but may be
confused with a slowly growing malignancy such as
an adenoid cystic carcinoma. Submandibular gland
neoplasms also need evaluation of the lingual and
hypoglossal nerves.

The assessment of intraoral minor salivary gland
neoplasms depends on the location of the tumor.
Palatal lesions are the most common, usually giving
the appearance of being fixed, whether they are
benign or malignant, because of the tight adherence of
the mucous membrane to bone. Tumors of the hard or
soft palate are often fusiform, firm to hard in con-
sistency and nodular. Again the distinction between
mixed tumor and adenoid cystic carcinoma may be
difficult to make.

A salivary gland tumor arising from the deep lobe
of the parotid gland, or from a minor salivary gland
in the parapharyngeal space, may cause secondary
displacement of the palatotonsillar region.
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Swelling detectable both in the pharynx and par-
otid region indicates a very bulky tumor originating
from within the deep lobe of the parotid gland. This
parotid swelling can be visible externally, but the
technique of bimanual palpation will elicit the char-
acteristic sign of ballottement between the examining
fingers, typical of masses occupying such a wide area.
The absence of both a visible swelling in the parotid
gland and ballottement suggests an origin exclusively
in the parapharyngeal space.

10 Thyroid Gland

The thyroid gland lies within the pretracheal fascia in
the front of the neck, and consists of two symmetrical
lobes united in the midline by an isthmus that overlies
the second to fourth tracheal rings (Fig. 1). There is
often a pyramidal lobe, which may extend as high as
the top of the thyroid cartilage.

The incidence of palpable thyroid nodules is esti-
mated at only 4-7% of the general adult population.
They occur more frequently in women and they are
increasing with age (Mazzaferri et al. 1988). Slightly
less than 5% of thyroid nodules are found to be
malignant (Gharib and Goellner 1993). Most patients
with differentiated carcinoma present with a palpable
nodule in the thyroid gland of varying size, consis-
tency, and local extent. The primary tumor may
present as a solitary, well-defined, intrathyroidal dis-
crete palpable nodule or it may manifest with diffuse
involvement of the thyroid gland with or without
extrathyroid extension and fixation to the structures in
the central compartment of the neck, or it may present
as multiple palpable nodules. The most common
location of palpable metastatic lymph nodes from
thyroid cancer is at levels III, IV, or V in the lateral
neck. Procedures commonly used for the initial
evaluation of thyroid nodules are: ultrasound, radio-
nuclide imaging, and fine-needle aspiration biopsy
(FNAB).

Anaplastic carcinoma of the thyroid gland usually
manifests in the older population with a very short
history of a rapidly enlarging thyroid mass. Physical
examination reveals a diffusely enlarged firm to hard
ill-defined thyroid mass with significant extrathyroid
extension to adjacent soft tissues. The mass appears
fixed and inseparable from the laryngotracheal—
esophageal complex.

11 Role of Imaging Studies

The clinical evaluation allows to appreciate the
mucosal layer of the head and neck region quite well.
However, the deep extent of potentially infiltrating
lesions can only be judged indirectly. Some regions,
such as the base of the skull, pterygopalatine and
infratemporal fossa, orbits and brain are beyond
clinical evaluation, but critical management decisions
have to be made based on the involvement of these
structures; imaging findings are of the utmost
importance in such cases. Perineural and/or perivas-
cular spread, eventually leading to tumor progression
or recurrences at distance from the primary tumor can
often only be detected by imaging.

Metastatic adenopathies can be identified, some-
times still in a subclinical stage or at places not
accessible for clinical examination, such as the ret-
ropharyngeal or paratracheal lymph nodes. Also,
information on extranodal tumor spread and the
relation to critical structures such as the carotid
arteries, is necessary for determining the optimal
patient management, and can be deduced from
imaging studies.

Imaging is needed in submucosal lesions, covered
by an intact mucosa. The origin and extent of such
lesions is often difficult to determine based on the
clinical evaluation alone. Imaging may provide
important clues to the diagnosis, as representative
biopsies may be difficult to obtain in deep-seated
lesions.

All these findings can profoundly influence the
staging and management of the patient with head and
neck cancer. Finally, imaging may be used to monitor
tumor response and to try to detect recurrent or per-
sistent disease before it becomes clinically evident,
possibly with a better chance for successful salvage.

The single most important factor in the optimal use
of all this information is the mutual cooperation
between the radiologist and the physicians in charge
of patient care.
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Abstract

Various imaging techniques are used to investigate
the presence and extent of head and neck neo-
plasms, including ultrasound, computed tomogra-
phy, magnetic resonance imaging and nuclear
imaging techniques. To obtain the most optimal
results, close attention should be paid to a correct
technical execution of the imaging study. This
chapter provides information on the relative
advantages and disadvantages of each of the
available imaging techniques, as well as on patient
preparation, contrast agent or tracer injection, data
acquisition, and image reconstruction, reformatting
and display. The possible value of some newer
imaging techniques, such as diffusion-weighted
MRI and dynamic contrast-enhanced MRI is also
reviewed.

1 Introduction

Various imaging techniques are used in the evaluation
of patients with head and neck cancer, before, during
and after treatment. Each of these imaging techniques
has its own advantages and disadvantages.

Many head and neck neoplasms arise from the
mucosal lining; when a patient is referred for imag-
ing, the histological diagnosis often was already
established by endoscopic biopsy. Therefore, imaging
should primarily supply information on the submu-
cosal extension depth of the primary tumor, including
its relation to surrounding structures, as well as on the
presence of regional and/or distant metastasis, or a
second primary tumor.

R. Hermans (ed.), Head and Neck Cancer Imaging, Medical Radiology. Diagnostic Imaging, 33
DOI: 10.1007/174_2011_372, © Springer-Verlag Berlin Heidelberg 2012
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The purpose of this chapter is to describe the
various techniques available for imaging the head and
neck cancer patient, and to provide general rules for

their use. Specialized imaging applications are
described in the following chapters where
appropriate.

2 Plain Radiography

In the past, a variety of conventional methods were
applied to stage head and neck cancer, including soft
tissue views of the neck, plain films of the facial skel-
eton, xeroradiography, plain film tomography, laryn-
gography and barium swallow. The value of these
studies to stage head and neck cancer is very limited;
these techniques are now replaced by cross-sectioning
imaging modalities.

Barium swallow remains an indispensable method
in the early phase after pharyngeal surgery, to rule out
or confirm the presence of fistulae. This technique is
also essential in the evaluation of functional disorders
(such as bolus retention, delayed passage and aspi-
ration) after surgery or radiotherapy.

3 Ultrasonography

Ultrasonography is a widely used technique for the
evaluation of the thyroid gland (see “Thyroid
and Parathyroid Neoplasms™), neck lymph nodes (see
“Neck Nodal Disease”) and salivary glands, as it offers
visualization of these structures with high spatial reso-
lution, at a low cost and without using ionizing radiation.

Ultrasonography in combination with fine needle
aspiration cytology (FNAC) is the most accurate
method for neck nodal staging in most head and
neck cancers (Van Den Brekel et al. 1991). How-
ever, execution of this procedure is time consuming,
and the obtained results are operator-dependent
(Takes et al. 1996). Also, in a multicenter study
where both computed tomography and ultrasound of
the neck were applied for staging of head and neck
cancer, the addition of ultrasound-guided FNAC did
not provide significant additional value (Takes et al.
1998).

4 Computed Tomography
and Magnetic Resonance Imaging

Nowadays, in most patients computed tomography
(CT) or magnetic resonance imaging (MRI) is per-
formed for pretherapeutic staging of a head and neck
malignancy. Both techniques can supply the infor-
mation needed by the clinician for adequate treatment
planning.

A common question is which of these techniques
should be used in a particular patient. The most
widely used technique is CT, as it has a number of
important advantages over MRI:

e wide availability

e relative low cost

e casy to execute this in a reproducible way

e short examination time, resulting in less image
quality degradation caused by motion, such as
swallowing and respiration

e superior bone detail

e high quality multiplanar imaging on multidetector

CT systems
e casy extend of the study into the upper thoracic

cavity or intracranial cavity, if needed
e casier interpretation, especially regarding nodal

involvement (Curtin et al. 1998).

However, CT also has a number of disadvantages
compared to MRI:

e relative low soft tissue contrast resolution

e administration of iodinated contrast agent is
necessary

e severe image quality degradation by dental fillings
or other metallic foreign objects (Fig. 1)

e radiation exposure.

The advantages of MRI over CT in the evaluation
of head and neck cancer are its superior soft tissue
contrast resolution, and the absence of radiation
exposure. Overall, the image quality is not or less
hampered by the presence of dental fillings than in
CT, but also MRI studies may be severely jeopardized
by metallic implants (Fig. 2). The disadvantages of
MRI are mainly related to the long acquisition time,
making the technique sensible to motion artifacts
which cause a non-diagnostic study (Fig. 3). It is also
technically more challenging with MRI to properly
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Fig. 1 Patient suffering left-sided oral tongue cancer. a Axial b Gadolinium-enhanced T1-weighted image, not affected by
contrast-enhanced CT-image. As the image quality is severely presence of dental fillings, clearly shows the primary tumor
hampered by artifacts arising from dental fillings, the primary  (arrowhead)

tumor is not visible. A complementary MR-study was advised.

Fig. 2 Patient referred for MR-study of the maxillofacial  orthodontic material severely degrade image quality. b After
region and skull base because of unilateral facial pain. a Initial ~ removal of the orthodontic material by the dentist, optimal
MR-study was non-conclusive, as artifacts caused by fixed image quality was achieved
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Fig. 3 Patient suffering tongue base cancer. a, b Axial and
sagittal reformatted contrast-enhanced MDCT-images clearly
show tumor extent into tongue base and involvement of free
epiglottic rim (arrowheads), as well as the relationship of the

stage both primary tumor and neck nodal disease in a
single study. The lower availability of MRI, resulting
in a longer waiting list, and its higher cost should also
be taken into consideration.

In many institutions, CT is the preferred imaging
method for evaluation of laryngeal and hypopharyn-
geal cancer, as well as of oral cavity and oropharyn-
geal cancer. These cancer sites constitute about
80-85% of all head and neck malignancies (excluding
skin cancer and lymphoma) in Europe and the USA.
In most cases, a dedicated CT study will provide all
answers needed by the clinician; in such a setting,
MRI is used as complementary tool to solve remain-
ing questions.

Because of its higher contrast resolution, MRI is
the preferred imaging method in rarer head and neck
malignancies, such as nasopharyngeal cancer and
sinonasal cancer. There is no consensus regarding the
use of CT or MRI as primary imaging tool in salivary
gland cancer, although there is a tendency among
head and neck radiologists to choose for MRI.

4.1 Computed Tomography

CT can be regarded as the ‘workhorse’ of head and
neck cancer imaging. It is not possible to define the
ideal imaging protocol, as available equipment varies.
The minimal requirements for an optimal diagnostic
study will be outlined.

tumor to the pre-epiglottic space (asterisk). ¢ For study
purposes, a MR-study was performed in this patient one day
later. Because of motion artifacts, the tumor is not confidently
discernable. This MR-study was considered non-diagnostic

4.1.1 Patient Positioning

The images are obtained with the patient supine and
during quiet respiration. The neck should be in slight
extension. The head is aligned in the cephalocaudal
axis in order to make it possible to compare sym-
metric structures. Malposition may result in an
appearance that simulates disease. Every effort should
be made to make the patient feel comfortable; this
will help the patient dropping the shoulders to a
position as low as possible (Wirth et al. 2006).

This patient-friendly position is applicable for all
indications if multidetector spiral CT (MDCT) is
used, as this modality allows retrospective high
quality reformatting in every spatial plane. In case an
incremental or single-spiral CT technique has to be
used, additional direct coronal imaging is needed in
the evaluation of sinonasal and skull base neoplasms.
This can be realized by hyperextension of the neck,
either in supine or prone position, and tilting the
gantry to a position perpendicular to the hard palate.

4.1.2 Contrast-Agent Injection

While evaluating a patient suffering head and neck
cancer, a proper injection method of iodinated con-
trast agent is crucial to obtain state-of-the art
CT-images. Optimal tissue enhancement, allowing
correct discrimination of tumoral from normal tissue,
and a high neck vessel density must be realized at the
same time. Several contrast-agent injection protocols
have been described, some of them being fairly
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complicated. For all practical purposes, a single bolus
technique with an injection rate of 1-2 cc/s is
appropriate on modern CT machines (Keberle et al.
2002). A total amount of 100 ml is sufficient in
MDCT; a somewhat higher volume (up to 150 ml)
may be required when an incremental or single-slice
spiral CT technique is used.

It is essential to wait long enough before starting
the acquisition, as the contrast agents need some time
to diffuse in the normal and pathologic soft tissues.
If re-angulation of the gantry at the oral level is
performed (see below), the contrast injection needs
not to be paused while changing the gantry angle.
If one uses an MDCT-machine, allowing a rapid
entire neck examination without gantry angulation,
the scan should be started only after injection of the
entire contrast volume. A subsequent saline injection
at the same injection rate is recommended. The con-
trast-agent injection protocol for evaluation of the
head and neck, as currently used in Leuven is: 1.5 cc/s
contrast agent up to 100 ml, followed by 30 ml saline at
the same rate; image acquisition starts 80 s after initi-
ation of the injection.

4.1.3 Data Acquisition and Image
Reconstruction

4.1.3.1 General Comments

On a lateral scout view, the area of interest is indicated.
For a routine head and neck imaging study, images are
acquired from the top of the sphenoid sinus to the lower
border of the sternoclavicular joints. It makes sense to
scan from cranial to caudal: this allows the contrast
medium concentration in the subclavian vein, at the
side of injection, to drop to a similar or only slightly
higher level compared to other neck vessels, reducing
artifacts at the level of the thoracic inlet.

When performing a routine study of the face, sin-
onasal region or skull base, images are acquired from
the top of the frontal sinus to the submental region.

The field of view (FOV) must be as small as
possible, to optimize spatial resolution. The recom-
mended FOV for neck studies varies between 16 and
20 cm, depending on the size of the patient. The
selected FOV also depends on the type of pathology:
in a study performed for squamous cell cancer,
the posterior part of the perivertebral space not nec-
essarily needs to be included in the FOV as it is
unlikely to encounter pathology in that region;

however, for example in skin cancer and lymphoma,
this part of the neck should also be visualized, as
(sub) occipital adenopathies may be present.

The optimal display slice thickness for evaluation
of neck structures is 3 mm; adjacent slices should be
obtained. Somewhat thinner slices (2 mm) are apt for
the evaluation of the facial bones, sinonasal cavities
and orbits. In laryngeal and hypopharyngeal neo-
plasms, it is useful to reconstruct an additional series
of images coned down to the laryngohypopharyngeal
region, with a FOV of about 10 cm and a slice
thickness of 2 mm. Also the evaluation of the tem-
poral bone requires a coned down FOV (about 9 cm),
and a thin slice thickness of 0.5-1 mm.

Image reconstruction is always done in a soft tissue
algorithm. Additional images, reconstructed in a high-
resolution (bone detail) algorithm, are always gener-
ated in sinonasal cavity, skull base and temporal bone
studies.

In patients suffering neoplastic disease, the lower
slices including the upper part of the lungs should also
be reviewed in lung window, as unknown metastatic
disease or second primary tumors may then become
visible.

4.1.3.2 Incremental CT and Single-Slice Spiral CT
Even in this era of MDCT, studies of acceptable
quality can be obtained using an incremental or sin-
gle-slice spiral CT technique. The disadvantage of
these techniques is the compromise that has to be
made between slice thickness and acquisition time.
As these techniques do not allow obtaining very high
quality reformattings from the native images, the
gantry angle should be changed at the mouth level.
From the skull base down to the oral cavity, the image
plane should be parallel to the hard palate, while from
the oral cavity down to the thoracic inlet, the image
plane should be parallel to the vocal cords. The vocal
cord plane sometimes can be recognized on the lateral
scout views; if this cannot be seen, the gantry should
be tilted parallel to the intervertebral disk space at the
level of C4—C5 or C5-C6. Adherence to this protocol
generates images reproducibly showing head and
neck anatomy; furthermore, dental filling artifacts are
avoided at the level of the oral cavity.

The CT examination is performed as contiguous
3 mm thick scans, or as a spiral study reconstructed as
contiguous 3 mm sections. The spiral technique uses
3 mm thick scans with a 3-5 mm/s table speed, and a
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pitch of 1:1-1:1.6; these parameters may vary slightly
according to the CT machine.

4.1.3.3 Multidetector Spiral CT

State-of-the-art CT of the head and neck requires the
use of MDCT. The rapid acquisition results in a
volumetric data set, reconstructed to a stack of thin
and overlapping native images; this reduces partial
volume averaging and motion artifacts. Furthermore,
full advantage of the injected contrast agent is
accomplished by optimal timing between injection
and image acquisition. Disadvantage of this technique
is the overall higher radiation exposure.

The native images cannot routinely be used for
display: the large amount of native images is difficult to
handle, and the signal/noise level of these images is
relatively low. Therefore, a new set of images needs to
be reformatted from these native images for display.
These images are routinely reformatted in the axial
plane, mimicking the image display as it is obtained in
incremental or single-slice spiral CT: for neck studies,
adjacent 3 mm thick images are reformatted parallel to
the hard palate from the skull base to the oral cavity,
and parallel to the vocal cords from the oral cavity to
the thoracic inlet (Fig. 4). Reformatting in other planes
and/or with a thinner slice thickness is done according
to the organ of interest (see above) and/or the findings
on the axial images (Fig. 5).

The data acquisition with MDCT is usually done
with zero gantry tilt. However, in some patients, this
causes problems at the level of the oral cavity when
dental fillings are present. Also, in patients with short
necks or a high position of the shoulders, the image
quality may be suboptimal at the level of the larynx due
to artifacts arising from the shoulder girdle. To avoid
these problems, some head and neck radiologists
continue to use gantry tilting in MDCT, as described
for the incremental and single-slice spiral CT tech-
nique, although this makes it impossible to obtain
reformatted images in the coronal or sagittal plane at
the level of the oral cavity. An alternative is to perform
a complete head and neck study without gantry tilt, and
acquire additional images the level of the oral cavity
and oropharynx, if dental filling artefacts are present,
with a tilted gantry (Fig. 6). Yet another solution is to
obtain additional images with the mouth widely
opened; this may bring the pathology out of the dental
filling artifacts (Fig. 7) (Henrot et al. 2003).

Fig. 4 Routine head and neck CT-study. Midline sagitally
reformatted image from native axial MDCT-images. The data
acquisition extended from just above the sphenoid sinus to the
thoracic inlet. From the native images, two sets of axial images
are routinely reformatted for display: the first set (1), parallel to
the hard palate, from the skull base to the lower margin of the
mandible; the second set (2), parallel to the vocal cords
(or C4-C5/C5-C6 intervertebral space), from the oral cavity to
the thoracic cavity. The two image sets should be overlapping

More technical details on the MDCT-parameters
used currently in the University Hospitals of Leuven
are summarized in Table 1 and 2.

4.1.4 Dynamic Maneuvers

The data acquisition is routinely performed while the
patient continues breathing. Dynamic maneuvers during
scanning can improve the visualization of particular
anatomic structures. During prolonged phonation of [i],
arytenoid mobility can be judged and a better visuali-
zation of the laryngeal ventricle can be achieved; the
slight distention of the pyriform sinuses may also allow
better delineation of the aryepiglottic folds (Lell et al.
2004). A modified Valsalva maneuver (blowing air
against closed lips, puffing out the cheeks) produces
substantial dilatation of the hypopharynx, allowing
better visualization of the pyriform sinuses, including
the postcricoid region (Robert et al. 1993) (Fig. 8).
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Fig. 5 a Axial MDCT-image (3 mm thick) shows lymph node
on right side, appearing centrally hypodense (arrowhead):
central necrosis or partial volume averaging of fatty nodal
hilum? b Additionally, a thinner (1.5 mm) reformatting was

This modified Valsalva maneuver may also be of use in
the evaluation of oral cavity tumors, as the inner cheek
walls and gingivobuccal sulci become better visible.

The success rate of these dynamic maneuvers is
variable, especially when an incremental CT tech-
nique is used, and is strongly depending on the
cooperation of the patient. These problems are largely
overcome by MDCT, as the patient has to perform the
maneuver only once during one rapid acquisition.

Dynamic maneuvers are mainly helpful in showing
superficial tumor spread, while the purpose of imag-
ing is describing deep tumor extent. Also, abnormal
mobility of the vocal cord is more accurately seen
during clinical examination than on dynamic imaging
studies. Therefore, the added value of acquiring
images during a dynamic maneuver in staging head
and neck neoplasms is, on average, limited.

4.1.5 Three-Dimensional Image
Reformatting

Three-dimensional (3D) display of the data set is most
often done to evaluate the bony structures of the max-
illofacial skeleton in congenital abnormalities or trau-
matic lesions. Meaningful 3D display of the often subtle
osteolytic changes seen in head and neck malignancies
is rarely possible. However, in some cases of extensive

made through this lymph node in the coronal plane. On this
section, the hypodense nodal region shows fat density and
communicates with the outer nodal border: fatty metaplasia in
nodal hilum. Normal lymph node

bone destruction, 3D displays are helpful for the surgeon
in planning bone resection (Fig. 9).

Virtual endoscopy of the larynx and hypopharynx
has been studied; otolaryngologists rank such 3D ima-
ges as more beneficial than radiologists, usually in bulky
masses that precluded definitive direct endoscopic
evaluation (Silverman et al. 1995). This technique does
not show the adjacent soft tissues, and its clinical role is
not exactly defined (Magnano et al. 2005).

4.2 Magnetic Resonance Imaging

MRI of the head and neck can be performed on low-
field or high-field machines. At comparable measur-
ing time, the high-field (>1.5T) machines provide a
better signal-to-noise ratio and a higher spatial reso-
lution. Currently, the experience on 3T systems
regarding the investigation of head and neck tumors is
steadily increasing.

4.2.1 Patient Positioning

Similar to CT, the image acquisition is performed
with the patient in supine position, and during quiet
respiration. The head and neck should be aligned and
symmetrically positioned. Every effort should be
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Fig. 6 Axial MDCT-image
at level of oral cavity and
oropharynx, obtained with a
zero degree gantry tilt (a), is
severely degraded by artifacts
arising from dental fillings.
By obtaining additional
images with angulation of the
gantry around the dental
fillings (b), optimal image
quality could be achieved at
this level (¢, d). (Courtesy of
Ilona Schmalfuss, MD,
Gainesville, Fl, USA)

made to make the patient feel as comfortable as
possible. The patient should be instructed not to move
during the examination, and to try not to cough during
the image acquisition. The patient should not be
prohibited to swallow as this is hardly feasible in
clinical practice as the imaging sequences take several
minutes each.

4.2.2 Coils

The choice of the receiver coil is dictated by the
localization of the disease process. If the tumor is
localized in the oral cavity or infrahyoid part of the
neck, the neck coil should be used. When the patient
suffers neoplastic disease at the level of the skull base,
sinonasal cavities, face, parotid glands or nasopharynx,
the head coil should be selected. A disadvantage of

using a single receive coil however is the inability to
cover the entire neck for evaluation of nodal stations.

This may be of particular importance in nasopha-
ryngeal, tongue or oropharyngeal cancer which are
frequently associated with adenopathies throughout
the neck. Modern machines, at field strengths of 1.5
and 3 T, allow to image the entire head and neck,
either by a combination of a standard head coil and
2-channel dedicated surface coil or an integrated
head-neck coil of 12 or more coil elements.

A possible drawback of combining head and neck
coils is that both coils have a distinctive coil design,
inducing heterogenous recipient field characteristics at
the crossover between the two coils, which translates
into local signal loss, distortion and heterogeneous
incomplete fat saturation. This drawback can be partially
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Fig. 7 Patient suffering
cancer of the lateral tongue
edge. a, b Sagittal and axial
reformatted CT-image,
obtained after a standard
MDCT acquition with closed
mouth (a). This study did not
show the extent of the primary
tumor because of dental filling
artifacts (b). Tilting the gantry
would not have solved the
problem in this patient, as the
dental fillings are close to the
tumor. ¢, d Because of a
contra-indication for MRI, an
additional CT-study was
performed with the mouth of
the patient widely opened (c).
This brings the region of the
tongue tumor (d, arrowheads)
out of the dental filling
artifacts

overcome by meticulous shimming, coil and patient
position and the use of sequences with short echo-trains.
As such, an integrated head-neck coil that provides a
homogeneous pattern of full receiver coil coverage with
a high signal-to-noise ratio and minimized artifacts is
preferred for imaging of the entire head and neck.

4.2.3 Standard Sequences

After obtaining scout images, a standard examination of
the head and neck should start with a T2-weighted turbo
spin-echo (TSE) sequence. Compared to a conventional
T2-weighted spin-echo (SE) sequence, a TSE sequence
takes less time to perform, reducing motion artifacts and
improving image quality. However, the high signal
intensity of fat on a T2-weighted TSE sequence can be a
disadvantage, as this may reduce the contrast between a
tumor and the surrounding tissues. The contrast can be
improved by performing the sequence with either a

chemical shift-moderated fat suppression technique
(chemical shift-selective fat suppression or water-
selective excitation) or by applying an additional
inversion recovery preparation pulse with a short
inversion time (SPIR, SPAIR, STIR).

The high signal intensity of fat and bone marrow
on a plain T1-weighted SE or TSE sequence is often
very helpful to determine tumor extent, as it contrasts
clearly with the low signal intensity of most tumors.
Repetition of this sequence after injection of gado-
linium-DTPA, and comparison with the pre-injection
sequence, allows to determine the areas of contrast-
enhancement and to differentiate these areas from fat.

A fat-saturated T1-weighted SE sequence after
injection of gadolinium-DTPA may be helpful, as
the contrast between enhancing tissue and fat is
increased, but at the cost of some more susceptibility
artifacts and a longer acquisition time.



42

R. Hermans et al.

Table 1 MDCT data acquisition and native image reconstruction parameters

16-row 64-row 128- row

Neck® Collimation 16 x 0.75 mm 64 x 0.6 mm 128 x 0.6 mm
F:aceb b Feed/rotation 10.2 17.3 mm 30.7 mm
Sinonasal cavities

Rotation time ls ls ls

kV 120 120 120

MAS.g 250¢ 250¢ 230°¢

sliceqs 1 mm 1 mm 1 mm

slice interval 0.7 mm 0.7 mm 0.5 mm
Temporal bone® Collimation 2 x 0.6 mm 12 x 0.3 mm 16 x 0.3 mm
Skull base® Feed/rotation 1.2 mm 1.8 mm 4 mm

Rotation time ls ls 1s

kV 140 140 140

MAS.g 220 260 240

sliceqs 0.6 mm 0.6 mm 0.4 mm

slice interval 0.2 mm 0.2 mm 0.2 mm

mAs.; = effective mAs
slice.i = effective slice thickness
* soft tissue algorithm

® both soft tissue and bone detail algorithm in tumoral pathology

¢ effectively used mAs may be lower (determined by automatic exposure control system)

Table 2 MDCT-image reformatting for display

Slice thickness

Neck 3 mm
Face, sinonasal cavities, skull base (soft tissue detail) 2 mm
Temporal bone, skull base (bone detail) 0.8 mm

Depending on the investigated region, a slice
thickness of 3—4 mm is optimal, with an interslice gap
of 0-50%. The FOV is similar to what is described
above for CT. The imaging matrix should be at least
256 x 256, but in recent years more often a base
matrix of 384 or 512 is advocated, especially for
lesions in and around the skull base and sinonasal
cavities.

The plane of section is chosen according to the
localization of the disease process. For most neck
lesions, it is appropriate to start with a T2- and T1-
weighted sequence in the axial plane, and to continue
with a gadolinium-enhanced axial, coronal and sag-
ittal T1-weighted sequence. In general, the axial plane
should be, similar as for CT, parallel with the hard
palate when dealing with suprahyoid pathology, and
parallel with the vocal cords when dealing with
infrahyoid pathology. In naso-ethmoidal neoplasms, it

Slice interval  Image plane

3 mm Axial + coronal + sagittal
2 mm Axial + coronal + sagittal
1 Axial + coronal (sagittal if needed)

may be more useful to start the study with a coronal
T2- and T1-weighted sequence, in order to better
evaluate potential spread to the anterior cranial fossa.

The use of very fast imaging such as single-shot
techniques is usually not recommended. Single-shot
techniques have in general a lower signal-to-noise
ratio and are very sensitive to magnetic field inho-
mogeneities (susceptibility effects). Also, single-shot
sequences often yield a somewhat blurred image,
impairing visualization of thin structures or making
accurate delineations. In case of uncooperative
patients or when fast scan time is absolutely required,
patient positioning and shimming should be per-
formed with the utmost precision. If patient move-
ment is within limits, a segmented approach, probing
the entire k-space into several separate acquisitions
and thereby reducing the echo-train length, is pref-
erable to minimize the above-mentioned drawbacks.
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Fig. 8 Contrast-enhanced single-slice spiral CT-images in a present (arrowhead). b Axial image obtained during modified
patient suffering cancer of the pyriform sinus. a Axial image Valsalva maneuver. The right pyriform sinus expands some-
during quiet breathing shows subtle soft tissue thickening in the =~ what less than the opposite one; the mucosal irregularity
apex of the right pyriform sinus (arrow); some evidence of produced by the cancer is now better visible (arrowheads)
subtle infiltration or displacement of the paraglottic space fat is

Fig. 9 a Axial contrast-enhanced MDCT-image. Large floor enhancing adenopathies are visible on both sides of the neck
of the mouth cancer, massively invading the right side of the (arrowheads). b Extent of mandibular bone destruction can
mandible (arrows). Several small but inhomogenously easily be appreciated on 3D reformatting
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The use of parallel imaging grants the benefit of a
reduced scan time with the same image quality, or a
comparable scan time but with a better image quality.
In practice this means that patient movement artifacts
can be reduced and signal-to-noise ratio increased,
making parallel imaging an ideal addition to head and
neck MR imaging. However, as successful application
of the parallel imaging reconstruction algorithm is
very dependent on both magnetic field and receiver
coil homogeneity, a combined use of several head and
neck coils (see above) limits the use of parallel
imaging. When using the newer systems with a large
number of homogeneous receiver coils, application of
parallel imaging is encouraged for comprehensive
evaluation of the head and neck area.

Example parameters for head and neck MRI are
listed in Table 3.

4.2.4 Contrast Agents

In MR-studies for head and neck neoplasms, obtaining
sequences before and after injection of gadolinium-
DTPA (at a dose of 0.1-0.2 mmol/kg body weight) is
mandatory. Most neoplasms will show increased signal
intensity after contrast-agent injection. This will usu-
ally increase the contrast between the tumor and the
surrounding lesions. However, tumors infiltrating bone
marrow may become less well visible after contrast
injection, as their signal intensity may become similar
to that of the surrounding bone marrow; this problem
can be solved by obtaining a fat-suppressed sequence

Table 3 Example parameters for full head and neck examination at a 1.5T with combination of head and neck coils and at b 3T

with integrated head and neck coil

Parameter

A) 1.5T
Sequence type

Pre-contrast T2-
weighted imaging

T2-weighted Turbo

Pre-contrast diffusion-

weighed imaging

Spin-echo echoplanar

Dynamic contrast-
enhanced imaging

3D spoiled gradient

Pre- and Post-contrast T1-
weighted imaging

T1-weighted Turbo spin-

spin-echo (TSE) imaging (SE-EPI) echo echo (TSE)
Field of view (mm) 203 x 250 203 x 250 225 x 300 203 x 250
Matrix 291 x 512 104 x 128 134 x 256 333 x 512
Pixel size (mm) 0.70 x 0.49 1.95 x 1.95 1.68 x 1.17 0.61 x 0.5
Number of slices 48 48 48 30
Slice thickness 4 4 4.4 4
(mm)
Interslice gap (mm) 0.4 0.4 0 0
TR/TE (ms) 3,080/106 7,400/84 4.3/1.6 532/8.3
Phase encoding Anteroposterior Anteroposterior Anteroposterior Anteroposterior
direction
Averages 2 3 1 2
Phase partial 0.875 0.75 0.75
Fourier
Bandwidth 136 1,502 350 195
(Hz/pixel)
Turbo factor/echo- 19 104 - 7
train length ()
Parallel imaging - - - -
factor
B-values (s/mm?®) - 0, 50, 100, 500, 750, = =

1,000

Saturation - Fatsat - - (If needed)
Scan time 5:42 6:03 3:29 for 25 5:11
(min:sec) measurements

(continued)
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Table 3 continued

Parameter

(B) 3T

Sequence type

Pre-contrast T2-
weighted imaging

T2-weighted Turbo

spin-echo (TSE)

Pre-contrast
diffusion-weighed
imaging

Spin-echo echoplanar
imaging (SE-EPI)

Dynamic contrast-enhanced

imaging

3D spoiled gradient echo

Pre- and Post-contrast
T1-weighted imaging

T1-weighted Turbo
spin-echo (TSE)

Field of view 240 x 220 228 x 190 294 x 395 240 x 220
(cm)
Matrix 377 x 440 116 x 100 248 x 360 303 x 400
Pixel size (mm) 0.64 x 0.50 1.96 x 1.90 1.19 x 1.10 0.79 x 0.55
Number of slices 54 2 stacks of 28 162 55
Slice thickness 3.5 4 1.3 3.5
(mm)
Interslice gap 0.4 0.4 0 0.35
(mm)
TR/TE (ms) 4,476/90 5,045/64 3.4/1.65 666/16
Phase encoding Anteroposterior Anteroposterior Anteroposterior Anteroposterior
direction
Averages 2 2 1 2
Phase partial 1 0.689 0.625 1
Fourier
Bandwidth 194 2,896 1,206 196
(Hz/pixel)
Turbo factor/ 24 61 - 7
echo-train length
0
Parallel imaging 2 2 2 3
factor
B-values (s/mm?)  — 0, 50, 100, 500, 750, - -
1,000
Saturation - Short tau inversion Spectral selection attenuated - (If needed)
recovery (STIR) inversion recovery (SPAIR)
Scan time 3:48 2 x 2:47 3:15 for 20 measurements 3:39
(min:sec)

(see above). Tumor necrosis becomes better visible
after injection of gadolinium; this is of particular
importance in staging the neck nodes (see “Neck
Nodal Disease”).

Ultra-small ~ superparamagnetic  iron  oxide
(USPIO) particles are captured by macrophages in
normally functioning lymph nodes. As a result,
signal intensity reduction is observed in tissues
accumulating these particles because of the sus-
ceptibility effects of iron oxide. Metastatic lymph
nodes show a hyperintensity on sequences weighted
to these effects. Some promising results have been

obtained in the head and neck, but technical prob-
lems regarding motion, susceptibility artifacts and
spatial resolution still need to be solved (Sigal et al.
2002).

4.2.5 Additional MRI Techniques

Although defining the extent of the primary tumor is
often possible based on anatomical criteria, identifi-
cation of small nodal metastasis remains challenging.
Also the distinction of post-therapeutic tissue changes
from residual tumor may be difficult. In recent
years, progress has been made in the application
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of functional MRI in head and neck imaging
(Vandecaveye et al. 2010).

While the clinical application of MR-spectroscopy
(MRS) remains challenging, dynamic contrast-
enhanced MRI (DCE-MRI) and diffusion-weighted
MRI (DWI) can now be used as complementary
imaging tools in the locoregional imaging evaluation
of head and neck cancer.

4.2.5.1 Dynamic Contrast-Enhanced Magnetic
Resonance Imaging

The tumoral vascular network is substantially differ-

ent from a morphological and functional point of view

compared to normal blood vessels, resulting in a

heterogeneous blood flow, with increased capillary

permeability (Carmeliet and Jain 2000).

DCE-MRI uses serial imaging with high temporal
resolution over a lesion or anatomical area prior to,
during and after the bolus injection of a gadolinium-
based contrast agent to depict the perfusion proper-
ties of tumoral lesions. For head and neck imaging, a
T1-weighted gradient-echo sequence is usually pre-
ferred over T2*-based dynamic susceptibility con-
trast MRI (DSC-MRI). Compared with DSC-MRI,
DCE-MRI requires less contrast agent and is far less
prone to susceptibility artifacts. Most importantly,
the signal intensity changes caused by the contrast
agent are much slower than in DSC-MRI, and
therefore a lower time resolution is allowed (around
4-8 s/volume), providing the opportunity to obtain
larger anatomical coverage and higher spatial reso-
lution images, while retaining perfusion information
(Fig. 10). Also, the positive contrast enhancement
used in the Tl-weighted DCE-MRI allows more
easy lesion identification compared to the negative
contrast-enhancement of the T2*-weighted DSC-
MRI

In both normal and tumoral tissue, the injected
contrast will leak from the vessels into the interstitial
space with a variable rate and will start to wash out
when the interstitial concentration exceeds the intra-
vascular concentration. The main parameters influ-
encing this rate of interstitial contrast leakage are
contrast inflow into the tissue, vessel wall permeability
and the total vessel surface area (Padhani 2003).

The signal intensity curve, obtained from the
consecutive sequences over time, holds information
about tumor perfusion, tracer uptake and blood

volume. After the contrast injection, the enhancement
pattern will typically consist of three phases: the
upslope or rapid arterial enhancement, the point of
maximum enhancement and delayed washout. The
dynamic signal enhancement on T1-weighted DCE-
MRI can be assessed by semi-quantitative evaluation
of the signal intensity curve or by quantification of the
change of contrast-agent concentration using phar-
macokinetic modeling techniques. Semi-quantitative
parameters evaluate discrete points of the signal
intensity curve while ignoring the information in the
rest of the curve; these include the maximal contrast-
enhancement, time to maximal contrast-enhancement
(time to peak) and the speed of arterial contrast-
enhancement (initial slope) (Fig. 10). Their main
advantage is their robustness, facilitating their use in
clinical routine, although it should be kept in mind
that semi-quantitative parameters do not reflect con-
trast medium concentration in tissues and may show
variability because of scanner settings and differences
in interpatient cardiovascular physiology (Padhani
2003). Therefore, in order to decrease intra- and
interpatient variability during treatment follow-up,
normalization of contrast-uptake may be done by
analyzing contrast-enhancement in a feeding artery
and normalizing the tissue measurements to this
arterial input function (AIF) (Port et al. 2001).

For quantitative analysis, the entire contrast-time-
curve is fitted by a curve model based on biological
assumptions, such as blood volume, blood flow or
permeability. Quantitative parameters that are inves-
tigated include the volume transfer constant of the
contrast agent (K"™") and the rate constant (kep),
which are calculated based on a two compartment
model correlating the tissue tracer concentration to
the difference between arterial plasma and interstitial
fluid concentrations (Tofts and Kermode 1991).
These parameters have the advantage that they show
closer correlation to underlying biologic processes of
the vasculature, such as the permeability surface area
and flow. However, quantified models are more
complex to analyze, less robust and more susceptible
to artifacting, making them more difficult to use in
clinical routine.

An intermediate solution to quantify perfusion is
the use of the initial area under the signal intensity
curve (IAUC) or contrast medium concentration
curve (IAUGC) (Padhani 2003).
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Fig. 10 Patient with persistent pain in the right oropharyngeal
area, 4 months after end of chemoradiotherapy for a base of
tongue cancer. T1-weighted (a), T2-weighted (b) and contrast-
enhanced T1-weighted spin-echo sequence (¢) show some soft
tissue thickening in the right glossotonsillar sulcus and anterior
tonsillar pillar (arrow). B1000 diffusion-weighted weighted

4.2.5.2 Diffusion-Weighted Magnetic Resonance
Imaging

DWI allows for tissue characterization based on
changes in the random movement of tissue water
molecules (Le Bihan et al. 1988). In solid malignant
tumors, the high cellular density, intact cellular
membranes and diminished extravascular extracellu-
lar space (EES), restricts the random movement of
water (Fig. 10). Contrary, in necrosis and inflamma-
tion, the low cellular density and increased EES
facilitates the random water movement.

Spin-echo EPI-based DWI (SE-EPI-DWI) is most
frequently used for imaging of head and neck cancer.
The major advantage of an EPI readout sequence is

image (d) shows hyperintensity in this area, while the native
dynamic contrast-enhanced image (e) and corresponding per-
fusion map (initial slope, f) indicate hypervascularity (arrows).
These findings are suspect for persistent or recurrent tumor.
Histopathology after surgical resection confirmed presence of
squamous cell carcinoma

the inherent rapidity as it is a single-shot sequence
without the need for refocusing radiofrequency pul-
ses. This allows to scan relatively large volumes with
multiple b-values in a short time period, making the
technique suitable for the simultaneous evaluation of
the primary tumor site and all nodal stations in the
head and neck (Vandecaveye et al. 2010). As a
drawback, SE-EPI-DWI is highly sensitive to sus-
ceptibility artifacts, possibly reducing diagnostic
quality. Single-shot turbo spin-echo (SS-TSE)-DWI
may be considered as an alternative sequence for EPI-
DWI, as this sequence lacks these kinds of artifacts
(De Foer et al. 2008). However, because of the
inherent need of 180° spin-echo pulses, SS-TSE-DWI
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Fig. 11 Localizer image in the coronal (a) and sagittal plane
(b), obtained on a 3T system. The imaging volumes (red boxes)
are divided into two sub-volumes, respectively extending from
the skull base to the level of the hyoid and from the hyoid to the

is limited by a high specific absorption rate (SAR),
and is time consuming; therefore it cannot be used for
screening of the entire neck or for examinations that
require the inclusion of multiple b-values. Addition-
ally, the higher echo time (TE) of SS-TSE-DWI
compared to SE-EPI-DWI leads to an unfavorable
SNR making the detection of tumoral lesions more
difficult. Therefore, SS-TSE-DWI is only useful for
evaluation of a limited anatomical area, where sus-
ceptibility artifacts make the application of SE-EPI-
DWI nearly impossible.

Because of the sensitivity of DWI to artifacts, a
number of technical optimizations are pivotal to
preserve diagnostic imaging quality. First, it is
important that the shortest possible TE is selected,
maximizing the signal-to-noise ratio, and minimizing
susceptibility and fat-shift artifacts. This requires the
scanner to be equipped by a strong gradient system
and the use of a high bandwidth. Second, one should
rather not use unrealistically high DW imaging
matrices, as this increases the echo-train length,
introducing T2* and susceptibility artifacts. In most
clinical settings, an imaging matrix of 128 is suffi-
cient, although in low-susceptibility areas it can be
increased up to 192. The third and most important

thoracic inlet. Shim boxes (green box and orange box) have
been adapted in the phase encoding direction, excluding the air
around the head and neck

issue concerns positioning of the shim block, which
should be placed manually instead of using the
automatic shim leading to a strong decrease of dis-
tortion artifacts (Fig. 11). Currently, no uniform
guidelines exist to optimize shimming, but usually,
the shim should be tailored around the total head and
neck, excluding large areas of air surrounding the
neck at 3T MR-systems. At 1.5T MR-systems, or
when using a combination of a standard head coil and
2-channel dedicated surface coil, the shim box should
only cover the spine and deep muscles of the neck,
while excluding as much as possible any moving or
air-containing structures.

Finally, when DWI needs to cover the entire head
and neck, the imaging volume can be subdivided into
two separate but spatially linked scan volumes; one
extending from the skull base down to the level of the
hyoid, and the second one extending further down to
the aortic arch. This allows closer positioning of each
imaging stack to the isocenter of the magnet, mini-
mizing geometric distortion and failed fat suppression
at the slices further away from the isocenter.

DWI can be evaluated in a qualitative and quan-
titative way. Qualitative analysis using DWI at a
single high b-value (usually b = 1000 s/mm?) offers
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Fig. 12 Patient suffering floor of the mouth cancer. a Sagittal
contrast-enhanced MDCT-image shows primary tumor
at the junction of the floor of the mouth and oral tongue
(arrowheads). b Axial MDCT-image. Slightly enlarged lymph
node (minimal axial diameter 12 mm) in the submandibular
region (arrow): suspect for metastatic adenopathy. c—e Axial
diffusion-weighted MR-images. Compared to the b = 0 image

high sensitivity for detection of tumoral disease but
has relatively low specificity (Takahara et al. 2004).
Such images can be used for the rapid depistation of
potentially tumoral localizations. However, DWI-
based tissue characterization, especially of lymph
nodes, often requires additional calculation of the
apparent diffusion coefficient (ADC) (Fig. 12).

In head and neck DWI, 3 up to 6 b-values ranging
from 0 to 1000 ssmm” are preferentially used.
The large number of b-values improves the accuracy
of the ADC-calculation, by minimizing the influence
of movement and noise propagation. Also, in
highly vascular tumors, the addition of non-zero low
b-values can be used to eliminate vascular contribu-
tions that may falsely increase ADC values by an
additional but variable influence of microperfusion
(Thoeny et al. 2005). A DWI-sequence with six
b-values and 4 mm slice thickness typically takes
around 5 min on a 1.5 Tesla system, and around
3 min on a 3 Tesla system.

(c), the signal clearly reduced in the adenopathy (arrow) on
the b = 1000 image (d), indicating easy diffusion of water
protons. The ADC-map (e) shows a relative high signal
(ADC >0.00130 mmz/s). These findings are consistent with a
benign adenopathy. After neck dissection, histologically no
tumor was found in this lymph node

5 Nuclear Imaging

5.1 Physical Aspects
Positron emission tomography (PET) allows evalua-
tion of the biodistribution of small amounts of posi-
tron-emitting radiopharmaceuticals and is considered
the most sensitive and specific technique for in vivo
imaging of metabolic pathways and receptor—ligand
interactions in the tissues of men (Jones 1996).
PET uses radioisotopes of natural elements, such as
oxygen-15, carbon-11, nitrogen-13 and fluorine-18,
which can be used for labeling of most biomolecules,
without altering their biochemical properties.
Positron-emitting isotopes decay by emission of a
positron, which is the positively charged antiparticle
of the electron. Positrons are formed during the decay
of nuclides that have a large number of protons in
their nuclei compared with the number of neutrons,
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Fig. 13 After the decay of a positron-emitting radioisotope,
the positron annihilates with an electron, resulting in the
creation of two annihilation photons, each having an energy
of 511 keV. In a PET camera, a large number of detectors
are installed in a ring-shaped pattern around the patient,
enabling the simultaneous detection of the opposed photons
within a narrow time-window, the so-called “coincidence
detection”

which makes them unstable. After its emission, the
positron travels a short distance until it annihilates
with an electron. In this process, the positron and
electron masses are converted into 2 photons that
travel apart in nearly opposite directions (180°) with
an energy of 511 keV each (Fig. 13). PET tomo-
graphs are designed to detect these photon pairs and
to reconstruct tomographic images of the regional
tracer distribution. Detector pairs are installed in a
ring-shaped pattern for the detection of the opposed
photons within a narrow time-window, enabling the
so-called “coincidence detection”. Because of this
“electronic” collimation, PET does not require col-
limators as they are necessary in single photon mea-
surements with gamma cameras. This results in a
significantly higher sensitivity of PET compared to
SPECT. The sensitivity of PET can be further
improved by adding extra detector rings, increasing
the axial coverage (Townsend 2008). Compared with
SPECT, PET has a relatively high spatial resolution
of 4-6 mm. Recent PET cameras are equipped with
detectors of smaller size, enabling the detection of

smaller lesions which is particularly important in
patients with head and neck cancer. However, the
physics of PET impose certain well-known limita-
tions on the spatial, temporal and contrast resolution
that can be attained in a particular situation. Both the
range the positron travels until annihilation and the
residual momentum of the positron—electron pair
degrade the spatial resolution and will limit the res-
olution of future whole body PET cameras to
approximately 2 mm.

5.2 Radiopharmaceuticals

5.2.1 '®Fluorodeoxyglucose

The tracer most commonly used worldwide is Fluorine-
18-labeled 2-fluoro-2-deoxy-p-glucose, [ *F]IFDG. This
is a b-glucose molecule in which a hydroxyl group in the
2-position is replaced by a positron-emitting '*F. Sev-
eral decades ago, Warburg et al. described the higher
rate of glucose metabolism in cancer cells compared to
non-malignant tissue (Warburg 1956). After malignant
transformation, there is an increased expression of epi-
thelial glucose transporter proteins and an up-regulation
of hexokinase activity. After intravenous injection, FDG
distributes throughout the body in proportion to glucose
metabolism of tissues. Glucose transporters facilitate
FDG uptake in tumor cells and hexokinase subsequently
phosphorylates FDG to FDG-6-phosphate. FDG-6-
phosphate is not metabolized in the glycolytic pathway
because it lacks a hydroxyl group in position-2. As most
tumor cells do not contain significant amounts of glu-
cose-6-phosphatase, FDG-6-phosphate will accumulate
in the cell, resulting in the so-called “metabolic trap-
ping” (Fig. 14) (Pauwels et al. 1998).

It has been demonstrated that increased FDG
uptake by malignant cells, although a function of the
proliferative activity, is mainly related to the number of
viable tumor cells (Higashi et al. 1993). However, some
benign tumors can also consume considerable amounts
of glucose, as can be seen in Warthin tumors of the par-
otid gland. In addition, inflammatory tissue may exhibit
an increased FDG uptake due to glycolytic activity in
neutrophils, eosinophils, macrophages and proliferating
fibroblasts, to a degree sometimes more marked than in
malignant cells, resulting in a false positive FDG-signal
(Kubota et al. 1992). This can be a problem in the field of
therapy monitoring, where posttreatment inflammation
may raise the overall FDG uptake, causing an
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Fig. 14 Uptake kinetics of glucose and FDG in a tumor cell.
Glucose transporters facilitate FDG uptake in tumor cells and
hexokinase subsequently phosphorylates FDG. The phosphor-
ylated product FDG-6-phosphate is not metabolized in the
glycolytic pathway and the activity of glucose-6-phosphatase in
tumor tissue is low, resulting in the metabolic trapping of FDG-
6-phosphate in the tumor cell

underestimation of treatment effectivity and a decrease in
the specificity of FDG-PET (Schoder et al. 2009). For this
reason FDG-PET after radiotherapy should not be per-
formed before 8—12 weeks after the end of treatment of
head and neck tumors. Alternatively, some more tumor-
specific tracers have been proposed, which should be less
sensitive to inflammatory conditions.

5.2.2 '®Fluorothymidine

'8E_labeled fluorothymidine, '®*FLT, is utilized in
oncology as a marker of cellular proliferation.
Thymidine is a native nucleoside, which is used by
cells for DNA replication. FLT enters the cell,
undergoes phosphorylation by thymidine kinase 1
and is being accumulated in the cytosol instead of
being trapped into DNA. Thymidine kinase 1
activity is high in proliferating cells and low in
quiescent cells.

5.2.3 '®FET and "'C-MET

Labeled amino acid analogs like '®F-fluoro-ethyl-
tyrosine ("®FET) and ''C-methionine (''C-MET)
have been developed for tumor detection. Increased
amino acid metabolism results in an accumulation
of amino acids in tumor cells. Compared to FDG,
the uptake of amino acids in inflammatory cells is
lower.

Fig. 15 A schematic design of a modern PET/CT camera,
combining a PET camera and a diagnostic CT-scanner within
one gantry. A standard whole body FDG-PET/CT protocol is
started 60 min after the intravenous injection of FDG and
includes a low-dose spiral CT acquisition without contrast,
followed by a PET acquisition of the same region and followed
by a complementary contrast-enhanced CT-study

5.3 Technical Aspects of FDG-PET
and Integrated FDG-PET/CT in Head

and Neck Cancer

FDG-PET relies on the detection of metabolic
alterations in cancer cells, independent of structural
features as provided by morphologic imaging tech-
niques like contrast-enhanced CT and MRI. Especially
in the post-treatment setting, morphologic imaging
modalities have distinct limitations in accurate identi-
fication of viable tumor within residual masses, in the
identification of small tumor deposits (e.g. in normal-
size lymph nodes), and in the characterization of sec-
ondary enlarged inflammatory lymph nodes (McCabe
and Rubinstein 2005). Postradiation changes and ana-
tomic distortions limit the diagnostic accuracy of these
anatomic-based imaging studies in the head and neck
region. Since biochemical and cellular changes precede
size reduction, there is an increasing interest in reponse
imaging in-vivo using molecular imaging with FDG-
PET. Moreover, FDG-PET has an advantage over
conventional imaging because of its whole body cov-
erage and its sensitivity to distant lesions that may be
missed by conventional imaging.

A major limitation of FDG-PET in the neck is the
inadequate anatomic information inherent in meta-
bolic imaging. The interpretation of FDG-PET images
of the head and neck is particularly difficult because
of the presence of multiple sites showing a variable
degree of physiological FDG accumulation, such as
the salivary glands, lymphoid tissues, muscles and
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Fig. 16 FDG-PET and fused
FDG-PET/CT slices
illustrating the improvement
in image quality between
standard whole body images
and dedicated high-resolution
head and neck images in a
patient with a lymph node
positive for squamous cell
carcinoma on the right side of
the neck, and an unknown
primary tumor. a Whole body
images demonstrate avid FDG
uptake at the base of the
tongue (red arrow) and at
both sides of the neck (blue
and green arrows).
Interpretation of these FDG
spots is difficult because of
CT-related artifacts,
insufficient image resolution
of both PET and CT, and the
presence of FDG uptake in
brown fat and muscle.

b Dedicated head and neck
images clearly show the
primary tumor at the base of
the tongue (red arrow) and a
positive lymph node at both
sides of the neck (blue and
green arrows). These
dedicated fused head and neck
images allow easy
differentiation between tumor
and physiological FDG
uptake in brown fat or muscle

brown adipose tissue (“USA-Fat”). The introduction
of combined PET/CT scanners has overcome this
problem by providing coregistered metabolic and
anatomic information (Fig. 15). Combined PET/CT
has proven to be more accurate than stand-alone
FDG-PET by improving the differentiation between
physiologic and pathologic FDG uptake and by pro-
viding a more accurate tumor localization, hence
reducing the number of equivocal findings (Goshen
et al. 2006). In addition, FDG-PET image quality can
be improved by instructing patients not to speak

during the FDG uptake phase and by pharmacological
interventions with diazepam, reducing muscular
uptake, or with propranolol, reducing FDG uptake in
brown adipose tissue.

Until today, independent of the tumor type, clinically
combined PET/CT imaging is usually performed as a
whole body imaging tool, which has intrinsic limitations
in terms of resolution (affecting sensitivity) and false
positive findings (affecting specificity). Moreover, the
CT-part of this examination is most often performed as a
low-dose non-diagnostic non-contrast CT, which is
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sufficient for attenuation correction and anatomic cor-
relation of the PET images, but does not offer the image
quality of a diagnostic CT-scan. Hence, this whole body
approach using general reconstruction algorithms is less
suitable for imaging of a complex and dense anatomic
region like the neck. Recent data advocate the use of
high-resolution head and neck PET/CT protocols for the
detection of small lymph node metastases in the neck
(Vogel et al. 2005; Rodrigues et al. 2009). In such a
setting, whole body imaging is being performed for the
detection of metastatic disease, while dedicated high-
resolution head and neck PET/CT imaging is added for
the detection of the primary tumor and/or lymph node
metastases in the neck. Ideally, dedicated head and neck
PET/CT imaging is being perfomed with the arms down
(along the side of the patient) and should include a
diagnostic CT-scan with the use of intravenous contrast.
The PET acquisition and reconstruction parameters
should be optimized for the head and neck region and
smaller pixels should be used, reducing the partial vol-
ume effect which causes an underestimation of FDG
activity in all lesions smaller than twice the spatial
resolution. These improvements enable to optimize
integrated FDG-PET/CT imaging for the detection of
small primary tumors and small nodal metastases in the
head and neck region (Fig. 16).

Because of further technical improvements
and the introduction of newer, more specific radio-
pharmaceuticals, the role of PET/CT imaging in the
management of head and neck tumors is likely to
become even more important in the future.

References

Carmeliet P, Jain RK (2000) Angiogenesis in cancer and other
diseases. Nature 407:249-257

Curtin HD, Ishwaran H, Mancuso AA et al (1998) Comparison
of CT and MR imaging in staging of neck metastases.
Radiology 207:123-130

De Foer B, Vercruysse JP, Bernaerts A et al (2008) Detection of
postoperative residual cholesteatoma with non-echo-planar
diffusion-weighted magnetic resonance imaging. Otol Neu-
rotol 29:513-517

Goshen E, Davidson T, Yahalom R et al (2006) PET/CT in the
evaluation of patients with squamous cell cancer of the head
and neck. Int J Oral Maxillofac Surg 35:332-336

Henrot P, Blum A, Toussaint B, Troufleau P, Stines J, Roland J
(2003) Dynamic maneuvers in local staging of head
and neck malignancies with current imaging techniques:
principles and clinical applications. Radiographics 23:
1201-1213

Higashi K, Clavo AC, Wahl RL (1993) In vitro assessment of
2-fluoro-2-deoxy-p-glucose, L-methionine and thymidine as
agents to monitor the early response of a human adenocar-
cinoma cell line to radiotherapy. J Nucl Med 34:773-779

Jones T (1996) The imaging science of positron emission
tomography. Eur J Nucl Med 23:807-813

Keberle M, Tschammler A, Hahn D (2002) Single-bolus
technique for spiral CT of laryngopharyngeal squamous cell
carcinoma: comparison of different contrast material
volumes, flow rates, and start delays. Radiology 224:171-176

Kubota R, Yamada S, Kubota K et al (1992) Intratumoural
distribution of fluorine-18-fluorodeoxyglucose in vivo: high
accumulation in macrophages and granulation tissues stud-
ied by microautoradiography. J Nucl Med 33:1972-1980

Le Bihan D, Breton E, Lallemand D, Aubin ML, Vignaud J,
Laval-Jeantet M (1988) Separation of diffusion and perfu-
sion in intravoxel incoherent motion MR imaging. Radiol-
ogy 168:497-505

Lell MM, Greess H, Hothorn T, Janka R, Bautz WA, Baum U
(2004) Multiplanar functional imaging of the larynx and
hypopharynx with multislice spiral CT. Eur Radiol
14:2198-2205

Magnano M, Bongioannini G, Cirillo S et al (2005) Virtual
endoscopy of laryngeal carcinoma: is it useful? Otolaryngol
Head Neck Surg 13:776-782

McCabe KIJ, Rubinstein D (2005) Advances in head and neck
imaging. Otolaryngol Clin North Am 38:307—319 vii

Padhani AR (2003) MRI for assessing antivascular cancer
treatments. Br J Radiol 76:S60-S80

Pauwels E, McCready VR, Stoot JH et al (1998) The
mechanism of accumulation of tumour-localising radio-
pharmaceuticals. Eur J Nucl Med 25:277-305

Port RE, Knopp MV, Brix G (2001) Dynamic contrast-
enhanced MRI using Gd-DTPA: interindividual variability
of the arterial input function and consequences for the
assessment of kinetics in tumors. Magn Reson Med
45:1030-1038

Robert YH, Chevalier D, Rocourt NL et al (1993) Dynamic
maneuver acquired with spiral CT in laryngeal disease.
Radiology 189:298-299

Rodrigues RS, Bozza FA, Christian PE et al (2009) Comparison
of whole-body PET/CT, dedicated high-resolution head and
neck PET/CT, and contrast-enhanced CT in preoperative
staging of clinically MO squamous cell carcinoma of the
head and neck. J Nucl Med 50:1205-1213

Schoder H, Fury M, Lee N, Kraus D (2009) PET monitoring of
therapy response in head and neck squamous cell carci-
noma. J Nucl Med 50 Suppl 1:74S—88S

Sigal R, Vogl T, Casselman J et al (2002) Lymph node
metastases from head and neck squamous cell carcinoma:
MR imaging with ultrasmall superparamagnetic iron oxide
particles (Sinerem MR)—results of a phase-III multicenter
clinical trial. Eur Radiol 12:1104-1113

Silverman PM, Zeiberg AS, Sessions RB, Troost TR, Zeman
RK (1995) Three-dimensional imaging of the hypopharynx
and larynx by means of helical (spiral) computed tomog-
raphy. Comparison of radiological and otolaryngological
evaluation. Ann Otol Rhinol Laryngol 104:425-431

Takahara T, Imai Y, Yamashita T, Yasuda S, Nasu S, Van
Cauteren M (2004) Diffusion weighted whole body imaging
with background body signal suppression (DWIBS):



54

R. Hermans et al.

technical improvement using free breathing, STIR and high
resolution 3D display. Radiat Med 22:275-282

Takes RP, Knegt P, Manni JJ et al (1996) Regional metastasis
in head and neck squamous cell carcinoma: revised value of
US with US-guided FNAB. Radiology 198:819-823

Takes RP, Righi P, Meeuwis CA et al (1998) The value of
ultrasound with ultrasound-guided fine-needle aspiration
biopsy compared to computed tomography in the detection
of regional metastases in the clinically negative neck. Int J
Radiat Oncol Biol Phys 40:1027-1032

Thoeny HC, De Keyzer F, Vandecaveye V et al (2005) Effect
of vascular targeting agent in rat tumor model: dynamic
contrast-enhanced versus diffusion-weighted MR imaging.
Radiology 237:492-499

Tofts PS, Kermode AG (1991) Measurement of the blood-brain
barrier permeability and leakage space using dynamic MR
imaging. 1. Fundamental concepts. Magn Reson Med 17:
357-367

Townsend D (2008) Dual-modality imaging:
anatomy, function. J Nucl Med 49:938-955
van den Brekel MW, Castelijns JA, Stel HV et al (1991) Occult
metastatic neck disease: detection with US and US-guided
fine-needle aspiration cytology. Radiology 180:457-461

Vandecaveye V, De Keyzer F, Dirix P et al (2010) Applications of
diffusion-weighted magnetic resonance imaging in head and
neck squamous cell carcinoma. Neuroradiology 52:773-784

Vogel WV, Wensing BM, van Dalen JA et al (2005) Optimised
PET reconstruction of the head and neck area: improved
diagnostic accuracy. Eur J Nucl Med Mol Imaging.
32:1276-1282

Warburg O (1956) On the origin of cancer cells. Science
123:309-314

Wirth S, Meindl T, Treitl M, Pfeifer KJ, Reiser M (2006)
Comparison of different patient positioning strategies to
minimize shoulder girdle artifacts in head and neck CT. Eur
Radiol 16:1757-1762

combining



Laryngeal Neoplasms

Robert Hermans

Contents
1 Introduction.................c. 55
2 Normal Laryngeal Anatomy ............c..ccccocerveennnne. 56
2.1 Laryngeal SKeleton.........ccocevieciiinieninincncieceee. 56
2.2 Mucosal Layer and Deeper Laryngeal Spaces......... 56
2.3 Normal Radiological Anatomy ........c..ccccecevuevecnnenne. 58
3  Squamous Cell Carcinoma............cc.cccooceveiennnne. 58
3.1 General Imaging Findings........cccccccvvenineniiecncne. 61
3.2 Neoplastic Extension Patterns

of Laryngeal Cancer...........ccccoeivieiiiniciniciciieenns 62
4  Prognostic Factors for Local Outcome

of Laryngeal Cancer 69
4.1 Treatment OPtiONS ......ccceeveeeeirrerienieieieieeieieeeeeieees 69
4.2 Impact of Imaging on Treatment Choice

and Prognostic ACCUTaCy.......cccvevverieeeenenienieienenne. 71
4.3 Use of Imaging Parameters as Prognostic Factors

for Local Outcome Independently from the TN-

Classification .........ccceveueirieenirieereeieeeeeeeeees 72
5  Posttreatment Imaging in Laryngeal Cancer ...... 77
5.1 Expected Findings After Treatment..........cccccoeueneee. 77
5.2 Persistent or Recurrent Cancer ...........ccccoeeeueeveveuennn. 81
5.3 Treatment Complications ...........cccccoevveueiiveicviennnns 85
6  Non-Squamous Cell Laryngeal Neoplasms........... 88
6.1 Minor Salivary Gland Neoplasms..........ccccceeveenenne. 88

6.2 Mesenchymal Malignancies......... . 88
6.3 Hematopoietic Malignancies

References.............occeevuieieriinieiieieeetee e 92

R. Hermans (D<)

Department of Radiology, University Hospitals,
Herestraat 49, 3000 Leuven, Belgium

e-mail: Robert.Hermans@uz.kuleuven.ac.be

Abstract

Most laryngeal neoplasms are squamous cell can-
cers, and the larynx is a relative frequent site of head
and neck malignancy. Although most laryngeal
cancers are detected clinically, and their superficial
extent can be well evaluated by endoscopic exam-
ination, imaging is required to evaluate the frequent
submucosal spread of these tumors. Accurate stag-
ing of laryngeal cancer requires imaging, and the
radiological findings affect tumor staging and treat-
ment choice. This chapter reviews the normal
anatomy of the larynx, and focuses on the imaging
findings in laryngeal squamous cell cancer, both
before and after treatment. The prognostic value of
imaging-derived parameters is explained. The
radiological findings in less common laryngeal
tumor types are also reviewed.

1 Introduction

The larynx is one of the most frequent head and neck
cancer sites. Nearly all laryngeal malignancies are
squamous cell carcinomas. Cigarette smoking and
excessive alcohol consumption are well-known risk
factors. An important factor in the treatment planning of
laryngeal neoplasms is the accuracy of pretherapeutic
staging. As most laryngeal tumors are mucosal lesions,
they often can be seen directly or indirectly, but the
limitations of clinical and endoscopic tumor evaluation
are well recognized. The clinical and radiological eval-
uation of laryngeal tumors are complementary; the
combination of the obtained information will lead to the
most accurate determination of tumor extent. Imaging
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may be used to monitor tumor response and to detect
recurrent or persistent disease as early as possible.

2 Normal Laryngeal Anatomy

Essentially, the larynx consists of a supporting skel-
eton, a mucosal surface, and in between a soft tissue
layer containing fat, some ligaments and muscular
structures (Figs. 1, 2, 3, 4).

2.1 Laryngeal Skeleton

The laryngeal skeleton is made up of cartilage and
fibrous bands. The foundation of the larynx is the cri-
coid cartilage. The cricoid cartilage is the only com-
plete cartilaginous ring in the airway. Its horizontal
ring-shaped part is known as the arch (arcus), while the
higher posterior part is called the lamina. Two paired
facets are found at the upper margin of the lamina,
allowing articution with the arytenoid cartilages.

The largest supporting cartilage is the thyroid carti-
lage, essentially consisting out of two wings or laminae.
The teardrop-shaped epiglottis extends downward and
attaches to the inner side of the thyroid cartilage. Only a
small part of the epiglottis extends above the hyoid
bone, the suprahyoid or free margin of the epiglottis.

The vocal ligament stretches from the vocal pro-
cess of the arytenoid to the inner side of the thyroid
cartilage; it forms the medial support of the true vocal
cord. The ventricular ligament stretches from the
upper arytenoid to the thyroid cartilage, forming the
medial margin of the false cord. The epiglottis is held
in place by the hyo-epiglottic ligament, running
through the fatty preepiglottic space.

2.2 Mucosal Layer and Deeper

Laryngeal Spaces

All these structures are covered by mucosa; the inner
larynx is dominated by two prominent parallel bands,
the true and false cords, separated by a slit-like
opening towards the laryngeal ventricle. The true
cord largely consists of a muscle, running parallel
and lateral to the vocal ligament, between the aryte-
noid and thyroid cartilage, hence known as the
thyro-arytenoid muscle. The false cord largely consists

Fig. 1 Lateral diagram of the larynx showing the cartilaginous
skeleton (mucosa, intrinsic laryngeal muscles, and paraglottic
fat removed). The vocal ligament (single arrowhead) stretches
from the vocal process of the arytenoid A to the anterior thyroid
cartilage. The ventricular ligament (double arrowhead) runs
from the upper arytenoid to the anterior thyroid cartilage.
T thyroid lamina; SC superior cornu (of thyroid). The superior
cornua are attached to the hyoid by the thyrohyoid ligament
(unlabeled thick arrow), which forms the posterior margin of
the thyrohyoid membrane. C cricoid cartilage; E epiglottis;
H hyoid bone. Note: The small structure at the upper tip of the
arytenoid is the corniculate cartilage. It has no clinical
significance, but is occasionally seen on CT. The small hole
(unlabeled thin arrow) in the thyrohyoid membrane transmits
the internal branch of the superior laryngeal nerve that provides
sensation to the laryngeal mucosa

Fig. 2 Lateral diagram of the
larynx sectioned sagittally in H
the midline. The slitlike
ventricle separates true vocal
cord (unlabeled arrow) and
false vocal cord (large
arrowhead). Small
arrowheads, aryepiglottic
fold; T thyroid cartilage;

C cricoid cartilage (lamina);
dashed line, projection of the
arch of the cricoid cartilage;
E: epiglottis; H hyoid bone;
V vallecula T
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of fat. In between the cords, the ventricle rises into the
laryngeal tissue space between the mucosa and sup-
porting skeleton. The relationship of pathological
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Fig. 3 Coronal diagram of the larynx showing the laryngeal
subsites. / True vocal cord (TVC) consist mainly of the bellies
of the thyroarytenoid muscle. 2 False vocal cord (FVC) consists
mainly of fatty tissue. TVC and FVC are separated by the
slitlike laryngeal ventricle (sinus of Morgagni), extending
superolaterally as the sacculus laryngis or appendix. E epiglot-
tis; H hyoid bone; T thyroid cartilage; C cricoid cartilage

conditions among these three parallel structures is
significant in the evaluation of laryngeal cancer.

Above the false cords, from the arytenoid carti-
lages, the mucosa reflects upwards towards the epi-
glottis, forming the aryepiglottic folds.

The part of the larynx at the level of the true vocal
cords is called the glottis. The region beneath the
undersurface of the true vocal cords until the under-
surface of the cricoid cartilage is the subglottis. Above
the level of the true vocal cords is the supraglottis.
Within these different levels, further subsites are dis-
tinguished, important for staging purposes (Table 1).

The bare area between the anterior attachment of
the true vocal cords, where no or only minimal soft
tissue is present against the cartilage, is known as the
anterior commissure. The area between the arytenoids
is known as the posterior commissure.

The fat-containing space between the mucosa and
the supporting skeleton is variable in size. The part of
this deep space, anterior to the epiglottis, is known as
the preepiglottic space. This preepiglottic space is
continuous with the more lateral submucosal spaces,

Fig. 4 Inner view of the larynx, seen from above, after
removal of most soft tissues. A arytenoid cartilage; C cricoid
lamina; 7, thyroid cartilage. The bulk of the TVC is made up of
the thyroarytenoid muscle (in dark) running from the inner
aspect of the thyroid lamina to the arytenoid cartilage,
paralleling the vocal ligament (large arrowhead). The thyro-
arytenoid muscle can be separated in two bellies. Only the
medial portion (vocalis muscle) is seen on the right. The vocal
ligament extends from the vocal process (small arrowhead) to
the anterior commissure (unlabeled arrow)

Table 1 Subsites within the larynx (UICC 2009)
Supraglottis

Suprahyoid epiglottis (including tip, lingual,
and laryngeal surfaces)

infrahyoid epiglottis

Aryepiglottic fold, laryngeal aspect

Arytenoid

Ventricular bands (false vocal cords)
Glottis

True vocal cords

Anterior commissure

Posterior commissure

Subglottis

extending into the aryepiglottic folds and false
vocal cords. These lateral spaces are known as
the paraglottic spaces. At the level of the glottis, the
paraglottic spaces are reduced to a very thin strip of
fat just lateral to the thyro-arytenoidal muscles.
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The paraglottic fat tissue is continuous with a thin
infraglottic fat plane, bordered by the conus elasticus. The
preepiglottic and paraglottic spaces together are some-
times called the paralaryngeal space (Sato et al. 1993).
2.3 Normal Radiological Anatomy
The normal radiological anatomy of the larynx is
shown in Fig. 5.

The appearance of the laryngeal cartilages can vary
considerably, depending on the degree of ossification
and the amount of fatty marrow in the ossified medullar
space. In children, the CT density of the laryngeal
cartilages is similar to soft tissue. The (endochondral)
ossification of hyaline cartilage starts early in the third
decade of life. A high degree of variation exists between
individuals (Yeager et al. 1982). The thyroid cartilage
shows the greatest variability in ossification; its ossifi-
cation may also occur in an asymmetrical fashion. The
cricoid and arytenoids show less pronounced variability
in ossification. The epiglottis and vocal process of the
arytenoids are composed of yellow fibrocartilage; this
type of cartilage usually does not ossify.

3 Squamous Cell Carcinoma

Squamous cell carcinoma, originating from the
mucosal lining, is the most common malignant tumor
in the larynx. Mucosal abnormalities can be far
better evaluated by the clinician than with even
sophisticated imaging methods such as CT or MRL
However, these tumors have the tendency to spread
submucosally, and this extension into the deeply lying
tissue planes may be difficult to evaluate by clinical
examination alone.

The clinical criteria used for giving a tumor a
particular T-classification are site-dependent; in the
larynx involvement of different laryngeal subsites and
reduced vocal cord mobility are important criteria.
The local staging criteria for glottic, supraglottic, and
subglottic cancer, as well as the stage grouping, are
summarized in Tables 2, 3, 4 and 5. About 65-70% of
laryngeal cancers originate at the glottic level, and
about 30% at the supraglottic level; laryngeal cancer
originating from the subglottic region is rare.

The regional (neck) staging criteria for laryngeal
cancer are similar to those for oro- and hypopharyn-
geal cancer and sinonasal cancer.

The validity of any classification is dependent on
the diagnostic methods employed. It is recognized
that clinical classification of laryngeal cancer is
insufficient when compared with pathologic classifi-
cation (Pillsbury and Kirchner 1979). As some criteria
(such as vocal cord fixation or impaired mobility) are
prone to subjective interpretation, difficulties occur to
clinically determine the extension of a laryngeal
tumor, or to reproduce this assessment (Takes et al.
2010). A marked improvement in accuracy is
obtained when the results of CT or MRI are added to
the clinical findings (Sulfaro et al. 1989; Katsantonis
et al. 1986; Zbdren et al. 1996). Imaging is mainly of
benefit in detecting deep soft tissue extension, such as
in the preepiglottic space, the laryngeal cartilages, and
base of tongue. Findings from imaging studies fre-
quently result in an upclassification of the disease.

For categorization of a given laryngeal tumor, the
UICC and AJCC are not very precise regarding their
recommendations for the use of imaging methods
such as CT and MRI. The AJCC, for example, states
that a variety of imaging procedures are valuable in
evaluating the extent of disease, particularly for
advanced tumors; these techniques include laryngeal
tomograms, CT and MRI studies, but when to use
either or all of these imaging methods is not indicated.
Without further specification as to the type of imag-
ing, the UICC recommends that imaging should be
included in the diagnostic workup.

Although the benefit of CT in the classification of
laryngeal cancer is already known for a long time, not
all patients with clinically advanced cancer are being
examined with this tool; the reasons for this are not
clear (Barbera et al. 2001).

In the United States, in the period 1990-1992
about 37% of patients with laryngeal cancer had a CT
study (Shah et al. 1997). Large regional variation
exists in the use of CT for staging purposes of lar-
yngeal cancer. This variation cannot always be
attributed to the availability of these imaging
modalities. In Ontario, about 20% of patients with
glottic and 42% of patients with supraglottic
cancer underwent CT during the period 1982-1995
(Barbera et al. 2001); in the same period, the overall
rate of CT use varied between 10.4 and 50.5% among
the regional cancer centers in this province.

One may argue that patients with clinically local-
ized disease would benefit more from such a CT
study, as upclassification of the cancer may result in a
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Fig. 5 Axial CT images through nor-
mal appearing larynges (different
patients), from cranial to caudal, illus-
trating normal radiological anatomy.

a Level of the free epiglottic margin
(arrowhead), at the superior edge of the
hyoid bone. b Level of the hyoid bone
(H). The glosso-epiglottic ligament sep-
arates both valleculae (asterisks). The
epiglottis separates the oropharyngeal
valleculae from the laryngeal vestibule
(dots). The pharyngo-epiglottic folds
(arrows) correspond to the anterocranial
margin of the piriform sinuses. Subman-
dibular salivary gland (SM). ¢ Level of
superior margin of thyroid cartilage
(black arrowhead). Epiglottis (white
arrowhead), aryepiglottic fold (arrow),
piriform sinuses (asterisks). The fatty
space in front of the epiglottis is the
preepiglottic space (PES). The more
lateral fatty spaces are called the para-
glottic spaces; in the left paraglottic
space, the air-containing tip of the
laryngeal ventricle is seen (curved
arrow). d Level of thyroid cartilage
(black arrowhead). Thyroid notch
(curved arrow). Superior thyroid cornu
(arrow). e Level of false vocal cords.
Within the fatty paraglottic space, some
tissue with higher density can be seen,
corresponding to intrinsic laryngeal
muscles and the collapsed laryngeal
ventricles (white arrow). The thyroid
cartilage shows areas of calcification
(black arrowheads), ossification (black
arrows) and non-calcified cartilage
(white arrowheads). f Level of true vocal
cords. Arytenoid cartilage (A, partially
ossified); lamina of cricoid cartilage (C).
The fatty paraglottic spaces are reduced
to a thin fatty line (white arrows) between
the thyroid cartilage and vocal muscles.
Posteriorly, the paraglottic spaces are
continuous with the anterior submucosal
fat plane in the retrocricoidal part of the
hypopharynx (black arrowhead). Hypo-
pharyngeal mucosa (black arrows), pos-
terior submucosal fat plane in
retrocricoidal hypopharynx (white
arrowheads), pharyngeal constrictor
muscle (curved arrow). g Level of sub-
glottis. Arch of cricoid cartilage (C). The
denser areas correspond to islands of non-
ossified cartilage within the otherwise
ossified cricoid. Inferior thyroid cornu
(black arrowhead). Posterior crico-ary-
tenoid muscle (white arrowhead)
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Table 2 T-staging of glottic cancer (UICC 2009)

Tl

T2
T3
T4

Tumor limited to vocal cord(s) with normal mobility (may involve anterior or posterior commissure)
Tla: limited to one vocal cord

T2b: involving both vocal cords

Extension into supra- and/or subglottis, and/or with impaired vocal cord mobility

Vocal cord fixation and/or invasion of paraglottic space, and/or inner cortex of the thyroid cartilage
Extralaryngeal tumor spread

T4a: Tumor invading through the outer cortex of the thyroid cartilage, or tissues beyond the larynx (e.g. trachea,
soft tissues of the neck, deep/extrinsic muscles of the tongue®, strap muscles, thyroid gland, esophagus)

T4b: Tumor invading prevertebral space, mediastinum, or encasing carotid artery

# Genioglossus, hypoglossus, palatoglossus, and styloglossus muscle

Table 3 T-staging of supraglottic cancer (UICC 2009)

T1
T2

T3

T4

Tumor limited to one subsite of supraglottis with normal vocal cord mobility

Tumor invades mucosa of more than one adjacent subsite of supraglottis,
glottis or region outside of supraglottis, without fixation of the larynx

Vocal cord fixation or invasion of postcricoid area, preepiglottic and/or paraglottic space, and/or
inner cortex of thyroid cartilage

Extralaryngeal tumor spread

T4a: Tumor invading through thyroid cartilage, or tissues beyond the larynx (e.g. trachea, soft tissues
of the neck, deep/extrinsic muscles of the tongue®, strap muscles, thyroid gland, esophagus)

T4b: Tumor invading prevertebral space, mediastinum, or encasing carotid artery

* Genioglossus, hypoglossus, palatoglossus, and styloglossus muscle

Table 4 T-staging of subglottic cancer (UICC 2009)

Tl
T2
T3
T4

Tumor limited to subglottis

Tumor extends to vocal cord(s) with normal or impaired mobility
Vocal cord fixation

Extralaryngeal tumor spread

T4a: Tumor invades cricoid or thyroid cartilage, and/or invades tissues beyond the larynx (e.g. trachea,
soft tissues of the neck, deep/extrinsic muscles of the tongue?, strap muscles, thyroid gland, esophagus)

T4b: Tumor invading prevertebral space, mediastinum, or encasing carotid artery

# Genioglossus, hypoglossus, palatoglossus, and styloglossus muscle

Table 5 Stage grouping of laryngeal cancer (UICC 2009)

Stage 0
Stage 1
Stage 11
Stage III
Stage IVa

Stage IVb

Stage IVc

Tis NO MO
T1 NO MO
T2 NO MO
T1, T2 N1 MO
T3 NO, N1 MO
T4a NO, N1, N2 MO
T1, T2, T3 N2 MO
T4b Any N MO
Any T N3 MO
Any T Any N MO
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Fig. 6 Contrast-enhanced axial CT-images in a patient with a
clinically T3 glottic cancer on the left side. a Level of true vocal
cords. The left true vocal cord appears thickened and slightly
enhancing. The tumor reaches the anterior commissure (black
arrowhead). The left paraglottic space is infiltrated [compare to
normal opposite side (arrows)]. Marked sclerosis of the left
arytenoid (white arrowhead). There appears to be some sclerosis
of the left thyroid lamina. b Level of subglottis. Enhancing soft
tissue thickening on left side (arrowheads). Note slight sclerosis
cricoid arch on the left (curved arrow). Slight enhancement is
seen anteromedially to the subglottis, corresponding to subtle

change in patient management. In The Netherlands,
a national guideline states that all patients with a
supraglottic carcinoma, and all patients with a glottic
carcinoma (except T1-lesions limited to one vocal
cord, not involving the anterior commissure) should
undergo a high-quality CT or MRI study (Nationale
Werkgroep Hoofd-Halstumoren 2000).

3.1 General Imaging Findings

Criteria used for tumor involvement are abnormal
contrast enhancement, soft tissue thickening, presence
of a bulky mass, infiltration of fatty tissue (even
without distortion of surrounding soft tissues), or a
combination of these. Any tissue thickening between
the airway and the cricoid arch is considered to rep-
resent subglottic tumor.

Several studies have compared the CT/MRI find-
ings with the results of whole organ sectioning after
total or partial laryngectomy, showing that both
techniques are accurate methods to visualize lar-
yngeal pathology (Zbdren et al. 1996). These studies
correlating whole organ sectioning and imaging have
also revealed some pitfalls. Small foci of mucosal
tumor may be difficult to detect or may be invisible,
and associated inflammatory and edematous changes

extralaryngeal tumor spread or peritumoral inflammation
(arrow). ¢ Level of false vocal cords. Soft tissue infiltration of
the paraglottic space along the thyroid cartilage (arrows). Area
of non-ossified thyroid cartilage (arrowhead); as the surrounding
ossified thyroid cartilage shows no abnormalities, most likely
normal variant. The patient was treated by extended hemilaryn-
gectomy. Pathologic examination confirmed glottic squamous
cell carcinoma extending in the subglottic and supraglottic
regions without evidence of extralaryngeal tumor extension. The
arytenoid showed focal neoplastic invasion; in the other
cartilages only inflammatory changes were noted

may cause overestimation of the tumor extent.
Distortion of adjacent normal structures may mimic
tumoral involvement.

Gross cartilage invasion can be detected with CT.
Due to the large variability in the ossification pattern
of the laryngeal cartilages, CT often fails to detect
early cartilage invasion. Nonossified hyaline cartilage
shows more or less the same density values as tumor
on CT images. Demonstration of tumor on the
extralaryngeal side of the cartilage is a reliable, but
late sign of cartilage invasion. Asymmetrical sclero-
sis, defined as thickening of the cortical margin and/or
increased medullary density, comparing one arytenoid
to the other, or one side of the cricoid or thyroid
cartilage to the other side, is a sensitive but nonspe-
cific finding on CT (Fig. 6) (Becker et al. 1995).
Erosion or lysis has been found to be a specific cri-
terion for neoplastic invasion in all cartilages (Fig. 7).
Other signs, such as cartilaginous blow-out or bow-
ing, a serpiginous contour or obliteration of the
medullary space are not very reliable for cartilage
invasion. The combination of several diagnostic
CT-criteria for neoplastic invasion of the laryngeal
cartilages seems to constitute a reasonable compro-
mise: when extralaryngeal tumor and erosion or lysis
in the thyroid, cricoid and arytenoid cartilages was
combined with sclerosis in the cricoid and arytenoid



62

R. Hermans

Fig. 7 Contrast-enhanced CT-images in a patient with a large
left-sided glottic squamous cell carcinoma. a Axial image. The
tumor mass massively invades and destructs the left wing of the
thyroid cartilage, growing into the extralaryngeal soft tissues
(arrows). b Coronal reformatting. Involvement of the glottic

(but not the thyroid) cartilages, an overall sensitivity
of 82%, an overall specificity of 79%, and an overall
negative predictive value of 91% was obtained
(Becker et al. 1995).

The controversy on which modality should be
preferred to image the larynx dealt for a great part
with the accuracy to detect cartilage invasion. MRI
was recommended to be the best method to determine
the status of the cartilages in the presence of a lar-
yngeal tumor (Becker et al. 1997b). MRI is a more
sensitive technique than CT to detect cartilage
abnormalities. Areas of cartilage abnormality will
result in an increase in signal intensity T2-weighted
images and contrast-enhanced T1-weighted MRI
images. However, due to its high sensitivity for
intracartilaginous alterations MRI causes in a con-
siderable number of cases a false positive result, as
distinction between true cartilage invasion and reac-
tive inflammation, edema, fibrosis, or ectopic red
bone marrow is not possible (Becker et al. 1995).
Peritumoral inflammatory changes without tumoral
invasion are common coincidental findings in lar-
yngeal cartilages, especially in the thyroid cartilage.
The positive diagnosis of neoplastic invasion of the
thyroid cartilage should be made with caution on

and supraglottic laryngeal level (arrowheads) is seen, as well as
massive destruction of left thyroid cartilage wing and extrala-
ryngeal tumor spread (white arrows). Extralaryngeal extension
also occurs through the lateral cricothyroid membrane (black
arrow)

MRYI; it has been suggested that one should rather talk
about ‘abnormal signal intensity in the cartilage’
instead of ‘invasion of cartilage’ (Castelijns et al.
1996a). A more recent study suggests that reactive
inflammatory changes and true neoplastic involve-
ment of the laryngeal cartilages can be better distin-
guished by comparing the T2-weighted and
postcontrast T1-weighted cartilage signal intensity
with that of the adjacent tumor tissue. If the cartilage
signal intensity on these sequences is higher than that
of the tumor, this more likely indicates inflammation;
the reported specificity of this sign is 82% (Fig. 8)
(Becker et al. 2008).

3.2 Neoplastic Extension Patterns
of Laryngeal Cancer

3.2.1 Glottic Cancer

3.2.1.1 Local Tumor Spread

The most common site of involvement is the anterior
portion of the vocal cord, usually at the free margin or
upper surface. Involvement of the anterior commissure
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Fig. 8 Axial MR-images in a patient suffering from transglot-
tic cancer. A large soft tissue mass is seen, centered on the
left glottis/subglottis, extending over the midline. On the
T1-weighted spin echo image (a), signal loss is seen in the
adjacent part of the thyroid cartilage (arrowheads). On the T2-
weighted image, the tumor shows a lower signal intensity than

Fig. 9 Axial contrast-enhanced CT-images in a patient with
squamous cell carcinoma of the anterior glottic region.
a Thickening and slightly increased enhancement of lower
surface of true vocal cords (white arrowheads) and anterior

is commonly present and such lesions may extend over
the midline in the contralateral vocal cord. As the
amount of normal soft tissue visible at the level of the
anterior commissure is somewhat variable (Kallmes
and Phillips 1997), radiological detection of subtle
tumor spread into this structure by imaging can be
challenging; however, usually the anterior commissure
can be well evaluated during endoscopic examination.

the thyroid cartilage. On the gadolinium-enhanced T1-weighted
image, both the tumor and the cartilage show similar enhance-
ment. This cartilage signal behavior suggests cartilagineous
inflammation, rather than tumoral invasion. Total laryngectomy
was performed; no neoplastic cartilage involvement was
present

commissure (black arrowhead) is seen. b Soft tissue thickening
at the subglottic level (arrowhead); extralaryngeal extension
(arrows) occurred, through the cricothyroid membrane

Lesions limited to the anterior commissure are
rarely seen (<2%). Lesions involving the anterior
commissure may directly invade the thyroid cartilage;
involvement of the anterior subglottic region, lower
preepiglottic space, as well as extralaryngeal spread
through the cricothyroid ligament may occur (Fig. 9).

When the tumor arises from the posterior side of
the vocal cord, posterior extension over the medial facet
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Fig. 10 Axial contrast-enhanced CT-images in a patient with
a clinically T3 glottic cancer on the left side. a Level of true
vocal cords. The left true vocal cord is markedly thickened. The
lesion extends into the anterior commissure (black arrowhead),
and grows over the medial facet of the arytenoid into the
posterior commissure (white arrowheads). The left paraglottic
space is infiltrated. The left arytenoid cartilage appears sclerotic

of the arytenoid cartilage, eventually involving the
posterior commissure may occur (Fig. 10). The redun-
dant mucosa at the level of the posterior commissure
should not be misinterpreted as evidence for tumor
spread. From the region of the posterior commissure,
invasion of the cricoarytenoid joint may occur.

Obstruction of the opening of the ventricular orifice
may be the cause of a fluid-filled laryngocele (also
called a saccular cyst) (Fig. 10). Most laryngoceles are
not caused by an obstructive mass, but an underlying
neoplasm has to be excluded, both clinically and
radiologically.

Extension into the subglottis may occur along the
mucosal surface, or submucosally after penetration of
the conus elasticus. As the upper airway wall gradu-
ally slopes from the free edge of the true vocal cords
towards the inner side of the cricoid ring, the precise
border between the undersurface of the true vocal
cord and subglottic level is difficult to define on axial
cross-sectional imaging. When soft tissue thickening
is seen adjacent to a glottic neoplasm along the inner
side of the cricoid, the lesion is extending into the
subglottis. Coronal images, either direct MR-images
or coronally reformatted CT-images, may be helpful

(arrow). B. Level of the aryepiglottic folds. Secondary fluid-
filled laryngocoele (arrow). Air-filled ventricle in the right
paraglottic space (asterisk). The patient was treated by total
laryngectomy. Pathologic examination confirmed squamous
cell carcinoma, invading the anterior commissure and spreading
to the right true vocal cord. The left arytenoid cartilage was
invaded by the neoplasm

to evaluate more subtle subglottic tumor extension.
A more precise manner to measure the inferior extent
of glottic/subglottic cancer is by referring to the lat-
eral free margin of the true vocal cord.

Lateral spread of the cancer causes infiltration of the
vocal ligament and muscle. In a more advanced stage,
the paraglottic space is infiltrated and the perichon-
drium of the thyroid cartilage is reached (Fig. 6). The
tumor is diverted by the thyroid cartilage to grow fur-
ther in the paraglottic space, extending cranially into
the supraglottic region of the larynx, or caudally into
the subglottic region. A glottic cancer growing inferi-
orly may be diverted by the conus elasticus, laterally
and extralaryngeally, to grow through the opening
between the thyroid and cricoid cartilage (Fig. 7).

Erosion and eventually break-through of the thyroid
cartilage with extralaryngeal tumor spread are not
commonly seen, being usually late phenomenons in
advanced lesions (Figs. 7, 11). Neoplastic cartilage
involvement usually occurs in ossified parts of the
laryngeal framework, most frequently at the inferior
margin of the thyroid cartilage, upper margin of the
cricoid cartilage or at the level of the anterior com-
missure (Kurita et al. 1985). These sites correspond to
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Fig. 11 Axial contrast-enhanced CT-image in a patient with a
clinically T3 glottic cancer on the right side. Thickening and
increased enhancement of the right true vocal cord. Sclerosis of
the right arytenoid cartilage (arrowhead) and lysis of the
anterior part of the thyroid cartilage, containing enhancing
tissue (arrows). The patient was treated by definitive radio-
therapy; long-term local tumor control was achieved

the attachment site of ligaments and membranes to the
cartilages.

With extralaryngeal growth, tumor extension into
non-fatty soft tissue structures surrounding the larynx
may be present. Neoplastic invasion of the thyroid
gland mostly occurs in glottic cancer showing sub-
glottic extension or invading the thyroid cartilage
(Dadas etal. 2001). Invasion of the subcutaneous layers
and eventually skin may be seen in anteriorly spreading
cancer. Posterior spread to the retrocricoid hypophar-
ynx and eventually esophagus may occur (Fig. 12).

Rarely, a cancer originating at the level of the anterior
commissure grows predominantly into the thyroid car-
tilage, without causing clear tumoral abnormalities at
endoscopic examination. In such cases, imaging studies
show an irregularly shaped, lytic expansion of the
anterior part of the thyroid cartilage (Fig. 13). In the
absence of mucosal changes, it may be difficult to prove
the presence of cancer by routine biopsy. A deep, sur-
gical biopsy may be required. In selected cases, an
image-guided fine-needle aspiration or tru-cut biopsy
can be an alternative method to obtain representative
cytological or histological material (Preda et al. 2010).

A prelaryngeal abscess is another rare presentation
of a glottic squamous cell carcinoma invading the

anterior part of the thyroid. Presumably the neoplasm,
or a combination of the neoplasm and an associated
locally aggressive infection, erodes through the thyroid
cartilage and offers bacteria a pathway to the prela-
ryngeal soft tissues (Fig. 14) (Op de beeck et al. 2001).
The main differential diagnosis in such cases is infected
thyroglossal duct cyst. Infection coexisting with
malignancy complicates the clinical picture and may
lead to a delayed diagnosis of malignancy. Therefore,
careful follow-up after the initial treatment should be
initiated if the etiology of the prelaryngeal infection
remains obscure, especially in patients with an
increased risk of developing head and neck cancer
(alcohol and/or tobacco abusers). Repeated imaging
studies may be helpful in coming to a correct diagnosis.

Cancer involving the glottic and supraglottic regions
is also called transglottic cancer. However, the definition
of transglottic cancer varies from author to author. Usu-
ally, tumors crossing the laryngeal ventricle involving
both the false and true vocal cords are called trans-
glottic cancer; most agree that the use of this term also
implies that the subglottic region is involved, and that
the true vocal cord is fixed (Mancuso et al. 1989).

Verrucous carcinoma is a variant of squamous cell
carcinoma occurring in 1-2% of patients with glottic
cancer. The histologic diagnosis of this type of cancer is
difficult, and must be correlated with the gross appear-
ance of the tumor. Clinically, it appears as an accretion or
papillary mass with a warty surface or filiform projec-
tions, and it may extend over a large area. It is often
‘under diagnosed’ as a benign hyperplasia. Repeated and
deep biopsy may be necessary to confirm the diagnosis.
On CT and MR studies, verrucous carcinoma is difficult
to differentiate from other types of squamous cell car-
cinoma, although an exophytic soft tissue mass origi-
nating from the true vocal cords, displaying an irregular
surface and no or minimal submucosal extension, may
suggest the diagnosis (Becker et al. 1998).

3.2.1.2 Lymphatic Spread

Usually, glottic cancer only metastasizes to the neck
lymph nodes when growing beyond the glottic region.
Level III is the most commonly affected level. Neck
adenopathies are very uncommonly encountered in
small (T1) lesions, but the risk increases to about 8
and 30% in respectively T2 and T3-lesions. Imaging
studies may detect these adenopathies at an earlier
stage than clinical examination alone (see also
“Neck Nodal Disease”).
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Fig. 12 Axial contrast-enhanced CT-images in a patient with
extensive glottic squamous cell carcinoma. a Level of true vocal
cords. Circumferential neoplastic involvement of the glottis, with
massive destruction of the thyroid cartilage and extralaryngeal
spread into the soft tissue anterolateral to the larynx (white
arrowheads). Posterior tumor spread into the hypopharynx is at

Fig. 13 Patient presenting with history of chronic laryngitis since
two years. Endoscopic examination shows edema of the anterior
commissure, and scarring of the vocal cords. The axial CT-image
shows thickening and distortion of the laryngeal soft tissues, as
well as osteolysis and expansion of a large part of the thyroid
cartilage (arrowheads). These findings are very suspect for a
malignant lesion. Deep biopsy revealed squamous cell cancer

3.2.2 Supraglottic Cancer

Essentially, the radiological signs are similar to those
in glottic cancer, but supraglottic cancers often show
a larger tumor volume at first presentation.

this level visible on both sides (arrows). b Circumferential
involvement of the subglottis, including massive lysis of cricoid
cartilage. Extralaryngeal spread into the prelaryngeal soft tissues
(white arrowheads), as well as in both lobes of thyroid gland
(black arrowheads). Involvement of retrocricoidal part of
hypopharynx on the right side (arrow)

Clinically visible tumor extension and radiological
tumor volume are not always correlated, because of
submucosal spread in the preepiglottic space and/or
paraglottic space. Laryngeal cartilage invasion is
rarely seen in supraglottic cancer.

3.2.2.1 Suprahyoid Epiglottis

Lesions of the suprahyoid epiglottis may grow exophy-
tically. Others invade the epiglottic tip and spread to
adjacent structures, such as the valleculae, tongue base,
and preepiglottic space; soft tissue ulceration and
amputation of the epiglottic tip may be present (Fig. 15).

3.2.2.2 Infrahyoid Epiglottis
As the infrahyoid epiglottis contains tiny perforations,
such lesions easily infiltrate the preepiglottic space; from
this space, they may spread upwards towards the val-
leculae and tongue base, or downwards to the epiglottic
petiolus. Invasion of the anterior commissure or sub-
glottic spread are rare, but may be seen in advanced cases.
Extension into the aryepiglottic folds and false
vocal cords may be seen; extension to the true vocal
cords mostly occurs in advanced cases (Fig. 16).

3.2.2.3 Aryepiglottic Fold and Arytenoid
Aryepiglottic fold tumors may present as exophytic
lesions, or infiltrative masses invading the paraglottic
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Fig. 14 Axial contrast-enhanced CT-images. a Supraglottic
level. Large fluid collection (stars) with rim enhancement is
seen in the prelaryngeal soft tissues, displacing the strap
muscles (arrows) anteriorly. b Glottic level. The large fluid
collection extends downwards to this level. Thickening and

Fig. 15 Contrast-enhanced axial CT-images in a patient with a
supraglottic squamous cell carcinoma. a Level of hyoid bone.
Thickening and increased enhancement of the epiglottis, as well
as infiltration of the preepiglottic and paraglottic space, with
extension into the left aryepiglottic fold, is seen. Involvement of
the upper part of the left piriform sinus can not be excluded.
b Level of free epiglottic margin. The epiglottic tip (arrowhead)

space. Along the paraglottic space, they may spread
towards the false and eventually true vocal cords.
Invasion of the cricoarytenoid joint may be seen.
Extension towards the piriform sinus commonly
occurs, and it may be difficult to distinguish between
a primary piriform sinus cancer and supraglottic
cancer.

3.2.2.4 False Vocal Cords

Submucosal tumor spread is commonly present in these
lesions, with involvement of the paraglottic space at the
level of the infrahyoid epiglottis/aryepiglottic fold
and/or at the level of the true vocal cord (Fig. 17).
Subglottic tumor spread is seen in advanced cases.

enhancement of the left true vocal cord (arrow). ¢ Same level
as b bone window. Fragmentation of the anterior part of the
thyroid cartilage (arrows). Sclerosis of left arytenoid cartilage
(arrowhead)

is amputated on the left side. The margins of the left vallecula are
occupied by tumoral tissue, and there is extension into the
posterolateral wall of the oropharynx. ¢ At a slightly higher level,
invasion of the tongue base (arrows), as well as posterolateral
oropharyngeal wall (arrowheads), is seen. Pathological neck
lymph nodes are ipsilaterally present

3.2.2.5 Lymphatic Spread

As the supraglottic region has a rich network of
lymphatic channels, lymphadenopathy is frequently
present in supraglottic cancer. At presentation, about
50-60% of patients with supraglottic cancer have
clinically manifest lymphadenopathy. The incidence
of neck metastasis is about 30% in T1 and T2-lesions,
and about 70% in T3 and T4-lesions. Neck level II is
most commonly affected, to a lesser extent level III.

3.2.3 Subglottic Cancer

Subglottic cancer is a rare malignant lesion. Apart
from squamous cell carcinoma, also adenoid cystic
carcinoma is frequently located at this level. By the
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Fig. 16 Contrast-enhanced
CT-images in a patient with
supraglottic squamous cell
carcinoma. a Axial image.
Thickening and increased
enhancement of the
infrahyoid epiglottis, with
infiltration of the preepiglottic
space (arrows). b Axial
image, more inferiorly, shows
downwards tumor extension
along the epiglottis and
preepiglottic space (arrow), as
well as posterolateral growth
into the aryepiglottic fold.

¢ Axial image, more
inferiorly, shows tumoral
infiltration of the left false
vocal cord. d Axial image,
level of ventrical entrance.
Tumoral soft tissue thickening
just above the level of the
anterior commissure
(arrowhead), as well as just
above the level of the true
vocal cord (arrow). Sclerosis
of left thyroid cartilage wing
(curved arrow). e Axial
image, level of true vocal
cords. Apart from sclerosis
of left arytenoid cartilage
(arrowhead), no
abnormalities are seen.

f Coronal image. The tumor
mass (arrows) extends
throughout the left paraglottic
space, abutting and slightly
displacing downwards the
upper margin of the true vocal
cord. Normal right true vocal
cord (asterisk), right laryngeal
ventricle (arrowhead).

g Sagittal image.Tumoral
thickening of the infrahyoid
epiglottis (arrowheads),
extending down to the level
just above the anterior
commissure. True vocal

cord (arrow)

time of diagnosis, subglottic cancer has usually
invaded the true vocal cords, and it may be difficult to
distinguish between a cancer originating in the glottis
or subglottis. Subglottic cancer is commonly bilateral

or even circumferential at presentation. Cricoid
cartilage invasion occurs early; extralaryngeal exten-
sion, anteriorly through the cricothyroid membrane or
inferiorly into the trachea, is also commonly present.
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Fig. 17 Patient presenting with hoarseness. Squamous cell
carcinoma of the left false vocal cord. a Axial contrast-
enhanced CT-image shows small infiltrating lesion (arrows) in
the right paraglottic space, at the level of the false vocal cords;
the lesion extends into the anterior midline (lower part of

Lymphatic dissemination is seen in about 10% of
cases; among the lymph nodes which may become
involved are the Delphian node and paratracheal
lymph nodes.

Imaging shows a subglottic soft tissue mass (normally
no soft tissue is seen between the subglottic air column
and the cricoid cartilage), more or less with circumfer-
ential extension along the cricoid cartilage. The findings
may include cricoid cartilage alterations (sclerosis,
lysis), intratracheal soft tissue thickening, and infiltration
of the glottic and prelaryngeal soft tissues (Fig. 18).

4 Prognostic Factors for Local
Outcome of Laryngeal Cancer

4.1 Treatment Options

4.1.1 Glottic Cancer

Carcinoma in situ can often be controlled by stripping

the cord or laser treatment; radiotherapy is used after

rapid or multiple recurrences of such superficial
cancer (Million 1992).

preepiglottic space, level of epiglottic petiole). b Coronal
reformatting. Enhancing soft tissue lesion in the right false
vocal cord (arrowheads), just above the normal true vocal cord
(asterisk)

In T1 and T2 tumors radiation treatment is usually
preferred, as the voice quality is better than after
partial laryngectomy, and fewer complications are
encountered. Patients with well-defined lesions suit-
able for transoral laser excision with a good func-
tional outcome can be treated with either laser or
radiotherapy (Mendenhall et al. 2004).

Favorable T3 and T4 tumors, confined to one side
of the larynx without significant airway compromise,
may be cured either with radiotherapy or total lar-
yngectomy with possible postoperative irradiation.
Failures after radiotherapy may be cured by salvage
laryngectomy. Such a strategy yielded similar loco-
regional control rates and survival for T3 tumors
either treated with radiotherapy alone with surgery in
reserve, or with primary surgery (with or without
adjuvant irradiation), but with a significantly higher
likelihood of voice preservation in the first group
(Mendenhall et al. 1992, 1997). This concept of
‘radical radiotherapy with surgery for salvage’ is a
subject of discussion, as according to some authors
this treatment policy means that a number of patients
will die in order that others could save their larynx;
furthermore, the costs are thought to be higher than if
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Fig. 18 Patient suffering from subglottic squamous cell carci-
noma. Axial contrast- enhanced CT-images. a Anterior subglot-
tic soft tissue thickening (asterisk), with bilateral posterior spread
along the subglottic wall (arrowheads). Extralaryngeal spread
through the cricothyroid membrane (arrow). Centrally hypo-
dense nodule (curved arrow), presumably corresponding to

surgery is used as first treatment, due to the intensive
follow-up and retreatment needed in a substantial
fraction of patients (DeSanto 1984).

Patients with advanced disease are in the unfa-
vorable group for radiotherapy advised to undergo
total laryngectomy (Million 1992). Some patients
who refuse total laryngectomy or are medically
unsuited for this procedure may be cured by radio-
therapy; Van Den Bogaert et al. (1983) reported in
advanced glottic cancer (T3 and T4-lesions) a 5-year
local control rate of 23%.

Parsons et al. (1998) reported an overall 5-year
local control of 52% in 43 T4 laryngeal tumors (26
supraglottic, 11 glottic, and 6 subglottic cancers),
treated by irradiation with curative intent. ‘Nonbulky’
tumors tended to have a better prognosis than ‘bulky’
ones (67 vs. 38% local control rate); ‘bulkiness’ was
assessed clinically and by CT. Twenty (46%) of the
patients in this study were thought to be suitable for
radical radiotherapy based on relative low tumor
volume; it is unlikely that irradiation would produce a
50% rate of local control in all (unselected) T4 lar-
yngeal cancers.

As in supraglottic carcinoma, there are indications
that imaging is helpful in the selection of patients into
the ‘favorable’ glottic carcinoma group, with a rea-
sonable chance of voice sparing cure by radiotherapy
(see below).

necrotic prelaryngeal (‘Delphian’) lymph node. b Section 9 mm
cranial to A. The soft tissue mass extends into the anterior
commissure and both true vocal cords. Some sclerosis (arrows)
of the thyroid cartilage is visible; the adjacent area of absent
cartilage ossification (arrowhead) may correspond to lysis of
previously ossified cartilage

Nowadays, patients with advanced laryngeal cancer
(stages III and IV) are offered concurrent chemoradio-
therapy, with further surgery reserved for salvage, as
treatment option. Platinum-based concomittant chemo-
radiotherapy improves the likelihood of organ preser-
vation, with locoregional control rates of about 75%
(Forastiere et al. 2003). The drawbacks of this approach
are the acute and late toxic side effects, which are more
frequent than after radiotherapy alone. Treatment com-
plications, such as treatment-induced severe dysphagia,
chronic lung aspiration, laryngeal radionecrosis, and
others, may occur, reducing the benefit of larynx pres-
ervation in a number of patients (Lambert et al. 2010).
Although the survival after concurrent radiotherapy is
somewhat improved, the probability of developing dis-
tant metastases later on is estimated to be around
15-20%, less good than initially expected.

In selected patients with advanced glottic cancer,
extended partial laryngectomy may still be feasible.
Extended hemilaryngectomy with tracheal auto-
transplantation allows to remove half of the larynx,
including the full height of the cricoid; the resection
can be extended to include the apex of the piriform
sinus. This allows to perform a partial laryngectomy in
patients with arytenoid cartilage fixation and subglot-
tic tumor extension reaching the upper border of the
cricoid cartilage (Delaere et al. 2000, 2007, Delaere
and Hermans 2003 (see below).
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Verrucous carcinoma is not consistently respon-
sive to irradiation; although debated, an anaplastic
transformation may follow such a treatment (Ferlito
et al. 1998). Therefore, in patients with this type of
tumor surgery is usually recommended as the treat-
ment of choice.

4.1.2 Supraglottic Cancer

Patients with a T1, T2, or a ‘favorable’ T3 lesion can
be treated with either irradiation or supraglottic lar-
yngectomy (Robbins et al. 1987; Lee et al. 1990;
Million 1992). The selection is at the preference of
the patient and the physician in charge. A ‘favorable’
T3 tumor is classified as T3 due to preepiglottic space
involvement (visible on CT) or limited extension to
the medial wall of the piriform sinus or postcricoid
area, and not due to vocal cord fixation which pre-
cludes supraglottic laryngectomy (Million 1992).
Supraglottic laryngectomy probably produces a
higher initial local control rate but, based on anatomic
and coexisting medical considerations, is suitable for
a smaller subset of patients and has a higher risk of
complications compared with radiotherapy (Hinerman
et al. 2002). Patients with pulmonary or cardiac dis-
ease are not good candidates for this procedure, as
essentially all patients aspirate to some degree after
the operation. The proportion of patients suitable for
conservative surgery in an unselected population with
supraglottic cancer is estimated to be about 15-20%.

Fifty percent or more of patients who undergo a
supraglottic laryngectomy will have a combined
treatment with radiotherapy (Weems et al. 1987; Lee
et al. 1990). Radiotherapy increases the morbidity of
supraglottic laryngectomy (Steiniger et al. 1997).
If such a combined treatment can be anticipated
(clinically positive neck nodes), or the likelihood of
conversion of partial to total laryngectomy during
surgery is high, radical radiotherapy is preferred over
surgery (Weems et al. 1987).

T3 cancers with a fixed vocal cord have lower
local control rates after radiotherapy than those with
normal mobility (Mendenhall et al. 1996).

Bulky, endophytic T3 lesions and most T4 lesions
are considered unfavorable for radiotherapy; often
they will show vocal cord fixation and/or airway
compromise. Partial (if feasible) or total laryngec-
tomy, with or without postoperative radiotherapy, is
an option in these patients, as the local control rates
are better for the surgically treated patients than for

those treated by radiotherapy alone (Weems et al.
1987). Patients who are medically unfit for total lar-
yngectomy or refuse this procedure are treated with
radiotherapy; in T3 and T4 tumors anatomically
unsuitable for conservation surgery, local control can
be achieved by radiotherapy in 40-63% of patients
(Mendenhall et al. 1996).

There is a need for better selection of patients with
a T3 lesion, medically suitable for partial laryngec-
tomy, into the favorable group for radiotherapy; in
this way a more informed treatment choice can be
made. Imaging findings can be helpful to select
patients in which radiotherapy has a good chance of
success (see below).

Some selected T4 lesions may also be not as
unfavorable for radiotherapy as is suggested by their
staging: minimal cartilage invasion or minimal neck
soft tissue extension may not influence the local
outcome when treated by RT (Million 1992; Parsons
et al. 1998).

As for glottic cancers, chemotherapy is useful as
concurrent therapy in patients with advanced tumors
(see above). CT-determined parameters, such as
tumor volume, are helpful to select patients likely to
benefit from such combined treatment (Mendenhall
et al. 2003).

4.2 Impact of Imaging on Treatment

Choice and Prognostic Accuracy

Very few studies are available on the impact of
imaging on treatment choice and the accuracy of
predicting treatment outcome in laryngeal cancer.
Such an impact depends on the treatment policy of
laryngeal cancer in a given center (Barbera et al.
2001). Charlin et al. (1989) studied the impact of CT
on management, working in an institution where at
that time all cancers with a small to moderate tumor
volume and no sign of deep infiltration were treated
by radiotherapy alone, larger cancers and those with
signs of deep infiltration by conservation surgery
when local extension allowing it, and total laryngec-
tomy with postoperative radiotherapy was performed
for tumors with vocal cord fixation, cartilage
destruction and other signs of deep major infiltration.
Charlin et al. (1989) observed a change in therapeutic
attitude with CT in 10 out of 66 consecutive patients
(15.1%). In all ten patients radiotherapy was thought
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to be the best treatment after endoscopic evaluation;
this was changed to conservative surgery in seven and
total laryngectomy with postoperative irradiation in
three patients.

In other centers, nearly all laryngeal cancers are
treated by radical radiotherapy, surgery being used as
a salvage procedure. In such institutions the impact of
laryngeal imaging on initial treatment selection can
be anticipated to be of less importance. However, the
radiological findings may influence the definition of
radiation portals, which require an exact knowledge
of the local extension of the tumor, the status of the
neck lymph nodes, and the location of metastatic neck
adenopathies.

In a retrospective multicenter study, the incorpo-
ration of CT information did not improve the ability
of the T-classification for predicting local failure
or cause-specific survival (Barbera et al. 2001).
However, as noted by these authors, the ability of CT
to improve the predictive value of the T-classification
is constrained by the definitions of the T-classifica-
tions, which do not take into account other prognostic
information provided by CT.

Archer et al. (1984) have proposed a classification
system of laryngeal cancer based on CT findings. This
classification used the localization of the tumor mass
relative to the arytenoid cartilage, as visible on CT
studies. The rationale was that tumors with their plane
of maximal size at or below the mid-body of the
arytenoid cartilage have a much higher likelihood of
cartilage invasion. In more than half of their cases
such cartilage invasion was only detectable by
microscopic study of the resection specimen. This
alternative classification system has not been adopted.

4.3 Use of Imaging Parameters
as Prognostic Factors for Local
Outcome Independently
from the TN-Classification
4.3.1 Predicting Local Outcome

After Radiotherapy

4.3.1.1 Tumor Volume and Deep Tissue
Infiltration

Success in controlling a tumor by radiotherapy

depends on killing all clonogenic cells. The proba-

bility of cure depends, among other factors, on the

initial number of clonogenic cells. There are indica-
tions that the clonogen number increases linearly with
tumor volume (Johnson et al. 1995).

Large primary tumor volume is already for a long
time known to be a reason of poor local outcome of
laryngeal cancer after definitive radiation treatment
(Fletcher et al. 1975). Clinical estimation of tumor
volume in various advanced head and neck cancers
treated in a multicenter EORTC trial, correlated with
survival and locoregional control after radiation
treatment (Van Den Bogaert et al. 1995), but the
volume classes defined in this study (<10 ml,
10-30 ml, 30-100 ml, >100 ml) are too rough to be
applicable to less advanced head and neck cancers.
Overgaard et al. (1986) reported laryngeal tumor
diameter (<2 cm, 2-3.9 cm, >4 cm) to be of signifi-
cant importance to both probability of local control
and survival in glottic and supraglottic tumors.
However, tumor diameters are a rough and potentially
inaccurate estimation of tumor volume due to invisi-
ble deep tumor extension (Marks et al. 1979; Van Den
Bogaert et al. 1983).

Three-dimensional tumor visualization as offered
by modern cross-sectional imaging techniques allows
more accurate estimation of the tumor volume.
To determine the volume of a particular structure, its
borders are traced on consecutive images, either man-
ually or with some (semi-)automated method. The
segmented surface on each image is then calculated.
This procedure can be done on the screen of a work-
station, using a mouse-controlled cursor, or indirectly
using a digitizer. The obtained surfaces are then mul-
tiplied by the slice interval. The summation of all these
obtained volumes represents the total volume of the
structure of interest. This technique is called the sum-
mation-of-areas technique (Breiman et al. 1982).

Gilbert et al. (1987) were the first to report the
prognostic value of CT-determined laryngeal tumor
volume for outcome after definitive radiation therapy.
Their study consisted of 37 patients with T2-T4 lar-
yngeal cancer (both from glottic and supraglottic
origin). The mean tumor volume for patients failing
radiotherapy in their study was 21.8 ml, and for
patients primarily controlled this was 8.86 ml; tumor
volume significantly predicted disease-free interval
and outcome with radiotherapy.

Glottic and supraglottic tumors should be consid-
ered separately in such studies, as the anatomic situ-
ation, and correlated extension pattern is very
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Fig. 19 Glottic cancer: probability of local failure after
definitive radiation therapy versus CT-determined primary
tumor volume. Local failure rate is significantly higher with
larger primary tumor volume. The 95% confidence intervals for
tumor volume are indicated (from Hermans et al. (1999a), with
permission)

different for glottic versus supraglottic tumors. Free-
man et al. (1990) and Mancuso et al. (1999) were able
to identify those patients with T1-T4 supraglottic
carcinomas who had a higher likelihood of local
control based on pretreatment CT volumetric analysis
(tumors <6 ml had a probability of 89% of local
control, while tumors >6 ml had only a control rate of
40%). In another study, a significant difference in
local outcome after radiotherapy was found in
supraglottic cancer, with local control rates for tumors
with volumes greater than or less than 8§ ml being 20
and 70%, respectively (Kraas et al. 2001).

Lee et al. (1993) and Pameijer et al. (1997) could
stratify in a similar way patients with T3 glottic car-
cinoma into groups with different likelihoods of local
control (tumors of <3.5 ml had a local control prob-
ability of 85%, while tumors of >3.5 ml had only a
local control rate of 22%). On the other hand,
Mukherji et al. (1995), in a study on 28 patients with
T2 glottic carcinoma, were not able to distinguish
groups with significantly different local control rates
using CT-determined tumor volume. However, in
another study in patients with a T2 laryngeal cancer, a
tumor volume of >4 ml predicted a significantly
worse local outcome rate (Lo et al. 1998).
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Fig. 20 Supraglottic cancer: probability of local failure after
definitive radiation therapy versus CT-determined primary
tumor volume. As for glottic cancer, local failure rate is
significantly higher with larger primary tumor volume. The
95% confidence intervals for tumor volume are indicated (from
Hermans et al. (1999b), with permission)

The results of the studies by Hermans et al. (1999a, b)
corroborate well these previous findings. Both for glottic
and supraglottic cancers, tumor volume was found to be
a significant prognostic indicator of local control. In
glottic cancer, failure probability analysis showed a clear
relation between larger tumor volume and increasing
risk for local failure (Fig. 19); a tumor volume of 3.5 ml
correlated with a risk for local failure of approximately
50%. From the graph published by Pameijer et al.
(1997), an approximately 40% chance of local failure in
T3 glottic cancer with a similar tumor volume can be
inferred. Also for supraglottic cancer, Hermans et al.
(1999b) found a significant relation between tumor
volume and risk for local failure (Fig. 20). Compared to
glottic cancer, larger supraglottic tumor volumes were
found for similar local control rates; similar results can
be inferred from other publications (Mancuso et al.
1999). The reason for this different critical tumor volume
between glottic and supraglottic cancer is not clear; it
might be related to a different local environment in the
glottic and supraglottic regions, but also (and maybe
predominantly) to the more exophytic growth pattern
exhibited by supraglottic tumors.

However, tumor volume was not found to be an
independent predictor of local outcome when a multi-
variate analysis was performed. In glottic carcinoma,
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involvement of the paraglottic space at the level of the
true vocal cord and involvement of the preepiglottic
space were found to be independent predictors of local
outcome (Hermans et al. 1999a). Deep involvement of
the paraglottic space at the glottic level, as seen on
imaging studies is also called the ‘adjacent sign’. This
sign was found to be the only independent predictor of
local outcome and survival in a series of 130 patients
suffering from T1 to T2 glottic cancer (Murakami et al.
2005). In a study where MRI was used as imaging
method, intermediate signal in the thyroid cartilage on a
T2-weighted sequence, and hypopharyngeal extension
were found as independent predictors of local control
(Ljumanovic et al. 2007). However, these authors did
not include involvement of the paraglottic space in their
analysis; as mentioned below, cartilage signal altera-
tions can be regarded as an indirect parameter reflecting
tumor spread in the deep tissues.

In supraglottic carcinoma, involvement of the pre-
epiglottic space and subglottic extension were the
strongest independent predictors of local control
(Hermans et al. 1999b). Also, in a study using MRI as
imaging tool, preepiglottic space involvement, as well
as abnormal signal intensities in the thyroid cartilage
adjacent to the anterior commissure and/or cricoid
cartilage were the independent predictors of local
control (Ljumanovic et al. 2004). Again, these cartilage
abnormalities can be regarded as reflecting extensive
invasion of the deep laryngeal tissues (see below).

Tumor volume and degree of involvement of the
laryngeal deep tissues are correlated to some extent.
However, these descriptive CT-parameters may also
reflect a more aggressive tumoral behavior, which
could explain their stronger association with local
recurrence. Fletcher and Hamberger (1974) stated that
the preepiglottic space is poorly vascularized; they
suggested that the anoxic compartment of tumors
invading this space must be significant, and thus
relatively radioresistant.

Although currently few data are available, imag-
ing-determined tumor volume does seem to predict
the local outcome in patients suffering advanced head
and neck cancer, including laryngeal cancer, when
treated by chemoradiotherapy (Hoebers et al. 2008).

4.3.1.2 Cartilage Involvement

Laryngeal cartilage invasion is often considered to
predict a low probability of radiation therapy alone to
control the primary tumor site and to indicate an

increased risk of late complications, such as severe
edema or necrosis (Lloyd et al. 1981; Castelijns et al.
1990).

Before the era of computer assisted cross-sectional
imaging only gross cartilage destruction, usually
occurring in large volume laryngeal tumors, could be
detected clinically or by conventional radiography.
More limited laryngeal cartilage invasion can be
detected with modern cross-sectional imaging meth-
ods (Becker et al. 1995). Earlier studies described an
association between CT-depicted cartilage involve-
ment in laryngeal carcinoma and poor outcome after
radiation therapy (Silverman 1985; Isaacs et al. 1988).
However, according to others, involvement of lar-
yngeal cartilage is not necessarily associated with a
reduced success rate of radiation therapy (Million
1989). More recent studies correlating laryngeal
cartilage abnormalities, detected on CT, with local
outcome after RT seem to corroborate this last point
of view.

The cartilage most often showing abnormalities is
the arytenoid cartilage; usually this cartilage appears
sclerotic. An abnormal appearance of this cartilage
was not found to be associated with poorer local
control, and may be unimportant in terms of prognosis
(Tart et al. 1994; Hermans et al. 1999a). The majority
of sclerotic arytenoid cartilages do not contain
tumor within ossified bone marrow, which can help
to explain why radiation therapy is efficient in a
large percentage of patients with isolated arytenoid
sclerosis on CT (Becker et al. 1997).

Pameijer et al. (1997) found a lower probability of
local control in patients with T3 glottic carcinoma,
when both arytenoid and cricoid showed sclerosis.
These authors assume that if both the arytenoid and
cricoid cartilage are sclerotic, the probability of
microscopic cartilage invasion will increase. Hermans
et al. (1999b) also found that cricoid cartilage
abnormalities in glottic carcinoma yielded a statisti-
cally significant lower control rate. Ten out of the 13
patients with sclerosis of the cricoid in this study had
also sclerosis of the arytenoid cartilage, correspond-
ing with the ‘double sclerosis’-situation described by
Pameijer et al. (1997). However, the multivariate
analysis performed in the study by Hermans et al.
(1999a) showed that an abnormal appearing cricoid
cartilage is not an independent predictor of poor local
control in glottic carcinoma: it lost significance when
paraglottic and preepiglottic space involvement were
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entered in the statistical model. Even relatively subtle
cartilage abnormalities, as detected in this study
population (sclerosis of the cartilage being the most
frequent alteration seen), seem to be correlated with
deep tumor extension. More destructive cartilage
changes are associated with very bulky tumors, which
are not selected for radiation therapy.

There are only few data available on the correla-
tion between thyroid cartilage abnormalities as seen
on CT and local outcome of glottic cancer after
definitive radiation therapy. Some studies explicitly
excluded patients showing evidence of thyroid carti-
lage involvement (Mukherji et al. 1995; Pameijer
et al. 1997). In the study by Hermans et al. (1999a),
where tumor visible on both sides of the cartilage and
lysis of ossified cartilage were used as signs of thyroid
cartilage invasion, only a limited number of patients
with glottic carcinoma had an abnormal appearance of
this cartilage. No evidence was found that thyroidal
cartilage involvement on itself as seen on CT is
associated with a poorer local outcome after definitive
radiation therapy, but as said, the number of patients
in this study with signs of neoplastic involvement of
this cartilage was small.

No conclusions can be drawn concerning cricoid or
thyroid cartilage abnormalities on CT in supraglottic
carcinoma, due to the limited number of patients
selected for radiation therapy with abnormalities of
these cartilages.

On MRI, cartilage involvement in patients with
small-sized tumors (under 5 ml) is not correlated with
tumor recurrence; abnormal MR signal pattern in
cartilage combined with large tumor volume (above
5 ml) worsens the prognosis significantly (Castelijns
et al. 1996b). Consequently, abnormal MR signal
pattern in laryngeal cartilage should not automatically
imply laryngectomy, especially in lesions with smal-
ler volumes. It is incorrect to postulate that radio-
therapy cannot cure a substantial number of lesions
with cartilage involvement on MRI. Castelijns et al.
agree with Million (1989) that minimal cartilage
involvement in patients with low staged tumors does
not imply a bad prognosis (Castelijns et al. 1995,
1996a). Similar to CT, the presence of cartilage
abnormalities on MRI studies may be just reflecting a
large tumor volume and deep tumor spread, and as
such being only indirectly correlated with local out-
come after radiotherapy (Ljumanovic et al. 2004,
2007).

Recent experience shows that organ preservation
after chemoradiotherapy is possible in advanced lar-
yngeal cancer invading the cartilage, or even
spreading through the cartilage, as visible on imaging
studies (Knab et al. 2008; Worden et al. 2009).
However, the use of organ preservation as end point
in such studies may be questioned; in patients with
pretreatment gross cartilage destruction, a poor
functional outcome may be expected because of
breakdown of a significant part of the larynx during
tumor regression (Wolf 2010). As discussed above,
quantification of tumor bulk may be a more reliable
way to predict success of therapy.

4.3.1.3 Imaging of the Tumoral
Micro-Environment

Multiple factors determine the resistance of tumors
against radiation treatment and chemotherapy.
Tumors may show an intrinsic, genetically deter-
mined inherent resistance. However, extrinsic physi-
ological (environmental) factors are also important.
Most critical is the presence of less or inadequate and
heterogeneous vascular networks leading to chronic
‘diffusion-limited’ tumor hypoxia.

There is strong evidence that for some human
tumors treatment may fail due to the presence of
hypoxia (Overgaard and Horsman 1996). The presence
of tumor hypoxia needs to be identified and quantified,
not only as predictor of outcome, but also to select
patients for concomitant radiosensitising therapy to
overcome the hypoxia effect. Treatments such as
hyperbaric oxygen or carbogen (95-98% O, with 2—
5% CO,) breathing during RT have been extensively
investigated and initiated in clinics (Kaanders et al.
2002). The adequate appreciation of tumor hypoxia
may also lead to the efficient use of hypoxia-directed
treatments such as bioreductive drugs or gene therapy.

Direct quantification of tumor oxygenation can
thus be expected to be of important prognostic and
therapeutic value. However, till date, one has to rely
on invasive methods, e.g. biopsy-based immunohis-
tochemistry techniques, or the use of Eppendorf
oxygen-sensitive electrodes to screen tumors for
hypoxia. However, oxygen-sensitive needle elec-
trodes can only to a certain extent be used, as some
primary tumors (such as laryngeal cancers) are deeply
seated and difficult to reach.

There is a clear need for non-invasive methods to
investigate the tumoral micro-environment. Nuclear
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imaging methods (such as PET-imaging) may provide
important information about tumor physiology. There
is increasingly more evidence that CT and MR-stud-
ies, classically used to demonstrate the anatomic
position and extent of tumors, are able to provide
additional, biological information (Rijpkema et al.
2001, 2002; Hermans et al. 2003; Bisdas et al. 2009).

For example, breathing a hyperoxic hypercapnic
gas mixture may have an effect on both blood flow
and oxygenation. To study these effects in the clinic a
combination of blood oxygen level dependent
(BOLD)-MRI and dynamic contrast-enhanced MRI
techniques seems suitable. The effects of breathing a
hyperoxic hypercapnic gas mixture (98% O, + 2%
CO,) were assessed by functional MRI techniques in
patients with head and neck tumors (Rijpkema et al.
2002). The main conclusion of this study was that
breathing this gas mixture improved tumor blood
oxygenation. No changes in tumor vascularity were
found as assessed by the gadolinium uptake rate
(Rijpkema et al. 2001). Functional MRI proved to be
a promising tool to investigate both tumor oxygena-
tion and vascularity and might be developed into a
predictive tool for treatments using hyperoxygenation
for other types of tumors as well.

4.3.2 Predicting Local Outcome
After Surgery

One study addressed the correlation between volume
of supraglottic cancer, as assessed on imaging studies,
and outcome after surgical therapy. This study
examined a small population with few local recur-
rences; patients with a tumor volume over 16 ml were
found to have a significantly worse local outcome
than those with smaller volumes (Mukherji et al.
2000). The threshold tumor volume in this surgical
series is greater than the threshold tumor volumes
reported for supraglottic cancer treated by radiother-
apy (see above). This can be expected as during
laryngectomy the tumor is resected en bloc. The
endolaryngeal soft tissues of the larynx are contained
within a cartilaginous framework; the primary tumor
should therefore be completely contained within
the resected specimen in a successfully performed
laryngectomy. Large tumors are more likely invading
the laryngeal framework and grow extralaryngeally
(Mukherji et al. 2000).

It is often suggested that cartilage involvement
precludes voice-sparing partial laryngectomy (Tart

et al. 1994; Becker et al. 1995; Castelijns et al. 1996a).
However, one study indicated that cartilage alterations,
as seen on preoperative CT, are not correlated with the
local outcome of patients treated by a speech-preserv-
ing surgical technique: no increased local failure rate
was observed in the patients with cartilage alterations
(1 of 11) over those without cartilage abnormalities
(1 of 5) (Thoeny et al. 2005). The used surgical tech-
nique in this study (extended hemilaryngectomy with
tracheal autotransplantation) allows resection of the
hemilarynx, including half of the cricoid cartilage.
Therefore, areas of possible neoplastic cartilage
involvement are very likely to be included in the
resection specimen. The inability of other speech-pre-
serving surgical techniques to adequately resect areas
of laryngeal framework invasion may falsely lead to the
belief that cartilage involvement, in itself, is a contra-
indication for partial laryngectomy (Thoeny et al.
2005).

4.3.3 Towards Risk Profiles Incorporating
Imaging Findings

As staging procedure, CT and MRI have an important
function in corroborating clinical findings and ruling
out more extensive disease. Accurate staging is crit-
ical in decision making in oncology (Barbera et al.
2001). However, to what extent CT or MRI influence
treatment decisions in laryngeal cancer is currently
not very clear, and likely varies from institute to
institute. This influence depends on the conducted
treatment policy, more precisely on the relative role
of radiotherapy and surgery as primary treatment
modality in more advanced laryngeal cancer.

The parameters defined in the T-classification are
mainly based on clinical examination; the addition of
modern imaging methods in staging laryngeal cancer
may influence the prognostic information about the
T-classification itself, by causing stage migration
(Piccirillo and Lacy 2000; Champion and Piccirillo
2004). Furthermore, imaging-derived parameters such
as tumor volume and depth of invasion in the deep
tissues are stronger related to local outcome than the
T-categories.

Pure morphologic criteria cannot explain entirely
the biologic behavior of a tumor and its response to
treatment. Ongoing research focuses on the evaluation
with radiological methods of tumor microvasculari-
sation, perfusion, and oxygenation, factors known to
be of important prognostic value.
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New classification systems should be conceived,
incorporating not only morphologic tumor extent as
within the present TNM system, but also including
other variables with independent prognostic signifi-
cance (Takes et al. 2010).

5 Posttreatment Imaging
in Laryngeal Cancer

5.1 Expected Findings After Treatment
After treatment of a head and neck cancer, a number
of tissue changes become visible on CT and MR
images of the neck. These expected alterations should
be known, so that they are not misinterpreted as
evidence of persistent or recurrent tumor.

Imaging may be used to monitor tumor response
and to try to detect recurrent or persistent disease
before it becomes clinically evident, possibly with a
better chance for successful salvage.

Treatment complications, such as soft tissue or
cartilage/bone necrosis, are less frequent than tumor
recurrences, but these conditions may be clinically
sometimes difficult to distinguish. Although defini-
tive distinction between necrosis and recurrent
tumor may also be radiologically difficult, imaging
findings may be helpful in guiding the choice of
treatment and assessing the response to specific
treatment (Hermans 2004).

5.1.1 Expected Tissue Changes

After Radiotherapy

Within the first two weeks after radiotherapy, there is
an acute inflammatory reaction within the deep tis-
sues. Increased permeability, due to detachment of the
lining endothelial cells within small blood and lym-
phatic vessels, results in interstitial edema. After this
initial period of a few weeks, there is progressive
thickening of the connective tissue. Endothelial pro-
liferation is also seen, eventually resulting in com-
plete obstruction of the vessels. The reduction in
venous and lymphatic drainage results in further
accumulation of interstitial fluid. Then the fibrosis
becomes progressively more advanced but the inter-
stitial edema may be reduced by formation of col-
lateral capillary and lymphatic channels.

The changes visible on posttreatment CT and MR
images depend on the radiation dose and rate, the

irradiated tissue volume, and the time elapsed since the

end of radiation therapy (Mukherji et al. 1994a; Nomayr

etal. 2001). Changes that may be seen include (Fig. 21):

e Thickening of the skin and platysma muscle

e Reticulation of the subcutaneous fat and the deep
tissue fat layers

e Edema in the retropharyngeal space

e Increased enhancement of the major salivary
glands, followed by size reduction of these glands:
postirradiation sialadenitis

e Atrophy of lymphatic tissue, in both the lymph
nodes and Waldeyer’s ring

e Thickening and increased enhancement of the
pharyngeal walls

e Thickening of the laryngeal structures, with
increased density of the fat in the preepiglottic and
paraglottic spaces.

These tissue changes are most pronounced during
the first few months after the end of radiation therapy,
and diminish or even resolve with time. It is important
to note that the expected tissue changes after radiation
therapy appear symmetrical, unless the neck was
irradiated using asymmetric radiation portals.

The laryngeal cartilages do not show changes after
irradiation. Reduction in the degree of cartilage
sclerosis in the neighborhood of the tumor has been
described, and this appears to correlate with local
control (Pameijer et al. 1999).

5.1.2 Expected Findings After Laryngeal
Surgery

The limits of surgical therapy are determined by the
balance between obtaining cure by radical resection
of the tumor, and leaving the patient in a functionally
and esthetically acceptable situation. More extensive
resections are possible by the introduction of various
reconstructive materials, such as pedicled or free soft
tissue flaps, grafts, and protheses.

5.1.2.1 Laser Resection

The expected findings after transoral laser excision of
a laryngeal cancer depend on the amount of tissue
resected. The laryngeal soft tissues may appear nor-
mal, showing a focal tissue defect (Fig. 22). After a
more extensive resection, the laryngeal soft tissue
may be replaced by scar, appearing as homogeneous
but relatively dense tissue with a straighter inner
border (Maroldi et al. 2001); in such cases, differen-
tiation with recurrent tumor may be difficult and
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Fig. 21 Patient with supraglottic squamous cell carcinoma,
staged T3NO, treated by definitive radiotherapy. Axial contrast-
enhanced CT images are shown, obtained just before and
3 months after completion of radiation treatment. a, b Level of
lingual tonsil. After radiotherapy (b), apart from diffuse
increased attenuation of the neck fatty tissue, thickening of
the free edge of the epiglottis (white arrowhead), platysma
muscles (curved arrows), and oropharyngeal walls is seen.
Slight amount of retropharyngeal edema is present (black
arrowhead). Note also increased enhancement of the sub-
mandibular salivary glands (asterisks), corresponding to

correlation with endoscopic findings is necessary.
In case of doubt, biopsy is warranted.

5.1.2.2 Partial Laryngectomy

The aim of partial laryngectomy is to combine radical
tumor resection with preservation of laryngeal func-
tion. This requires continuity and patency of the

radiation sialadenitis, and volume reduction of lingual tonsil
(arrows). ¢, d. Level of supraglottis. Before radiotherapy (c), a
large supraglottic tumor mass (asterisk) is seen, infiltrating the
preepiglottic and right paraglottic space; normal left ventricle,
containing air bubble, in left paraglottic space (arrow). After
radiotherapy (d), the tumor mass disappeared; increased
attenuation of the paraglottic fat spaces, somewhat more
pronounced in former tumor bed; no mass lesion can be
recognized. Laryngeal ventricle is now visible on both sides
(arrows). Thickening and increased enhancement of the
hypopharyngeal walls (arrowhead)

airway, separation of the airway and digestive tract,
and sparing or reconstruction of the glottic phonation
function.

Traditional partial laryngectomies include hori-
zontal supraglottic laryngectomy and vertical hemi-
laryngectomy, but more complex surgical techniques
are also being employed (Maroldi et al. 1997, 2001;
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Fig. 22 a Recurrent glottic squamous cell cancer, presenting
as soft tissue thickening (arrows), two years after radiotherapy
for a right-sided glottic cancer (T2NO). b Situation 7 months

Delaere et al. 2007). The postoperative radiological
findings depend on the technique employed. Changes
in the laryngeal framework offer landmarks for
interpreting postoperative findings. However, a
somewhat different appearance for the same tech-
nique may be encountered among different patients,
depending on technical adaptations needed for ade-
quate tumor resection. The postoperative soft tissue
changes are less predictable, depending on individual
differences in healing, and variations in amount of
edema and scarring (Maroldi et al. 2001). The dif-
ferentiation between redundant or hypertrophic
mucosa, as well as scar tissue, from recurrent cancer,
may be difficult.

Horizontal supraglottic laryngectomy can be per-
formed in supraglottic cancer staying above the level
of the ventricles; this procedure is not performed
when the tumor infiltrates both arytenoids (one ary-
tenoid can be resected), the posterior commissure, the
postcricoid area, the apex of the sinus piriformis,
the glottis, or the thyroid cartilage. Minimal tongue
base invasion is not a contraindication. Almost all of
the larynx above the level of the ventricles is
removed. The residual thyroid cartilage is pulled
upwards and sutured to the hyoid bone.

Limited glottic cancer can be treated by vertical
hemilaryngectomy. The most limited variant of this
procedure is a cordectomy, where the entire vocal
cord is removed from the anterior commissure to the

after partial cordectomy by transoral laser resection: a soft
tissue defect is seen in the anterior half of the right true vocal
cord (arrows); no evidence for recurrent cancer

vocal process of the arytenoid. In a frontolateral lar-
yngectomy, the true and false vocal cords are
removed, as well as the greatest part of the ipsilateral
thyroid cartilage, including the angle to encompass
the anterior commissure; the vocal process of the
arytenoid can also be included. In a frontal laryn-
gectomy, the anterior portion of both vocal cords is
removed, together with the anterior commissure; a
modified frontal laryngectomy is Tucker’s* near-total’
technique, using the epiglottis as reconstructive tissue
(Fig. 23).

If more extensive involvement of the arytenoid is
present (possibly with involvement of the cricoary-
tenoid joint) and/or subglottic extension is present,
these procedures are not performed. Extended hemi-
laryngectomy may then be an alternative. During
this procedure, half of the larynx, including half of the
cricoid cartilage, is removed. The large defect in the
larynx is reconstructed with a tracheal patch, revas-
cularized by a freely transplanted radial forearm soft
tissue flap. Full height cricoid defects can be closed
using this patch in a position comparable to unilateral
laryngeal paralysis. This is a functional reconstruc-
tion, allowing the patient to breathe and speak
through his larynx, and swallow without aspiration
(Delaere et al. 2007) (Fig. 24).

Some advanced glottic and supraglottic cancers can
be treated by supracricoid partial laryngectomy (SPL),
entailing en bloc resection of all tissues between the
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Fig. 23 Contrast-enhanced CT-images in a patient who was
treated by a frontal laryngectomy (according to Tucker) for a
carcinoma in the anterior commissure. Three years later, he
presents with increasing dysphonia. Clinically, swelling of the
right false vocal cord is noted with an intact mucosa. a Axial
section at the level of the arytenoid cartilages (arrowheads).
Defect in the anterior part of the thyroid cartilage (arrows); the
anterior part of the left true vocal cord (curved arrow) has been
resected. On the right side, a centrally necrotic soft tissue mass
is seen (asterisk), indicating tumor recurrence. b Coronal

Fig. 24 Contrast-enhanced CT images in a patient treated by
extended hemilaryngectomy for a right-sided true vocal cord
carcinoma. a Axial section at the level of the left true vocal
cord. Left arytenoid (arrowhead). The right hemilarynx was
resected, and the defect closed by a tracheal patch (arrows).
The fatty structure along the tracheal patch (asterisk)

upper margin of the cricoid cartilage and the inferior
margin of the hyoid bone, including the true and false
vocal cords. Only the arytenoid on the less involved site
is left in place. For glottic cancers without involvement
of the supraglottis, the upper two-thirds of the epiglottis
can be preserved; this variant is known as SPL with
cricohyoidoepiglottopexy (CHEP) (Gavilan 2000).

reformatting. Level of true vocal cord is indicated on left side
by arrow. The recurrent tumor on the right (arrowheads) grows
from the false vocal cord region into the true vocal cord; early
subglottic extension may be present (lower arrowhead).
¢ Sagittal reformatting. The upper part of the epiglottis
(arrows) has a more anterior course as normally expected, as
this structure was used to close the thyroid cartilage defect. The
recurrent tumor (asterisk) abuts the upper margin of the arch of
the cricoid cartilage, appearing sclerotic (arrowhead). No
neoplastic cartilage invasion was present histologically

corresponds to the radial forearm fascial flap. b Axial section
at the level of the subglottis. The subglottic airway is
reconstructed by the tracheal transplant. ¢ Coronal reformatting
shows restoration of the laryngeal airway by the tracheal
transplant (arrows). Left true vocal cord (arrowhead); cricoid
cartilage (¢); thyroid cartilage (7)

5.1.2.3 Total Laryngectomy
Complete removal of the larynx may be required as
primary treatment of extensive laryngeal cancer or for
salvage of tumor recurrence after radiation treatment
or failed partial laryngectomy.

When the larynx is removed, the airway and upper
digestive tract become completely separated. The
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Fig. 25 Axial contrast-enhanced CT image. Situation after total
laryngectomy. The neopharynx is reconstructed by residual
pharyngeal tissue (arrows) and a musculocutaneous soft tissue
flap (pectoral major flap), containing skin (arrowheads), subcu-
taneous fat (black asterisk) and muscle (white asterisk)

airway will then end at a tracheostomy in the base of
the neck. If, following the laryngectomy, not suffi-
cient hypopharyngeal tissue is left for creating a
neopharyngeal lumen of acceptable diameter, a soft
tissue flap is used to create a wider lumen. A pedicled
pectoralis major musculocutaneous flap is commonly
used for this purpose (Fig. 25). The pectoralis major
flap has an excellent blood supply. The skin of the
flap borders the lumen, while the bulk of the flap fills
the soft tissue neck defect, creating a more acceptable
aesthetic appearance. On imaging studies, the pecto-
ralis major flap appears initially as a bulky soft tissue
structure, showing the characteristics of muscle;
gradually, denervation atrophy appears, causing vol-
ume loss and fatty replacement of the muscle. At the
time of imaging, the muscle denervation may be
incomplete; fiber-like structures with muscle density
within the flap should not be confused with tumor
recurrence. Sometimes a radial forearm flap is used to
create a neopharynx (Fig. 26), or an intestinal struc-
ture is transplanted to function as neopharynx.
Between the proximal trachea and esophagus, a
small one-way valve (such as a Provox voice proth-
esis) is placed, allowing escape of air from the
proximal trachea to the esophagus if the tracheostome
is closed by the patient. In this way the patient has a
lot of air available for producing pharyngeal speech,
allowing more rapid speech rehabilitation. Such a
valve is visible on imaging studies as a small tube,

Fig. 26 Axial contrast-enhanced CT-image, in a patient
treated by total laryngectomy. The neopharynx is reconstructed
by a free radial forearm flap (arrowheads); inner enhancing rim
is skin); the soft tissues are anteriorly covered by a pedicled
pectoralis major flap (arrows)

situated in the wall between the proximal trachea and
upper esophagus (Fig. 27).

Commonly during laryngectomy, tissue of the
thyroid gland is removed. Unilateral thyroidectomy
may be performed, to facilitate surgical access to the
larynx and to remove at the same time a site of
potential direct spread of the cancer. Another option
is to remove the isthmus of the thyroid gland, leaving
the two thyroid lobes. This remnant thyroid tissue is
usually easy to recognize because it shows a high
density, related to the high iodine concentration in the
gland and its strong vascularisation. However, as the
normal shape of the thyroid gland is lost, these rem-
nants usually show a rounded or oval appearance.
Thyroid tissue may appear inhomogeneous due to the
presence of nodular hyperplasia, adenomas, or cysts.
It is important that these thyroid remnants are not
confused with recurrent cancer; unlike recurrent
cancer, these have well-defined borders (Fig. 28).

5.2 Persistent or Recurrent Cancer
5.2.1 Imaging Strategies and Findings
Posttreatment imaging is useful to confirm the pres-
ence of clinically suspected tumor recurrence.
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Fig. 27 Axial CT-image at the level of the tracheostomy, in a
patient who underwent total laryngectomy. Normal appearance
of a voice prothesis (arrow), placed through the tracheo-
esophageal septum

Fig. 28 Axial contrast-enhanced CT image. The neopharynx
is seen lying between both thyroid lobes (black asterisks). The
thyroid isthmus was resected during the laryngectomy. The
inhomogeneous appearance of the thyroid lobes is caused by
nodular hyperplasia. Absence of left internal jugular vein along
the common carotid artery (arrow), resected during radical
neck dissection. Soft tissue flap (white asterisk)

On CT or MRI, tumor recurrence appears after
radiation therapy as a soft tissue mass at the primary
site and/or as an enlarged (and/or centrally liquefied)
neck adenopathy. After surgical treatment, the most
reliable imaging finding in recurrent tumor is an
enhancing soft tissue mass (Figs. 23, 29); after partial
laryngectomy, destruction of residual laryngeal car-
tilage may be seen.

Early tumor recurrence may be difficult to dis-
tinguish from tissue changes induced by therapy.
Therefore, it is recommended to obtain a follow-up
CT or MR study after surgical, radiation or

Fig. 29 Axial contrast-enhanced CT-image, after total laryn-
gectomy for squamous cell carcinoma. Enhancing soft tissue
mass (asterisk) at the anterolateral side of the neopharyngeal
lumen (arrows): recurrent cancer

combined treatment for a laryngeal neoplasm with
high-risk profile (Hermans et al. 2000; Schwartz
et al. 2003). Probably the best time to obtain such a
baseline study is about 3—6 months after the end of
treatment. Such a baseline study allows treatment-
caused changes in the head and neck tissues to be
documented. By comparing subsequent studies with
the baseline study, it becomes possible to detect with
more confidence tumor recurrences or treatment
complications, and this at an earlier stage than is
possible with clinical follow-up alone (Fig. 30). In
patients with laryngeal cancer, CT is an adequate
imaging modality for pre- and posttreatment imag-
ing, but similar results can be obtained using MRI
(Ljumanovic et al. 2008).

There is evidence that the baseline study after
radiotherapy carries important predictive information
regarding the eventual local outcome: several studies
show that CT may be useful in the early differentia-
tion of treatment responders from non-responders in
irradiated laryngeal and hypopharyngeal cancer
(Hermans et al. 2000; Mukherji et al. 1994b).

Based on the appearance of the larynx/hypophar-
ynx on an early post-radiotherapy CT study, a pre-
diction of long-term local outcome can be made
according to the following scores: 1 = expected post-
radiotherapy changes, i.e. complete resolution of the
tumor at the primary site and symmetrically appearing
laryngeal and hypopharyngeal tissues, as described
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Fig. 30 a Pretreatment CT-image of patient with T2 supra-
glottic squamous cell carcinoma, shows infiltrating lesion
within the left aryepiglottic fold (arrowhead). A pathologic
lymph node is seen along the left internal jugular vein (arrow).
b Three months after radiation treatment. Clinical examination
showed pronounced laryngeal edema, but no evidence of tumor.
On CT, thickening of the supraglottic soft tissues is seen, more
pronounced in the left aryepiglottic fold (arrowheads); the
density within the left aryepiglottic fold is also somewhat
higher than in the surrounding tissues. This is a non-specific
finding (score 2), warranting further imaging follow-up. ¢ Nine
months after radiation treatment. Clinically favourable evolu-
tion. However, CT shows more pronounced enhancement in the

above; 2 = focal mass with a maximal diameter
of <1 cm and/or asymmetric obliteration of laryngeal
tissue planes; 3 = focal mass with a maximal

left aryepiglottic fold compared to the previous study (arrow-
heads). This was reported as suspicious for tumor recurrence.
Direct laryngoscopy was performed but showed no mucosal
abnormalities; biopsies were negative. d One year after
radiation treatment. Apart from increasing generalized laryn-
geal edema, the enhancing mass in the aryepiglottic fold is now
extending more anteriorly into the left paraglottic space
(arrowheads). Also note appearance of small necrotic lymph
node in the left neck (arrow). Direct laryngoscopy, performed
after the CT study, showed caking of necrotic tissue over the
left aryepiglottic fold, suspect for tumor recurrence. Biopsy
revealed squamous cell carcinoma. The patient died with
progressive locoregional disease seven months later

diameter of >1 cm, or <50% estimated tumor vol-
ume reduction (Pameijer et al. 1999; Hermans et al.
2000).



84

R. Hermans

Fig. 31 Same patient as in Fig. 16. Six months after radiother-
apy, clinical suspicion of tumor recurrence. a Axial contrast-
enhanced CT-image shows centrally hypodense nodular lesion in
the preepiglottic space (arrow) suggesting necrotic tumor.

The post-radiotherapy CT-score 1 was shown to be a
very strong predictor of long-term local control;
patients with such findings on post-radiotherapy CT
will probably not benefit from further follow-up
imaging studies. Conversely, patients with a first fol-
low-up examination classified as CT-score 3 do very
poorly; almost all these patients will develop a local
failure (Pameijer et al. 1999). Further exploration in
such post-radiotherapy CT-score 3 patients is war-
ranted. FDG or thallium PET or SPECT-imaging may
prove to be a useful intermediate step in cases where
biopsy is considered too risky, or if a biopsy result is
returned as negative (Fig. 31). Indeed, the predictive
value of a negative biopsy for local control is reported
to be only 70% (Keane et al. 1993); this is likely due to
sampling error, as tumor recurrences initially develop
submucosally and can therefore not be accurately tar-
geted. In cases of contradiction between the clinical
findings, CT findings, results of radionucleide studies
and/or biopsy, close clinical follow-up and repeat
imaging studies are needed.

The local outcome of patients initially classified as
post-radiotherapy CT-score 2 is indeterminate. Unless
clinical examination is already suspect for local fail-
ure, further follow-up CT studies are needed in these
patients; a time interval of 3 to 4 months is recom-
mended, to be continued up to 2 years after comple-
tion of radiation treatment.

Some authors recommend FDG-PET as the initial
baseline study, in patients treated with advanced
disease with low clinical suspicion of recurrence, and

Biopsies were negative. b FDG-PET image shows faint tracer
accumulation at the level of the supraglottis. Total laryngectomy
was performed; histological analysis of the resection specimen
confirmed presence of squamous cell carcinoma

in patients with nonspecific symptoms that could
indicate recurrence but without a clinically obvious
mass; cross-sectional imaging should then be per-
formed for an equivocal or positive PET-study, or as
the initial study in patients with a suspicious palpable
mass or biopsy proved recurrent tumor (Mukherji and
Wolf 2003).

False positive findings are frequent if CT, MRI
(using conventional sequences), as well as PET is
used earlier than 3—4 months after the end of radio-
therapy. This is caused by radiotherapy-induced tissue
changes. These tissue changes, such as edema,
inflammation, fibrosis, and necrosis are expected to
show low cellularity on histological examination, in
contrast with recurrent or persistent tumour. Diffu-
sion-weighted MRI takes advantage of this com-
pletely different microstructure, which will be
reflected by a different signal intensity and ADC-
value. Based on ADC-values, diffusion-weighted
MRI allows differentiation of tumoral tissue from
post-radiotherapy alterations and tissue necrosis
with high accuracy, and this both in early and late
tumour recurrences. In the head and neck, sensitiv-
ities in the range of 84-93% and specificities in the
range of 90-96% were reported (Vandecaveye et al.
2007; Abdel Razek et al. 2007, 2008). Also in the
larynx, diffusion-weighted MRI allows to differen-
tiate tumor recurrence from inflammation and
necrosis (Vandecaveye et al. 2007). However, fur-
ther validation and standardisation of this imaging
technique is needed.
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5.2.2 Potential Value of Imaging
Surveillance

Use of this imaging-based information could lead to
more prompt salvage surgery and potentially improve
the survival of these patients (Hermans et al. 2000).
However, few data regarding the value of posttreatment
surveillance in patients with head and neck cancer are
available. Some authors argue that routine follow-up is
indispensable, as patients with asymptomatic locore-
gional recurrences, discovered during surveillance,
have a significant better postrecurrence survival than
those patients where recurrent disease was found by
symptoms (De Visscher and Manni 1994). Other
authors point out that the apparently longer survival of
patients with recurrent tumor diagnosed by testing, may
be due to lead time bias (i.e. early diagnosis falsely
appears to prolong survival) (Schwartz et al. 2003). This
statement probably is true for patients treated by com-
bined-modality therapy for advanced head and neck
cancer, who are known to do extremely poorly after
relapse and rarely have an effective treatment option
available (Cooney and Poulsen 1999). However, in
single modality treated patients, where a reasonable
chance of salvage exists after locoregional recurrence
(e.g. 35-60% surgical salvage rate for irradiated lar-
yngeal cancer), imaging surveillance may be worth-
while to add to the clinical follow-up in order to further
improve the salvage rate. More studies are required to
elucidate this question.

5.3 Treatment Complications

5.3.1 Complications After Surgery

Most surgical complications occur early after treat-
ment, and are dealt with on a clinical basis. Imaging
may be required in the detection and follow-up of a
fistula after partial or total laryngectomy. Many of
these fistulas will close spontaneously, but some may
need reintervention.

After conservative surgery, swallowing coordination
may be impaired. The postoperative swallowing function
can be analyzed by videofluoroscopy or video-
fluorography, providing information allowing the plan-
ning of rehabilitation (Maroldi et al. 2001). In some
cases, surgical intervention may be required; in case of
severe aspiration, total laryngectomy may be necessary.

Imaging may also be of use in the confirmation of
flap failure due to necrosis (Fig. 32).

Fig. 32 Axial contrast-enhanced CT image. A few weeks
before this CT study, total laryngectomy was performed, with
neopharyngeal reconstruction by a pectoralis major flap. The
patient suffers now from persistent fistulisation. Throughout the
pectoralis major flap, large, confluent gas bubbles are visible,
indicating flap necrosis. Flap necrosis was surgically confirmed

A voice prosthesis may cause an inflammatory
reaction in the surrounding tissues, and infections may
also occur. Clinically, the differentiation with tumor
recurrence is not always obvious, and also on imaging,
such inflammation causes a soft tissue thickening which
may be difficult to differentiate from tumor recurrence.
More severe cases of infection complicating a voice
prosthesis have been reported, including cervical oste-
omyelitis and mediastinitis. The presentation may be
insidious, with symptoms such as dysphagia, swollen
neck and reduced cervical mobility (Malik et al. 2007).

Another complication that may be seen after total
laryngectomy is dislocation of the voice prosthesis
causing dysphagia (Fig. 33).

5.3.2 Complications After Radiotherapy

5.3.2.1 Laryngeal Necrosis

Acute effects of radiotherapy (skin and mucosal
reactions) occur during or immediately after treat-
ment, and usually settle spontaneously.

Persisting severe edema and radionecrosis of the
larynx are uncommon treatment complications with
an incidence of about 1%. The occurrence of lar-
yngeal necrosis peaks during the 12 months following
treatment, which is more or less contemporaneous
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Fig. 33 Axial (a) and coronal (b) CT-image in a patient
presenting with dysphagia after total laryngectomy; no evi-
dence for tumor recurrence was seen, but the voice prosthesis
(arrow) was seen to be dislodged into the neopharynx,

with the peak incidence of tumor recurrence.
However, cases of laryngeal necrosis more than
10 years after radiation treatment do occur (O’Brien
1996). These late effects after radiation treatment are
largely due to impaired vascular and lymphatic flow,
caused by endothelial damage and fibrosis (Alexander
1963). Cartilage itself is resistant to the effect of
irradiation (see above). Cartilage changes usually
occur when the perichondrium is broached by trauma
or tumor, exposing the underlying irradiated cartilage
to microorganisms in the airway (Keene et al. 1982);
this may lead to infectious perichondritis, possibly
resulting in necrosis and laryngeal collapse.

Patients with laryngeal necrosis often have neck
and/or ear pain, some degree of dysphagia, and
anterior neck swelling. Hoarseness and dyspnea are
caused by increasing edema with impairment of vocal
cord mobility, resulting in cord fixation. Inflammatory
changes in the overlying skin or cutaneous fistulae
may be present. Palpation of the laryngeal region
usually is painful. On imaging studies, a variable
degree of laryngeal soft-tissue swelling is seen
(Hermans et al. 1998). These soft tissue changes
surrounding the necrotic cartilage can be very pro-
nounced and may be the only visible abnormality,
making the differentiation with recurrent tumor very

explaining the patient’s complaints. At endoscopy, the prothesis
was found completely embedded within the neopharyngeal
mucosa

difficult. Furthermore, laryngeal necrosis and tumor
recurrence may occur simultaneously. In laryngeal
necrosis, some fluid may be seen surrounding the
cartilages (Fig. 34). Cartilaginous abnormalities are
often visible, but in some patients they may only
become apparent on follow-up CT studies.

Necrosis of the thyroid cartilage may cause frag-
mentation and collapse of this cartilage with or without
gas bubbles visible adjacent to or in it. Patients with
arytenoid cartilage necrosis may show anterior dislo-
cation of this cartilage; this could be due to crico-
arytenoidal joint effusion, secondary to inflammation
or infection. Progressive lysis of the arytenoid is pos-
sible, showing a crumbly aspect evolving to complete
disappearance (De Vuysere et al. 1999). Also, slough-
ing of the arytenoid cartilage into the airway has been
described (Hermans et al. 1998). The adjacent part of
the cricoid cartilage may appear sclerotic. Cricoidal
sclerosis or destruction may be also seen in association
with lysis of the thyroid cartilage (Fig. 35).

On MR studies, laryngeal necrosis may appear as
focal swelling of the laryngeal soft tissues, loss of the
normal high signal in the medullary space of ossified
laryngeal cartilage on TI-weighted images, and
enhancement of the affected cartilage after injection
of gadolinium (Bousson et al. 1995).
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Fig. 34 Axial contrast-enhanced CT-images. Patient treated
five months earlier by irradiation for T3 supraglottic cancer,
suffering from progressive dysphagia. Laryngoscopy showed
a fixed left vocal cord, suspect for tumor recurrence. a On a
background of expected changes after radiation therapy, a
centrally hypodense nodular area of soft tissue thickening is
seen in the left aryepiglottic fold (arrowheads). Furthermore, a
large soft tissue defect (asterisk), connecting the left piriform
sinus with the denuded thyroid cartilage lamina, is seen. The

In some cases, the imaging findings allow better
differentiation between tumor recurrence and chond-
ronecrosis than clinical examination alone. Studies on
post-radiotherapy surveillance of laryngeal and hypo-
pharyngeal cancer (Mukherji et al. 1994b; Pameijer etal.
1999) showed that progressive cartilage alterations on
post-radiotherapy CT studies predicted poor local out-
come, either due to tumor recurrence or chondroradi-
onecrosis. In these studies gas bubbles in the vicinity of
cartilage and cartilage collapse were not observed in
cases of tumor recurrence. Such findings can be regarded
as suggestive of radionecrosis; nevertheless, a co-exis-
tent tumor recurrence may be difficult to exclude,
depending on the associated tissue alterations (Fig. 34).

It has been suggested that FDG-PET may allow
differentiation between tumor recurrence and tissue
necrosis as complication of therapy (Anzai et al.
1996; McGuirt et al. 1998). However, false positive
results may occur as tissue necrosis may be associated
with an important inflammatory reaction, increased
metabolism and thus increased uptake of the tracer,
suggesting tumor recurrence.

thyroid lamina appears slightly irregular, and is abutted by air.
b At a lower level, soft tissue defects are seen to connect to the
left piriform sinus, as well as to the laryngeal ventricle
(asterisks). Fluid layer at the outer side of the thyroid cartilage
(arrows). A FDG-PET study was strongly positive at the level
of the supraglottis. Because of a rapidly deteriorating clinical
situation, total laryngectomy was performed. Histologic exam-
ination revealed extensive tissue necrosis, but no laryngeal
tumor recurrence

As already mentioned above, diffusion-weighted
MRI may be a useful complementary method to dif-
ferentiate between tissue necrosis and persistent or
recurrent cancer (Vandecaveye et al. 2007).

5.3.2.2 Other Complications After Radiotherapy
Fibrosis after radiotherapy may lead to contraction
and hardening of the cervical tissues. Fibrosis-
induced laryngeal dysfunction may lead to aspiration
due to immobilization of the epiglottis and/or delayed
closure of the laryngeal vestibulum and glottis; sec-
ondary aspiration may be caused by ineffective
clearance of the pharynx. Dysphagia may be caused
by pharyngeal or upper esophageal stenosis, occuring
in 3-4% of patients irradiated for head and neck
cancer; rarely, this may evolve to complete obstruc-
tion of the upper digestive tract (Laurell et al. 2003;
Maple et al. 2006).

Fibrosis of the masticatory muscles may occur,
particularly if they were involved by the cancer.
The MRI-signal characteristics of fibrosis are vari-
able; often, follow-up studies are needed to rule
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Fig. 35 Coronal reformatting of contrast-enhanced laryngeal
CT-study. The patient was treated two years earlier with
radiotherapy for a T2 glottic carcinoma, and now present with
increasing breathing and swallowing difficulties. Laryngeal soft
tissue thickening is seen, more pronounced on the left side.
Lysis of the left part of the cricoid arcus, with presence of an
intracartilaginous gas bubble (arrow); also the upper part of the
left thyroid cartilage wing appears lytic and contains several
gas bubbles (arrowheads). The image is suggestive for
extensive laryngeal necrosis. Total laryngectomy was per-
formed; histopathologic study confirmed extensive radionecro-
sis, without evidence of tumor recurrence

out tumor recurrence with a sufficient degree of
confidence.

Other long-term complications of radiotherapy
include arteriopathy, delayed central nervous system
reaction, radiation myelopathy, cranial nerve palsy
and secondary tumors (Becker et al. 1997b).

6 Non-Squamous Cell
Laryngeal Neoplasms

The vast majority of laryngeal mass lesions are squa-
mous cell carcinomas, and most of them clinically
show mucosal alterations. Non-squamous cell carci-
nomas typically grow beneath an intact mucosal layer.
Clinical and endoscopical diagnosis of a submucosal

laryngeal mass lesion is more difficult, and the initial
biopsy results of such lesions may be returned as
inconclusive or negative.

CT and MR studies demonstrate the presence and
extension of such submucosal mass lesion. However,
the radiological differentiation between a benign and
malignant submucosal mass may be difficult. Signs
suggesting malignancy include cartilage destruction,
the presence of adenopathies, and a multifocal
appearance and/or widely infiltrating behavior.

A variety of epithelial non-squamous neoplasms,
and non-epithelial neoplasms can be encountered
within the larynx (De Foer et al. 1996). The following
discussion is limited to malignant lesions.

6.1 Minor Salivary Gland Neoplasms
Minor salivary glands are found throughout the mucosa
of the oral and upper respiratory tract. In the larynx, these
glands are located in the supra- and subglottic region; the
glottis is devoid of minor salivary glands. The incidence
of malignant tumors is considerably higher in minor
salivary glands than in the large salivary glands; adenoid
cystic carcinoma is the most frequent neoplasm of the
minor salivary glands, but also adenocarcinoma and
muco-epidermoid carcinoma arise from these glands.

Adenoid cystic carcinoma is a misleading name as
macroscopic cystic structures are unusual in this
tumor. It is sometimes called cylindroma, an old name
which is better abandoned as it includes several
nonrelated types of neoplasms.

About 25-35% of minor salivary gland tumors are
adenoid cystic carcinomas. This tumor is mainly seen
in the fourth, fifth and sixth decade of life.

The radiographic characteristics of adenoid cystic
carcinoma are nonspecific. In the larynx, these tumors
usually present as a submucosal soft tissue mass in the
subglottis (Fig. 36). As they grow submucosally, they are
often locally more extensive than clinically suspected.

6.2 Mesenchymal Malignancies

6.2.1 Chondrosarcoma

Chondrosarcomas are the most frequent laryngeal
sarcomas. Cartilaginous tumors of the larynx account
for less than 1% of all laryngeal tumors. Both chon-
droma and chondrosarcoma are encountered in the
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Fig. 36 Patient presenting with hoarseness; endoscopically, a
submucosal mass lesion is suspected. The axial T2-weighted
MR image (a) shows a hyperintense mass lesion (arrows) in the
subglottis and distal hypopharynx. On the sagittal gadolinium-

larynx, with 70% arising from the cricoid cartilage,
and the thyroid cartilage being the next most common
site of origin.

These cartilaginous tumors may be asymptomatic, or
present with hoarseness, dyspnea or dysphagia. At pre-
sentation, the lesion is usually less than 2 to 3 cm in
diameter. On pathological examination, a lobular growth
pattern with low cellularity is seen; nuclear atypia and
mitoses are not encountered (Devaney et al. 1995).

True chondromas of the larynx are probably very
rare. It is difficult to firmly establish the diagnosis of
benign laryngeal chondroma on a small amount of
tissue obtained by biopsy. Low-grade chondrosar-
coma may also show a lobular growth pattern.
Compared to chondroma, low-grade chondrosarcoma
may display only minimally increased cellularity and
nuclear atypia, a pattern overlapping with benign
chondromas; there is also no appreciable degree of
mitotic activity in such lesions (Devaney et al. 1995).

On CT studies, cartilaginous tumors of the larynx
appear as hypodense, well circumscribed masses cen-
tered within the laryngeal cartilage, with coarse or
stippled calcification within the lesion (Wang et al.
1999) (Fig. 37). The imaging findings do not allow to

enhanced T1-weighted image (b), the mass is seen to infiltrate
the larynx (upper arrowhead), proximal trachea (lower arrow-
head), distal hypopharynx (upper arrow) and proximal oesoph-
agus (lower arrow)

Fig. 37 Coincidently discovered mass lesion in cricoid carti-
lage, on occasion of a MR study of the cervical spine. Clinical
examination showed submucosal swelling underneath the left
true vocal cord. Axial CT-image (bone window) confirms an
expansile lesion in the left posterolateral part of the cricoid
arch; the lesion contains punctiform calcifications. The patient
was treated by extended hemilaryngectomy; histological exam-
ination showed low-grade chondrosarcoma
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Fig. 38 MR appearance of a large low-grade chondrosarcoma
originating from the cricoid cartilage. a Axial T2-weighted spin
echo image shows a lobulated mass (arrows) with high signal

Fig. 39 Axial contrast-enhanced CT-image. Soft tissue mass
centered in the right paraglottic space (arrowhead), extending
into the hypopharynx as well as extrapharyngeally (arrows).
The tumor appears inhomogeneously, consisting of tissue with
negative and positive density values. Liposarcoma

distinguish between a benign and malignant chondroid
tumor, although in high-grade chondrosarcomas nodal
metastasis in the head and neck may rarely be seen. MRI
is less specific for diagnosing such a lesion as it does not
depict the intratumoral calcifications as well as CT; on
MR, the tumor matrix has shows a relative high signal
intensity on T2-weighted images; the tumor enhance-
ment after injection of gadolinium is variable (Fig. 38).

Cystic-appearing chondrosarcomas have been
reported, and may mimic a fluid-filled laryngocoele

intensity. b Axial T1-weighted spin echo image. ¢ Gadolinium-
enhanced axial T1-weighted spin echo image shows irregular
enhancement of the mass lesion

when originating from the thyroid cartilage (De Foer
et al. 1996).

Surgery is the only curative modality in laryngeal
cartilaginous tumors. Low-grade chondrosarcomas
may locally recur if incompletely resected, but have
only limited risk of metastasic disease. Therefore, in
all laryngeal cartilaginous tumors a conservative
approach is followed whenever possible, directed
towards voice-sparing partial laryngectomy. However,
total laryngectomy may be the appropriate treatment in
lesions involving larger portions of the cricoid carti-
lage, interfering with surgical reconstruction of a
functional larynx, or when the diagnosis of high grade
chondrosarcoma is established (Devaney et al. 1995;
Wang et al. 1999).

6.2.2 Other Mesenchymal Malignancies
Other types of laryngeal sarcomas are extremely
rare. These include osteosarcoma, malignant fibrous
histiocytoma, fibrosarcoma, liposarcoma (Fig. 39),
angiosarcoma, synovial sarcoma, rhabdomyosarcoma,
leiomyosarcoma and Kaposi’s sarcoma. These tumors
usually appear radiologically as a huge and infiltrating
supraglottic mass lesion.

6.3 Hematopoietic Malignancies

6.3.1 Lymphoma

Non-Hodgkin lymphoma is a heterogeneous group of
neoplasms originating from lymphocytes or their
derivatives. Non-Hodgkin lymphoma has varying
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Fig. 40 Axial contrast-enhanced CT image shows diffuse soft
tissue infiltration of the deep fatty laryngeal spaces (paraglottic
and preepiglottic space), corresponding to non-Hodgkin
lymphoma

clinical presentations and different courses and prog-
noses (see “Neck Lymphoma”)

Non-Hodgkin lymphoma is a disease of the
middle-aged and elderly, with only few cases occurring
before the age of 40. It represents about 5% of head
and neck malignancies. About 11% of non-Hodgkin
lymphomas present with lesions in this region, and
about 50% of patients with head and neck disease have
systemic disease.

Non-Hodgkin lymphoma can involve virtually any
site in the extracranial head and neck. Nodal involve-
ment is common, but in several studies extranodal
spread is reported to occur more frequently than nodal
enlargement. In the head and neck, two distinct
extranodal sites are recognized: extranodal lymphatic
spread or involvement of Waldeyer’s ring, and
extranodal extralymphatic spread. Extranodal extra-
lymphatic non-Hodgkin lymphoma occurs most com-
monly in the sinonasal cavities and orbits, but it may
infiltrate any tissue of the head and neck, such as the
deep spaces, skeletal structures, larynx and thyroid
gland. Laryngeal non-Hodgkin lymphoma often shows
on imaging studies a large submucosal mass lesion in
the supraglottic region; extension to the glottis, sub-
glottis, laryngeal cartilage and strap muscles is less
frequent (King et al. 2004) (Fig. 40).

Whenever an infiltrating mass is present in the
extracranial head and neck region, lymphoma is a
possible cause (Hermans et al. 1994).

Fig. 41 Patient known with localized bladder cancer, treated
by endoscopic resection. Because of pain during swallowing, an
imaging study of the neck was performed. Gadolinium-
enhanced axial T1-weighted spin echo image shows enhancing
and expansile mass lesion (arrows) in the right thyroid cartilage
wing. Resection was performed; pathologic examination
revealed urothelial cancer, histologically similar to the previ-
ously removed bladder tumor: metastasis. The patient died a
few months later due to widespread and rapidly progressive
metastatic disease

6.3.2 Plasma Cell Neoplasms

Plasma cell neoplasms are relatively unusual malig-
nancies of the head and neck region. Multiple myeloma,
solitary plasmacytoma of bone, and extramedullary
plasmacytoma are plasma cell neoplasms. Multiple
myeloma is a fatal disease with a mean survival of
2-3 years. Progression to multiple myeloma is the most
important prognostic factor for solitary plasmocytoma
of bone and extramedullary plasmocytoma; extramed-
ullary plasmocytoma has a better prognosis than solitary
plasmacytoma of bone.

The incidence of laryngeal plasmacytoma with
respect to all malignant tumors of the larynx is small
(Maniglia and Xue 1983). Approximately 6-18%
of extramedullary plasmocytomas in the head and
neck region occur in the larynx. The most common
laryngeal sites are the epiglottis, followed by the vocal
cords, false cords, ventricles, and subglottis. Laryngeal
plasmacytomas are generally submucosal lesions, but
can also be polypoid and may involve multiple con-
tiguous sites of the larynx (Nofsinger et al. 1997).

The imaging findings of extramedullary plasmo-
cytoma in the larynx are non-specific. The major role
of imaging is to confirm the presence of a tumor mass
and show the extent of the lesion.
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6.3.3 Metastasis

The larynx is an rare site for metastasis. In most cases,
the metastasis involves the supra- or subglottic sub-
mucosa, or the ossified laryngeal framework. The
most common primary tumors are malignant mela-
noma, renal cell carcinoma, gastro-intestinal cancer,
breast cancer and pulmonary cancer (Batsakis et al.
1985; Nicolai et al. 1996). Laryngeal metastasis may
be asymptomatic, or cause symptoms similar to pri-
mary laryngeal tumors (Fig. 41).
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Abstract

Cancers of the hypopharynx and proximal esoph-
agus typically present at an advanced stage. They
are often underestimated on clinical examination
as they tend to grow in a submucosal fashion.
On imaging, evaluation of the normally present fat
planes within the post-cricoid musculature and
around the hypopharynx as well as proximal
esophagus is essential for mapping of the tumor
boundaries. Cartilage invasion, tumor volume and
involvement of the pyriform sinus apex are
important variables in stratification of patients into
favorable and unfavorable treatment groups.
Patients with favorable tumors typically receive
radiation therapy while patients with unfavorable
tumors usually undergo surgical resection and
subsequent reconstructive surgery. Both treatments
cause some alteration of the tissue planes with
additional marked distortion of the normal anat-
omy seen with surgical resection. The growth
patterns of tumors arising from the different
subsites within the hypopharynx and proximal
esophagus, pretreatment considerations for staging
and treatment planning purposes, as well as
posttreatment complications and surveillance
issues will be discussed in this chapter.

1 Introduction

Cancers of the hypopharynx and proximal esophagus
represent one of the most difficult diseases for the head
and neck surgeons to manage as they pose a signif-
icant diagnostic challenge. The trend of these cancers
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to grow in submucosal fashion combined with the
complex functions of the hypopharynx, esophagus and
adjacent larynx requires detailed mapping of the tumor
boundaries to yield the most optimal treatment selec-
tion, determine the extent of possible surgical resection
and subsequent reconstructive surgery. Consequently,
cross-sectional imaging plays a critical role in the
evaluation of hypopharyngeal and esophageal cancers.

Computer tomography (CT) is a well-established
and in most institutions the preferred method for
evaluation of the hypopharynx and the cervical
esophagus. The short acquisition time is the main
advantage of CT over Magnetic Resonance (MR)
imaging (Wenig et al. 1995). Up to 16% of MR
studies focusing on the hypopharynx and cervical
esophagus have been reported to be non-diagnostic
secondary to claustrophobia or motion artifacts
(Becker 1998). MR imaging is however superior in
the evaluation of the esophageal verge and cervical
esophagus because of better soft tissue delineation
and lack of obscuration of these structures by beam-
hardening artifacts caused by the shoulders as may be
seen with CT. Multi-planar capabilities of MR play a
markedly less important role in our days as the wide
utilization of multi-slice helical CT scanners and
interactive picture archive computer systems allow
reformation of the volumetric CT data sets in any
desirable plane. In recent years, positron emission
tomography—computed tomography (PET-CT) with
fluorine-18  fluorodeoxyglucose (18F-FDG) has
become an important adjunctive tool in staging and
follow-up of patients with head and neck cancer, in
particular in advanced tumor stages as this is typically
the case with hypopharyngeal cancers.

2 Anatomy

2.1 Descriptive Anatomy

The hypopharynx is the portion of the pharynx that
extends from the oropharynx to the esophageal verge.
It continues inferiorly as the cervical esophagus to the
level of the thoracic inlet. The anterior boundary of
the hypopharynx and the cervical esophagus is
formed by the larynx and the trachea, respectively.
The retropharyngeal space forms the posterior
boundary. There is no clear anatomical barrier
between the hypopharynx and the oropharynx as

well as the hypopharynx and the cervical esophagus.
The hypopharynx is divided into three distinct
regions: pyriform sinus, postcricoid region and pos-
terior hypopharyngeal wall:

The pyriform sinus (one on each side) is formed by
the anterior, medial and lateral walls and resembles an
inverted pyramid. The base of the pyramid at the level
of the pharyngoepiglottic folds constitutes the
entrance of the pyriform sinus. The pyriform sinus
apex located at the inferior margin of the cricoid
cartilage, represents the tip of the inverted pyramid.
The aryepiglottic folds separate the pyriform sinus
posteriorly from the larynx anteromedially. More
inferiorly, the pyriform sinus abuts the posterior
margin of the paraglottic space. This close anatomical
proximity explains the frequently seen involvement of
the larynx in patients diagnosed with pyriform sinus
cancer. The thyrohyoid membrane separates the pyr-
iform sinus from the lateral neck compartment. The
superior laryngeal neurovascular bundle courses
through the thyrohyoid membrane. The sensory axons
of the superior laryngeal nerve continue superiorly to
join the Arnold nerve within the jugular foramen,
giving rise to referred otalgia that can be the pre-
senting symptom of pyriform sinus cancer. In addi-
tion, the superior laryngeal neurovascular bundle
causes a “weak” point within the thyrohyoid mem-
brane facilitating tumor spread out of the visceral
compartment into the extrapharyngeal soft tissues.

The postcricoid region represents the anterior wall
of the hypopharynx. It extends from the posterior sur-
face of the arytenoid cartilage to the esophageal verge.

The posterior hypopharyngeal wall forms the
posterior boundary of the hypopharynx stretching
from the aryepiglottic folds superiorly to the esoph-
ageal verge inferiorly. There is no defined boundary
of the hypopharyngeal wall towards the oropharynx
superiorly and towards the esophagus inferiorly. The
retropharyngeal space separates the vertebral and
paravertebral structures from the posterior hypopha-
ryngeal wall and allows the pharynx to move freely
during swallowing.

The wall of the hypopharynx constitutes four lay-
ers: the outer fascial layer originating from the buc-
copharyngeal facia, the muscular layer, the fibrous
layer arising from the pharyngeal aponeurosis and the
mucosal lining of stratified squamous epithelium over
loose stroma that can be identified on cross-sectional
images as a thin fat plane (see under Imaging
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Anatomy). The muscular layer is formed by the pos-
terior cricoarytenoid muscle anteriorly and the middle
or inferior constrictor muscles posteriorly. The infe-
rior constrictor muscle continues inferiorly to blend
with the cricopharyngeus muscle forming the upper
esophageal sphincter at the esophageal verge. Slightly
more inferiorly, the esophageal verge assumes a
round to oval shape as it transitions to the cervical
esophagus. At the cervical esophagus level, the
muscular layer consists of inner circular and outer
longitudinal muscle fibers that are protected on the
inside by nonkeratinizing squamous epithelium over
loose areolar tissue. Externally, the muscular layer is
covered by a fascial sheath. The cervical esophagus
is located posterior to the trachea where it often
causes impression upon the posterior fibrous wall of
the trachea. A thin layer of fatty tissue separates the
fibrous wall of the trachea from the esophagus and
may be referred to as the “common wall”. Laterally,
the cervical esophagus abuts the tracheoesophageal
(TE) groove. It houses the recurrent laryngeal nerve
and the TE groove lymph nodes as part of the nodal
group VI. Occasionally, the parathyroid and/or the
thyroid gland extend into the TE groove.

2.2 Imaging Anatomy
On cross-sectional images, all three portions of the
hypopharynx are seen posterior to the arytenoid and
cricoid cartilages while only the pyriform sinuses and
the posterior pharyngeal wall constitute the hypo-
pharynx above the arytenoid cartilage level. The
hypopharyngeal cross-sectional anatomy posterior to
the cricoid cartilage is therefore very complex: the
postcricoid region lies directly posterior to the cricoid
cartilage, the inferior portion of the pyriform sinuses
laterally on each side and the posterior hypopharyn-
geal wall posteriorly. The fact that the hypopharynx is
typically collapsed during cross-sectional imaging,
bringing the mucosa of the postcricoid region and of
the posterior hypopharyngeal wall in direct contact to
form a single mucosal layer complicates the already
difficult hypopharyngeal anatomy at that level.
Therefore, knowledge of the normal appearance and
of normative data is essential for detection of abnor-
malities (Schmalfuss et al. 2000).

The anteroposterior (AP) dimensions of the postcri-
coid portion of the hypopharynx show little variations

Fig. 1 Axial T2-weighted image through the cervical esoph-
agus demonstrating the normal homogeneous low attenuation
of the muscular wall of the esophagus (arrowheads) in
comparison to the hypertintense mucosa centrally and the
paraesophageal fat planes laterally. 7 = trachea, t = thyroid

from the upper to lower margin of the cricoid carti-
lage. However, an AP diameter over 10 mm should
be considered abnormal (Schmalfuss et al. 2000). The
postcricoid area is usually slightly thinner than the
posterior pharyngeal wall with 2.5 and 3.5 mm in
average, respectively (Schmalfuss et al. 2000). In
contrast to the AP measurements, the transverse
dimension of the postcricoid portion of the hypo-
pharynx tapers from the upper to the lower margin of
the cricoid cartilage. Therefore, lack of normal
tapering should raise the suspicion for an underlying
abnormality and initiate a search for additional
abnormal findings such as obscuration of the intra-
mural or surrounding fat planes (see below). The
esophageal diameter depends upon the amount of
intraluminal air and is therefore not a useful indicator
for underlying pathology. The thickness of the
esophageal wall, however, is relatively constant with
less than 5 mm and consequently a key marker for
detection of an underlying lesion (Schmalfuss et al.
2000). In addition, the internal attenuation of the
esophageal wall is helpful as it should be homoge-
neously iso-attenuated to the surrounding musculature
on CT and T2-weighted images (Fig. 1) and shows
no enhancement following contrast administration
(Schmalfuss et al. 2000; Quint et al. 1985).
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Fig. 2 Axial contrast-enhanced CT image through the post-
cricoid region shows normal submucosal fat planes on the left
(black arrows) and abrupt cutoff of the submucosal fat planes
on the right (white arrows) caused by a small pyriform sinus
tumor on the right (arrowheads)

Fig. 3 Axial contrast-enhanced CT image through the mid
cricoid level demonstrates asymmetric appearance of the sub-
mucosal fat planes. As in this patient, the submucosal fat planes
are usually more prominent on the left (black arrows) than on the
right (white arrows) which might be related to the preferred left-
sided location of the cervical esophagus (not demonstrated)

The assessment of intramural and surrounding fat
planes is critical in the workup of patients with sus-
pected hypopharyngeal or upper esophageal abnor-
mality as obliteration of these fat planes might be the
only sign of an underlying cancer (Fig. 2). Overall,

the fat planes are more frequently seen with CT than
with MR. The gradient-echo T2-weighted images are
superior to the TI1- or T2-weighted images in the
visibility of the intramural fat planes while there are
no preferences between the various MR sequences
for demonstration of the surrounding fat planes
(Schmalfuss et al. 2000).

In the postcricoid portion of the hypopharynx, the
visibility of the intramural fat planes decreases from
the upper to the lower cricoid cartilage level with
85-30%, respectively. The intramural fat planes are
usually symmetric in appearance at the upper cricoid
cartilage level but show marked asymmetry at the mid
and lower cricoid cartilage levels in approximately
one-third of the patients (Fig. 3). Typically, the left
intramural fat plane is more obvious which might be
due to the commonly seen left-sided location of the
esophagus (Schmalfuss et al. 2000).

The surrounding fat planes lateral to the postcri-
coid portion of the hypopharynx and cervical esoph-
agus are most constantly seen. The left surrounding
fat plane is markedly more commonly visible than the
right while the posterior fat plane is least frequently
appreciated (Fig. 4a). In addition, the visibility of the
surrounding fat planes varies by location with the best
visibility around the esophageal verge (Fig. 4b). The
fat planes of the TE groove contain a subset of group
VI lymph nodes. These lymph nodes should be con-
sidered normal if homogeneous in attention and less
than 1 cm in largest diameter (Schmalfuss et al. 2000;
Glazer et al. 1985). In adults, these are rarely larger
than 5 mm in short axis. Hence, the classically used
cutoff value of 1 cm may not be applicable to the
elderly. Small but round appearing TE lymph nodes,
especially when heterogeneously enhancing, should
be considered suspicious in the presence of a hypo-
pharyngeal or esophageal cancer.

The common wall of the trachea and esophagus is
formed by the fibrous wall of the posterior trachea,
anterior esophageal wall and adipose tissue in-
between (Figs. 5 and 6). The common wall is more
frequently seen with MR than with CT. Contrast
enhanced T1-weighted images are superior to other
MR sequences (Fig. 6). In addition, its different
components can be most distinctly separated at the
esophageal verge with a gradual decline more infe-
riorly. Evaluation of the common wall of the trachea
and the esophagus is an essential step in the surgical
treatment planning process of patients with cancer
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Fig. 4 Axial contrast-enhanced CT images through the mid
(a) and lower cricoid cartilage (b) show the typically seen
variable size of the different surrounding fat planes. The left
surrounding fat plane is usually the largest (black arrows) and

Fig. 5 Axial contrast-enhanced CT image demonstrates the
normal appearance of the common wall of the trachea and
esophagus with a thin layer of fat (arrows) visualized between
the trachea anteriorly and the esophagus posteriorly

arising from the esophagus, trachea or adjacent
anatomical structures such as the thyroid gland.

3 Pathology

The hypopharynx and cervical esophagus are in the
vast majority involved by squamous cell malignancies
followed by infiltration by surrounding tumors such as

the posterior fat plane is the least appreciable (arrowheads). At
the esophageal verge (b), the surrounding fat planes are usually
more easily visible than at adjacent levels. White arrow =
right-sided surrounding fat plane

thyroid gland and bronchogenic carcinomas. Other
types of tumors are very rare.

3.1 Non-Squamous Cell Malignancies
Non-squamous cell malignancies of the hypopharynx
and cervical esophagus are extremely rare and include
various sarcomas, lymphomas and malignant minor
salivary gland tumors (Becker 1998; Matsuki et al.
1999; De Campora et al. 1987; Tom et al. 1981;
Miyazaki et al. 2004; Mouret 1999; Artico et al. 2004;
Kitamoto 2003). These tend to grow submucosally
and hence are more difficult to see and to biopsy
(Becker et al. 2008).

Lipo- and synovial sarcomas are the most com-
monly reported types of sarcomas involving the
hypopharynx and cervical esophagus (Mouret 1999;
Artico et al. 2004). Hypopharyngeal liposarcoma
most commonly involves older males. Patients typi-
cally present with local symptoms and rarely with
nodal or distant metastasis. The prognosis does not
seem to be affected by the tumor size but rather the
grade of the tumor. Low grade liposarcomas are less
locally aggressive and rarely metastasize but still
show a high local recurrence rate. In contrast, high
grade tumors demonstrate a much more aggressive
growth pattern and metastasize frequently. The
imaging findings vary dependent upon the grade and
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Fig. 6 Axial non-enhanced T1 (a) and gradient echo
T2-weighted (b) images illustrate the dependency of visibility
of the thin layer of fat within the common wall of the trachea

Fig. 7 Axial contrast-enhanced CT image through the upper
thyroid cartilage level shows a large mass arising from the
lateral wall of the pyriform sinus on the left (arrowhead) with
gross extension into the lateral compartment of the neck. This
mass has heterogeneous density with solid (asterisks) and cystic
(arrows) portions that is characteristic for synovial sarcoma but
not typically seen with squamous cell carcinoma

differentiation of the tumor, with well-differentiated
low grade tumors almost resembling benign lipomas,
while high grade undifferentiated tumors may be
indistinguishable to squamous cell malignancies.
Synovial hypopharyngeal sarcoma is most likely
the second most common sarcoma type involving the

and esophagus (arrows) with this fat plane more completely
visible on the gradient exho T2 image (arrows in b)

hypopharynx. Only 3% of the synovial sarcomas
involve the head and neck region with the hypoph-
yarynx being most commonly involved (Rangheard
et al. 2001). Typically, they affect young adults and
adolescents. Although synovial sarcomas are often
seen adjacent to joints they do not originate from
synovial tissue but rather from pluripotential mesen-
chymal cells located near articular surfaces, tendons,
tendon sheaths, juxta-articular membranes and facial
aponeuroses. They are characterized by a reciprocal
translocation between chromosomes X and 18 and are
divided into a monophasic and biphasic form (Artico
et al. 2004; Rangheard et al. 2001). The monophasic
form is more common and is constituted of one cell
type (epithelial or spindle cells), whereas the biphasic
form is very rare and is composed of epithelial and
spindle cells. As liposarcomas, they usually present
with local symptoms and rarely with nodal or distant
metastatic disease. On cross-sectional imaging
studies, synovial sarcomas classically display a well-
defined, multilocular mass with heterogeneous
enhancement (Fig. 7) (Quint et al. 1985). No signifi-
cant imaging differences have been reported between
the mono- and biphasic form. The tumor size primarily
influences patient’s prognosis. Presence of calcifica-
tions is also a favorable prognostic factor (Hirsch
et al. 1997; Bukachevsky et al. 1992; Mamelle et al.
1986). Wide excision with postoperative radiation
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therapy is currently considered the optimal treatment of
the different sarcoma types.

Lymphoma involving the hypopharynx and cervi-
cal esophagus is extremely rare (Miyazaki et al. 2004;
Kitamoto et al. 2003). Mucosa-associated lymphoid
tissue (MALT) lymphoma—a non-Hodgkin’s
lymphoma—is the most commonly reported subtype
of lymphoma in those regions. None of the published
case reports refers to cross-sectional imaging findings;
however, the reported cases describe a smooth-
surfaced, submucosal mass rather than a mucosal
lesion as suggested by its name (Miyazaki et al. 2004;
Kitamoto et al. 2003). MALT lymphoma of other
regions have been described to show increased signal
intensity on the T2, decreased attenuation on the T1
weighted images and strong, rapid enhancement fol-
lowing intravenous contrast administration (Takahara
et al. 2005; Espinosa et al. 2005). Therefore, MALT
lymphoma should be considered in the differential
diagnosis if such MR imaging findings are seen in a
patient with a submucosal lesion of the hypopharynx
and/or cervical esophagus.

Salivary gland malignancies are also rare in the
hypophaynx and cervical esophagus. Mucoepider-
moid and adenoid cystic carcinomas are the most
commonly reported subtypes (Matsuki et al. 1999;
De Campora et al. 1987). Adenoid cystic tumors typi-
cally arise in salivary gland tissue and minor salivary
glands; however, some authors also suggested their
origin in common mucosal glands. When arising in
common mucosal glands, as this would be the case in
the hypopharynx and cervical esophagus, adenoid
cystic carcinomas have been shown particularly
malignant, with high incidence of local recurrence and
distant metastatic disease. The cross-sectional imaging
findings of adenoid cystic carcinoma arising from the
salivary gland tissue or minor salivary glands have been
reported; however, it is uncertain whether the more
aggressive subtype of adenoid cystic carcinoma arising
from the common mucosal glands follows the same
imaging characteristics. Mucoepidermoid carcinoma is
composed of signet-ring and squamous cells. None
of the published cases mentions the cross-sectional
imaging findings of mucoepidermoid carcinoma of the
hypopharynx and/or cervical esophagus, however, as
these tumors range between low and high grade
malignancies their imaging features would be expected
to range from a well-defined lesion to an aggres-
sive, locally advanced malignancy. Their prognosis

is also variable and certainly depends upon the
grade of the tumor, however, there seems to be
also a difference in location with a reported overall
5-year survival rate of 77% for the mucoepidermoid
carcinoma of the hypopharynx and 0% 2-year
survival rate from the esophagus (Matsuki et al.
1999; Damiani et al. 1981).

3.2 Squamous Cell Malignancies

3.2.1 Risk Factors

Chronic tobacco and alcohol abuse represent the main
risk factors. Therefore, older males are most com-
monly involved by this type of tumor with slowly
increasing incidence in females as tobacco use in
females is still on the rise. Postcricoid area cancers
though represent an exception; they occur most
commonly in females and are associated with
Plummer—Vinson syndrome, which is rarely seen in
the United States or continental Europe but more
often encountered in the United Kingdom (Zbiren
and Egger 1997). Postcricoid region hypopharyngeal
tumors are hypothesized to be caused by food stasis
resulting from hypopharyngeal or esophageal webs as
seen with Plummer—Vinson syndrome. In addition,
these patients also present with iron deficiency
anemia.

The incidence of human papilloma virus (HPV) in
hypopharyngeal and cervical esophageal cancer is
markedly lower than for oropharyngeal cancer with a
reported odd ratio of 15 versus 179, respectively
(Ribeiro et al. 2011).

3.2.2 Clinical Presentation

Most commonly, patients with hypopharyngeal and/or
cervical esophageal cancer present with a neck mass,
secondary to metastatic nodal involvement and/or
dysphagia, odynophagia, globus sensation and/or
otalgia. Weight loss and a characteristic change in
voice to “hot potato” voice can also be seen.
Typically, these cancers present at an advanced stage;
they also have a high tendency to metastasize to the
draining nodal chains early on. Therefore, it is not
surprising that up to 75% of patients have nodal
metastatic disease at presentation. In addition,
elective dissections in patients with clinically NO
neck have shown a high incidence of occult nodal
metastasis with a frequency of 30%. Up to 40% of
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Fig. 8 Axial contrast-enhanced CT image at the hypopharynx
level (a) reveals a small mass (M in a) between the arytenoids
cartilages (arrowheads in a) that partially infiltrates the
anterior submucosal fat plane (arrows in a). Slightly more
inferiorly, the axial contrast-enhanced CT image (b) shows
restoration of the submucosal fat plane (arrows in b) suggesting
that the tumor is localized to the interarytenoid region (M in a).
Closer evaluation, however, discovers a large erosion
(arrowheads in b) of the cricoid cartilage posteriorly. Since
this is symmetric in distribution, it can be mistaken for

patients also have distant metastasis at the time of
presentation (Million 1994; Kraus et al. 1997; Spector
et al. 2001).

3.2.3 Growth Pattern

Hypopharyngeal malignancies like to spread in sub-
mucosal fashion that is often undetectable on clinical
and/or endoscopic examination (Million 1994; Saleh
et al. 1993). Nevertheless, the different subtypes of
hypopharyngeal malignancies show distinct grows
patterns, as described below.

Postcricoid region cancers like to invade the pos-
terior aspect of the larynx causing vocal cord paral-
ysis and hoarseness. The cricoarytenoid joint itself is
usually not involved (Fig. 8). In addition, these
tumors have a high propensity to grow posterior—
lateral to involve the pyriform sinuses (100%) and
inferiorly to involve the trachea (71%) and/or cervical
esophagus (71%) (Fig. 8) (Aspestrand et al. 1990).

asymmetric ossification of the cricoid cartilage. The fused
PET-CT image in sagittal plane (c) reveals even further
inferior extent of the mass (M in ¢) with involvement of the
common wall (arrowheads in ¢ and d) between the trachea
(T in ¢ and d) and esophagus (£ in ¢ and d) down to the
thoracic inlet level as confirmed on the axial fused PET-CT
image (d). Axial fused PET-CT image (e) through the upper
lungs detects an abnormal group VI lymph node (arrow in
e) on the right, the expected lymphatic drainage pathway for
postcricoid cancers

Tracheal or esophageal invasion is not detectable by
endoscopic evaluation in half of the patients.

The growth pattern of pyriform sinus cancers
depends on their site of origin or involvement.
Tumors arising from or infiltrating the lateral wall of
the pyriform sinus like to invade the posterior aspect
of the thyroid cartilage, extend into the soft tissues of
the lateral compartment of the neck and the para-
glottic space of the true vocal cord (Fig. 9) (Zbidren
and Egger 1997). Direct infiltration of the intrinsic
laryngeal muscles is rarely seen. In contrast, tumors
arising from or infiltrating the medial wall of the
pyriform sinuses show early laryngeal invasion and
vocal cord fixation in 60% of the patients (Figs. 10
and 11) (Becker 1998; Zbidren and Egger 1997,
Nowak et al. 1999). They also have a high propensity
for contralateral tumor extension with 87%, higher
frequency of submucosal tumor spread than the other
tumor subtypes with 56% and perineural tumor
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Fig. 9 Axial contrast-enhanced CT image through the mid
thyroid cartilage level shows a large squamous cell carcinoma
arising from the pyriform sinus on the right (arrowheads) with
huge extension into the lateral compartment of the neck
(arrows) causing marked flattening and lateral displacement of
the sternocleidomastoid muscle (asterisks on right) when
compared to its normal appearance on the left (asterisks on
left). In addition, this mass results in complete occlusion of the
internal jugular vein on the right when compared to the left side
(ij on left). The common carotid artery (c) is also surrounded by
the mass on the right (c on right) when compared to its normal
appearance on the left (¢ on leff). Please note also the
submucosal involvement of the false vocal cord on the right (o)

Fig. 10 Axial contrast-enhanced CT image through the false
vocal cord level shows submucosal extension of the right
pyriform sinus tumor (asterisks) into the right false vocal cord
(arrows) that is seen as obliteration of the paraglottic fat
plane when compared to the normal appearance on the left
(arrowheads). This portion of the tumor was not appreciable on
endoscopic examination

Fig. 11 Axial contrast-enhanced CT image through the true
vocal cord level demonstrates a large pyriform sinus cancer on
the left (asterisks) that is extending in submucosal fashion into
the left true vocal cord (white arrows). The extension into the
true vocal cord is slightly higher in density than the normal
vocal cord tissues; also slight widening of the distance between
the arytenoid and thyroid cartilage (black arrow), the disorga-
nization of the intrinsic vocal cord musculature and the
obliteration of the paraglottic fat plane provide additional clues
to the glottic extent of the primary tumor. Note that the normal
paraglottic fat plane (arrowheads on right) at the true vocal
cord level are significantly more difficult to delineate than at the
false vocal cord level (compare with Fig. 9)

invasion in almost 45% of patients (Figs. 10 and 11)
(Zbiéren and Egger 1997).

Posterior hypopharyngeal wall cancers like to
grow in craniocaudal direction with potential exten-
sion from the nasopharynx all the way to the esoph-
agus (Nowak et al. 1999). As the craniocaudal
extension of these tumors may solely be superficial,
the full extent of the tumor may not be detectable on
cross-sectional examination; therefore correlation
with clinical findings is critical for staging and
treatment planning purposes. Rarely, these tumors
cause infiltration of the prevertebral fascia or mus-
culature at the time of presentation. Even when
there is obliteration of the prevertebral fat planes on
CT and/or MR studies, the diagnosis of prevertebral
fascia or muscle invasion cannot be made as the
accuracy of CT in predicting prevertebral musculature
involvement has been reported to be low with 55%
(Righi et al. 1996). Therefore, surgical exploration
has to be done for definitive diagnosis. In contrast,
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Fig. 12 Axial non-enhanced TI1- (a) and contrast-enhanced
T1- (b) weighted images through the upper esophagus show
lack of patent esophageal lumen caused by an esophageal
cancer that is difficult to appreciate on the non-enhanced T1-
weighted image (a). The contrast-enhanced T1-weighted image

preservation of the prevertebral fat planes is helpful as
the negative predicative value for prevertebral mus-
culature involvement is high with 82% (Righi et al.
1996). When the tumor breaks through the pharyngeal
constrictor muscle, it can spread freely and unsus-
pected by clinical examination along the facial planes
to reach the skull base superiorly and the upper
mediastinum inferiorly.

Cervical esophageal tumors like to infiltrate adja-
cent anatomical structures, such as the trachea, TE
groove housing the recurrent laryngeal nerve, and
adjacent vasculature (Figs. 12 and 13). In addition,
they incline to spread in a submucosal fashion to
involve the hypopharynx (Fig. 13).

The exact assessment of the craniocaudal exten-
sion of hypopharyngeal tumors into the cervical
esophagus and vice versa is crucial for planning of
surgical resection (limited vs. extensive resection)
(Fig. 13). Since hypopharyngeal tumors can spread in
a superficial or submucosal pattern, a combination of
clinical examination and cross-sectional study should
be used in the treatment planning process.

3.2.4 Nodal Chain Involvement
The different hypopharyngeal tumor subtypes and the
cervical esophagus have slightly different lymphatic

clearly shows gross involvement of the common wall of the
trachea and esophagus (arrowheads) that enhances in compar-
ison to the non-enhancing normal tracheal wall (arrows); this
provides a critical clue to the correct diagnosis

drainage pathways: the postcricoid area tumors
primarily drain into groups III, IV and VI lymph
nodes (Fig. 8); the pyriform sinus tumors tend to
metastasize into groups II, III and V lymph nodes; and
the posterior hypopharyngeal wall cancers like to
involve the retropharyngeal lymph nodes and sec-
ondarily the internal jugular chain lymph nodes.
Retropharyngeal lymph nodes are only rarely
involved with the other hypopharyngeal cancer sub-
types and are seen in 15% of patients, however, only
when there is concomitant involvement of the lateral
nodal chain groups (Million 1994). Cervical esopha-
geal cancer drains into group VI and mediastinal
lymph nodes. The group VI lymph nodes are involved
in 71% of patients at presentation (Weber et al. 1993).

3.2.5 Detection of Distant Metastasis

The incidence of distant metastasis has been reported
to be up to 40% at the time of presentation with
delayed metastatic disease seen in 18% (Million
1994; Kraus et al. 1997; Spector et al. 2001). The risk
of distant metastases is dependent upon tumor stage
with T4 tumors and advanced regional nodal disease
carrying the highest risk. Lungs, followed by liver and
bones are the most commonly affected. FDG PET
imaging has shown to have 1.5 times higher rate of
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Fig. 13 Axial contrast-enhanced CT images through the
cervical esophagus (a), esophageal verge (b) and postcricoid
level (¢) show marked wall thickening of the upper esophagus
caused by a large esophageal cancer with clear signs of tumor
growth beyond the serosal layer, delineated as indistinct
appearance of the outer esophageal margin (arrowhead in a),
“dirty” appearance of the paraesophageal fat on right (white
arrow) and gross extension into the TE groove on the right
(black arrows in a). Superiorly, the tumor is involving the

detection of metastatic foci than CT alone at a price of
slightly lower specificity (Ng et al. 2008). Therefore,
the utilization of both imaging tools in combination
(PET-CT) yields the best results and has been
reported to change the treatment in 13% of patients.

3.2.6 TNM Classification

The staging system of the primary hypopharynx and
cervical esophageal cancers and associated nodal
metastatic disease is outlined in Tables 1 and 2,
respectively (American joint committee on cancer
2010). The recommended staging of cervical esoph-
ageal lesions is identical to that of the intrathoracic
esophagus.

3.3 Secondary Involvement by Other

Tumors

Infiltration of the hypopharynx and cervical esopha-
gus by surrounding tumors is rare. It may occur with
advanced head and neck tumors as well as thyroid, tra-
cheal and bronchogenic carcinomas (Roychowdhury
et al. 2000). MR is more sensitive than CT for
detection of hypopharyngeal and/or esophageal
invasion by an adjacent malignancy due to its higher
soft tissue definition. Focal areas of increased T2
signal intensity raise the suspicion for invasion

esophageal verge which is slightly larger in anterior posterior
diameter (between arrowheads in b) than typically seen.
In addition, there is partial obscuration of the left-sided
surrounding fat plane (arrow in b) consistent with extra-
esophageal tumor growth, providing additional clue for
involvement of the esophageal verge. The tumor continues
superiorly to involve the postcricoid region on the left (arrows
in ¢) when compared to the normal appearance on the right
(arrowhead in c¢)

(Fig. 14). Focal enhancement following contrast
administration might also be a sign of infiltration;
however, it is not as specific as the T2 changes
(Fig. 14). Circumferential mass at the level of the
cervical esophagus has been reported to be the most
sensitive and specific sign of invasion (accuracy,
100%). In contrast, intact adjacent fat planes, absence
of wall thickening and normal T2 wall signal intensity
indicate no invasion with a very high degree of con-
fidence (Roychowdhury et al. 2000).

4 Cross-Sectional Imaging

Cross-sectional imaging with CT and MR is critical in
the evaluation of patients with hypopharyngeal and/or
cervical esophagus malignancies (Wenig et al. 1995;
Becker 1998; Aspestrand et al. 1990; Nowak et al.
1999; Prehn et al. 1998; Thabet et al. 1996). Overall, it
has been shown that the clinical tumor stage increases
in up to 90% of patients with cross-sectional imaging.
Changes in T-stage account for two-thirds of the tumor
up-staging due to detection of lateral soft tissue
involvement in 88%, and bone or cartilage invasion in
23% of patients. In one-third of the patients the N-stage
was responsible for the tumor up-staging. Comparison
of the accuracy of tumor staging with pathological
findings revealed that the clinical examination is less
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Table 1 Staging of primary tumors of the hypopharynx

Primary tumor

Tis Carcinoma in situ

Tl Tumor limited to one subsite of hypopharynx and/or <2 cm in greatest dimension

T2 Tumor invades more than one subsite of hypopharynx or an adjacent site, or measures >2 cm but <4 cm in greatest
diameter without fixation of hemilarynx or extension into the esophagus

T3 Tumor >4 c¢m in greatest dimension or with fixation of the hemilarynx or extension into esophagus

T4

T4a  Moderate advanced local disease: Tumor invades thyroid/cricoid cartilage, hyoid bone, thyroid gland or central
compartment soft tissues (=prelaryngeal strap muscles and subcutaneous fat)

T4b  Very advanced local disease: Tumor invades prevertebral fascia, encases carotid artery or involves mediastinal
structures

Regional lymph nodes

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single lymph node, <3 cm in greatest dimension
N2

N2a  Metastasis in a single ipsilateral lymph node >3 cm but <6 cm in greatest dimension

N2b  Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension

N2c¢  Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension
N3 Metastasis in a lymph node >6 cm in greatest dimension

Note: Metastases at the level VII are considered regional lymph node metastasis.

Source Adapted from American joint committee on cancer (2010)

Table 2 Staging of primary tumors of the cervical esophagus

Primary tumor

Tis High-grade dysplasia
T1 Tumor invades the lamina propria, muscularis mucosae or submucosa
Tla Tumor invades lamina propria or muscularis mucosae
Tlb Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, pericardium or diaphragm
T4b Unresectable tumor invading other adjacent structures, such as aorta, vertebral body, trachea

Regional lymph nodes

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in 1-2 regional lymph nodes
N2 Metastasis in 3—6 regional lymph nodes
N3 Metastasis in >7 regional lymph nodes

Source Adapted from reference American joint committee on cancer (2010)
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Fig. 14 Axial non-contrasted T1- (a), contrast-enhanced T1-
(b) and T2- (c) weighted images show a large mass arising from
the left thyroid lobe (). This mass is invading the left
hypopharynx which is not well seen on the non-contrasted
T1-weighted image (a) as there is no significant infiltration of
the submucosal fat planes on the left when compared to their
normal appearance on the right (arrows in a). The enhanced
T1- (b) and the T2- (c) weighted images clearly show the
invasion by the thyroid cancer as the muscular layers are
obscured by an enhancing or hyperintense lesion, respectively,
when compared to the normal appearance of the hypopharyn-
geal musculature on the right (arrowheads in b and c).
t = normal right lobe of the thyroid gland

accurate with 58% than CT and MR imaging with 80
and 85% accuracy, respectively. These facts empha-
size the essential role of cross-sectional imaging in
staging of hypopharyngeal and esophageal cancers.
Interestingly, none of the other cancers of the head and
neck region shows such a significant impact of cross-
sectional imaging upon staging.

CT and MR imaging is, however, only helpful
when performed with an appropriate protocol cover-
ing the potential sites of tumor spread, utilizing the
appropriate imaging study, sequence and window
display. Although each radiologist has personal
preferences and there are vendor-related variations in
hardware and software, the subsequent generic
imaging guidelines should be followed:

1. Image the patient in supine position with the neck
slightly extended to elongate the airway. Use
dedicated neck coil for MR imaging to improve
the spatial resolution and signal to noise ratio.

2. Perform images in axial plane from the body of
the mandible to the thoracic inlet. Obtain MRI
images parallel to the true vocal cords and review
the volumetrically acquired CT images in the
same plane. Increase the upper extent to the skull
base if posterior pharyngeal wall cancer is
suspected to capture the entire possible extent of
the tumor and to include all retropharyngeal
lymph nodes.

3. Utilize a slice thickness of <3 mm for CT and
contiguous 3 mm images for MR imaging for
adequate display of the pertinent anatomical
structures. Utilize the multi-planar reformations
capabilities of the volumetric CT acquisition to
review images in different planes.

4. Use a field-of-view of <16 cm through the neck.
Additional reconstructions of the CT images
through the hypopharynx with a field-of-view of
10 cm are recommended to increase spatial res-
olution. Magnification of the images performed
with the larger field-of-view is not sufficient as
the special resolution will stay the same.

5. Use image matrix of at least 256 x 256 for
MR and 512 x 512 for CT for optimal spatial
resolution.

6. Inject intravenous contrast for better tumor bor-
der delineation and detection of nodal metastatic
foci. Scan in the capillary phase as tumor might
not significantly enhance when scanned too early,
e.g. during the arterial phase.
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Fig. 15 Axial contrast-enhanced CT image performed during
valsalva maneuver reveals a tiny mass along the posterior
pharyngeal wall (arrows) on the right side that would have been
difficult to detect with collapsed pyriform sinus as typically
seen during quiet breathing

7. MRI: A minimum of noncontrasted and con-
trast T1-weighted images and fast spin-echo
T2-weighted images should be performed to
emphasize soft tissue detail. Other sequences may
be included to better evaluate certain structures
such as the intramural fat planes (see Sect. 2.2).

8. CT: Reconstruction of the images through the
laryngeal cartilages in bone algorithm is helpful for
detection of cartilage destruction and/or sclerosis.

9. Utilize the multi-planar capabilities of both
imaging modalities to facilitate the assessment of
craniocaudal tumor extension.

10. Consider scanning of patient during modified
vasalva maneuver when small tumor is suspected
to open the piriform sinuses (Fig. 15) (see also
“Imaging Techniques”).

5 Radiologist’s Role

5.1 Pretreatment

The radiologist’s pretreatment role is multifold:
detection of the subsite of origin of the primary
tumor, delineation of the extent of the primary tumor,

assessment of the nodal status and detection of a
second primary cancer. When the full extent of the
primary tumor is assessed and reported, the following
pertinent issues have to be emphasized as they may
influence the T staging of the tumor.

5.1.1 Submucosal Spread

As mentioned before, hypopharyngeal and/or
esophageal cancers like to grow in a submucosal
fashion and, therefore, remain undetectable in a sig-
nificant number of patients on clinical and endoscopic
examination (Figs. 10 and 11) (Saleh et al. 1993).
Occasionally, the entire tumor is submucosal in
location and difficult or impossible to biopsy endo-
scopically. In such cases, the radiologist may offer
percutaneous biopsy under CT guidance.

5.1.2 Cartilage Involvement

Cartilage involvement may be studied with CT and
MR. Both modalities struggle with the problem of
lack of ossification of the different cartilages in the
younger patient and heterogeneous as well as variable
ossification with advanced age (Yeager et al. 1982).
This is particularly true for the thyroid cartilage.
Since the different cartilages tend to ossify in a
symmetric fashion, asymmetric attenuation might be
a helpful hint for presence of cartilage invasion and
needs to be included in the pretreatment assessment of
CT and/or MR studies (Fatterpekar et al. 2004).

The role of CT and MR in detection of cartilage
involvement has been studied extensively in the past
decades and has shown that non-removal of an
involved cartilage carries a risk of 50-60% of leaving
tumor behind. The overall consensus is that MR is
the most sensitive imaging modality in detection of
cartilage involvement; however, it suffers from low
specificity as inflammation, edema and sclerosis can
show similar MR findings as tumor invasion (Wenig
et al. 1995; Becker 1998; Becker et al. 1995;
Castelijns et al. 1988; Zbiren et al. 1996). For CT, the
reported sensitivity is lower but the overall specificity
is higher than for MR (Becker et al. 1997). Therefore,
a combination of both studies might be the most
effective strategy in the evaluation process of carti-
lage invasion by cancer (Yousem and Tufano 2002).
In addition, the specificity of both imaging modalities
depends upon the cartilage type. The thyroid cartilage
has the lowest specificity due to its variable ossifica-
tion and the arytenoid cartilage has the highest.
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Fig. 16 Axial contrast-enhanced CT images displayed in soft
tissue (a) and bone (b) windows show a large pyriform sinus
mass on the left (7) that is causing subtle sclerosis of the left
cricoid cartilage (white arrow in a and b). The T2 weighted
(c) image at the same level confirms the sclerosis as the
normally seen high signal intensity of the cricoid cartilage
(arrowhead in c¢) is replaced by dark signal intensity on the left

Fig. 17 Axial contrast-enhanced CT images displayed in soft
tissue (a) and bone (b) windows show severe foreshortening of
the posterior thyroid cartilage caused by extensive pyriform
sinus cancer (7) involvement on the right, when compared to its
normal length on the left (arrow)

(arrow in ¢). In addition, this mass partially obliterates the left
lateral surrounding fat plane (white arrowheads on left in
a) when compared to its normal appearance on the right (white
arrowhead on right in a). There is also obliteration of the
normally seen fat plane around the common carotid artery
(c) on the left when compared to its normal appearance on the
right (black arrowheads in a)

Therefore, the diagnosis of thyroid -cartilage
involvement by tumor should only be made with
caution with both imaging modalities.

Cartilage involvement can manifest as cartilage
sclerosis (Fig. 16), cortical erosions or lysis (Fig. 17)
and bone marrow replacement (Fig. 18). Cartilage
sclerosis is discernible as increased density on CT and
decreased attenuation on all MR sequences with lack
of enhancement following contrast administration
(Fig. 16). It has been shown to be the most sensitive
criterion for cartilage invasion; however, it often
corresponds to “benign” reactive inflammation sec-
ondary to the adjacent tumor or occasionally to a
normal anatomical variation as reported for the ary-
tenoid cartilage (Schmalfuss et al. 2000; Becker et al.
1997; Munoz et al. 1993). Therefore, it is not sur-
prising that the positive predictive value of cartilage
sclerosis for tumor invasion has been reported to be
only about 50%. Cartilage erosion or lysis manifests
as serpiginous or gapping cartilage contour while
bone marrow replacement shows increased density on
CT and decreased signal intensity on TI1-weighted
images in relation to the uninvolved fatty replaced
bone marrow seen in older patients, with marked
enhancement following contrast administration
(Figs. 17 and 18). None of the criteria alone showed
sufficient sensitivity and specificity for cartilage
invasion and therefore, the highest degree of accuracy
could only be reached when combining sclerosis,
erosions or lysis and extralaryngeal tumor extension
together. Since not all of these criteria are present in
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Fig. 18 Axial contrast-enhanced CT image through the ary-
tenoid cartilage level demonstreates replacement of the nor-
mally seen fatty bone marrow (white arrow) by soft tissue
density (black arrow) caused by bone marrow replacement of
this portion of the thyroid cartilage by a pyriform sinus cancer
on the right (7). Note the abrupt cutoff of the submucosal fat
planes caused by the tumor on the right (white arrowhead)
when compared to their normal appearance on the left (black
arrowheads). The tumor also wraps around the posterior border
of the thyroid cartilage to involve the strap muscles (asterisks)

each patient simultaneously, a significant false nega-
tive rate would be expected. Nevertheless, cross-sec-
tional imaging is valuable as an excellent negative
predictor for cartilage invasion with reported high
negative predictive values of 92-100% (Becker 1998;
Castelijns et al. 1988; Becker et al. 1995; Zbiren
et al. 1996).

5.1.3 Tumor Volume

In the past decade, focus was placed on stratifying
patients in high- or low-risk groups to help in the
selection of the most optimal treatment plan based on
outcome measures. Besides cartilage invasion, tumor
volume and amount of disease at the pyriform sinus
apex have been identified to be critical prognostic
factors in patients with T1 and T2 stage pyriform
sinus cancer (Pameijer et al. 1998). A tumor volume
of 6.5 ml demarcated the threshold between favorable
and non-favorable to reach control at the primary site
with radiation therapy alone. Similar threshold crite-
ria were also detected in regard to pyriform sinus apex
involvement. A tumor diameter of <10 mm at the level
of the base of the arytenoid cartilage and upper 3 mm of
the cricoid cartilage (=“minimal apical disease”) has
been shown to have a favorable prognosis to reach
control at the primary site with radiation therapy alone,

in contrast to tumor diameter of >10 mm (=“bulky
apical disease”) (Pameijer et al. 1998). The results of
tumor volume and apical disease combined, classified
the patients into different risk groups with the following
criteria and local control rates if treated with radiation
therapy alone:

o Low-risk group. Tumor volume <6.5 ml and no or
minimal pyriform apex disease resulted in a control
rate of 94% (Fig. 19).

e Moderate risk group. Tumor volume of <6.5 ml
and bulky apical disease or tumor volume >6.5 ml
and no or minimal pyriform apex disease demon-
strated local control rates of 50% (Fig. 20).

e High-risk group. Tumor volume of >6.5 ml and
bulky apical disease yielded a survival rate of 0%
(Fig. 21).

Therefore, tumor volume and extent of disease at
the pyriform apex level should be included in the
radiological report for all T1 and T2 stage pyriform
sinus cancers. Thresholds for tumor volume and/or
extent of pyriform apex disease for other types of
hypopharyngeal and/or other T stages are still
unknown.

More recently, CT perfusion imaging has shown
promising results in predicting outcome in patients
with head and neck cancers with a 14 times higher risk
of recurrent tumor detected in patients with low per-
meability surface area product (<18 mL/min/100 g)
(Bisdas et al. 2009). Similar but less profound risk of
recurrence (sixfold) was seen with low maximal blood
flow values.

5.2 During Treatment

At present, the radiologist is only rarely involved
during the treatment phase of patients with hypo-
pharyngeal or cervical esophageal cancer, unless the
patient develops complications related to the therapy,
such as fistula and abscess formation or vascular
rupture requiring percutaneous intervention.

5.3 Posttreatment

As it is true for the pretreatment evaluation of patients
with hypopharyngeal or cervical esophageal cancer,
cross-sectional imaging plays a crucial role in the
detection of recurrent cancer. It has been reported that
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Fig. 19 Axial contrast-enhanced CT images through the false
(a) and true (b) vocal cord level reveals a pyriform sinus cancer
(arrows in a) of <6.5 ml with minimal involvement at the
pyriform sinus apex (arrowheads in b) that carries a favorable
prognosis to be controlled at the primary site with radiation

up to 40% of recurrent tumors are detected with cross-
sectional imaging prior to their discovery on clinical
examination (Hermans et al. 2000). This is on one side
due to the similarity of post-radiotherapy changes to
recurrent tumor on clinical examination and on the
other side due to potential submucosal location of
recurrent tumors. Therefore, the referring physicians
rely on imaging surveillance even more in patients with
hypopharyngeal or cervical esophageal cancer than in
patients with other head and neck tumor types. Since
the treatment options of patients with tumors of the

therapy alone as demonstrated on the matched posttreatment
images (c, d). Note the diffuse swelling of the false vocal cords
(c) as well as anterior and posterior commissure (arrows in
d) that represent the expected findings following radiation
therapy

hypopharynx and cervical esophagus vary from radi-
ation therapy alone to total laryngectomy in combi-
nation with various reconstructive techniques and/or
radiation therapy, the cross-sectional imaging findings
significantly vary from patient to patient (Kraus et al.
1994). Superimposed posttreatment complications,
such as abscess or fistula formation, may further
complicate this issue. Therefore, to allow easier and
faster detection of recurrent or persistent tumor, a CT
and/or MR imaging study 3 to 4 months after com-
pletion of the treatment is recommended in all patients.
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Fig. 20 Axial contrast-enhanced T- (a) and T2- (b) weighted
image at the entrance site of the pyriform sinus (a) and pyriform
sinus apex (b) levels shows a small pyriform sinus cancer (arrows
in a). The small volume is favorable for reaching control at the

Fig. 21 Axial contrast-enhanced CT images through the upper
thyroid (a) and mid cricoid (b) cartilage levels show a huge
pyriform sinus cancer on the left with bulky disease at the
pyriform sinus apex (arrows in b). Because of the size and the

primary site with radiation therapy alone. However, since there is
bulky apical involvement (arrows in b) the chance for the patient
to be cured with radiation therapy alone decreases to about 50%

bulky apical disease this patient has extremely poor chance to
be cured with radiation therapy alone, and therefore surgical
resection should be the preferred treatment choice
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Fig. 22 Sequential axial contrast-enhanced CT images
through the mid-neck in a patient after total laryngectomy
and total pharyngectomy, demonstrates a radial forearm flap
forming a neopharynx. The surgical clip at the external carotid

FDG PET-CT is another imaging tool to be consid-
ered; it is in particular useful in patients’ status post
reconstructive surgery and in patients with initially
advanced tumor stage.

5.3.1 Post Surgery

Knowledge of the type of surgery and familiarity of
expected postsurgical changes of the different types of
reconstructive techniques is critical in the assessment
of radiological post-treatment studies. A jejunal free
flap with microvascular anastomosis is the most
commonly used reconstructive method for patients
who require total pharyngectomy and show only
limited invasion of the cervical esophagus. Since the
jejunum is already a tube only two anastomotic
sutures are required during surgery. This decreases
the risk of post-operative stricture and fistula forma-
tion (Reece et al. 1995). In addition, it tolerates
post-surgical radiation therapy better than gastric or
colonic interposition (Uppaluri and Sunwoo 2005).
However, if the jejunal conduit is chosen too long, a
kink in the “neopharynx” may develop causing
dysphagia and stasis symptoms. Gastric pull-up is the
reconstruction method of choice in patients with
longer esophageal involvement. It has a low fre-
quency of fistula formation, but the patients often
complain of dumping and reflux symptoms. On cross-
sectional studies, the jejunal interposition has a thin
and regular wall while the gastric interposition shows
polypoid folds of redundant mucosa. Both conduits
should be surrounded by a “clean” fat plane. Colonic
interposition is currently the least favorable method of

artery vascular anastomosis (arrow in a) of the large vessel
(arrowheads in b and c) that comes with the free flap suggests
the nature of the reconstructive surgery

hypopharyngeal reconstruction as it is associated with
the highest rate of morbidity and mortality with 70
and 20%, respectively (Surkin et al. 1984). Therefore,
it is only rarely performed at present.

Pectoralis major myocutaneous and radial forearm
flaps may be used for subtotal hypopharyngeal defects
in which a posterior stripe of mucosa remains intact
(Uppaluri and Sunwoo 2005). The lack of pliability
and the bulky nature of the pectoralis flap make cir-
cumferential tubing difficult, especially in obese or
muscular patients (Schuller 1980). In contrast, the
radial forearm flap offers thin, flexible tissue that is
easy to form. It also has the tendency to remodel over
time allowing better swallowing function than with
other reconstructive surgeries including jejunal
interposition (Anthony et al. 1994). The radial fore-
arm flap is a well-vascularized free flap with a large-
caliber donor vessel and long vascular pedicle that is
connected as end-to-end or end-to-side anastomoses
to the external carotid artery or its branches, as also
done with the jejunal conduit (Fig. 22) (Uppaluri and
Sunwoo 2005). The vascular anastomosis might be
seen on contrast-enhanced CT images. In contrast,
the pectoralis major myocutaneous flap does not
require a vascular anastomosis as the myocutanous
flap does not represent a free flap but is formed by
rotation of the pectoralis major muscle superiorly
with subsequent transposition over the clavicle
through a widely undermined subcutaneous tunnel.
Typically, the pectoralis major muscle can therefore
be followed to the upper chest on cross-sectional
imaging (Fig. 23). If the type of reconstructive
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Fig. 23 Sequential axial contrast-enhanced CT images extend-
ing from the mid-neck to thoracic inlet demonstrate the
expected changes following total laryngectomy and partial
pharyngectomy with pectoralis major muscle reconstruction of
the neopharynx. At the mid-neck level, only fatty tissue (white
arrows in a) is seen anterior to the smoothly walled appearing
neopharynx (black arrows in a). More inferiorly, the muscular

Fig. 24 Axial contrast-enhanced CT images of a patient status
post total laryngectomy and partial pharyngectomy with
pectoralis major flap reformation; imaging was performed
immediately post surgery (a) and 3 months later (b); a large
recurrent tumor along the lateral margin of the surgical bed
(arrows in b) is seen 3 months after surgery. Note the changes

surgery is not known, this muscular connection might
provide a helpful hint.

After surgery, recurrent tumors typically occur at
the margins of the resection or within the deep tissues

component (white arrowheads in b) of the flap is appreciated
anteriorly while the fatty tissue component (white arrows in
b) is seen posteriorly, immediately anterior to the neopharynx
(black arrow in b). At the thoracic inlet level, a muscular
connection is seen anteromedial to the clavicle (white arrows
in ¢) where normally only fatty tissue is observed (arrowhead
in ¢)

in the contour of the fatty component of the pectoralis major
flap with convex appearance (arrowhead in b) on the follow-up
study and concave appearance on the immediate post surgical
examination (arrowhead in a). Sometimes this contour change
may be the only hint for recurrent disease

of the neck (Fig. 24). On cross-sectional images, the
appearance of the mucosa is not very helpful in
evaluating recurrent tumor because single or multiple
irregular-appearing folds are typically seen with
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Fig. 25 Axial contrast-enhanced CT images pre (a) and post
(b) radiation therapy for a large pyriform sinus cancer on the
right (arrows in a) show marked decrease of the tumor at the
pyriform sinus level with persistent mass in the right true vocal

Fig. 26 Axial contrast-enhanced CT image performed
3 months following completion of radiation therapy shows
asymmetric thickening of the mucosa in the upper pyriform
sinus on the right (arrows) when compared to the left that is
<1 cm in thickness. Since the pyriform sinus tumor did not
completely resolve, a 3- to 4-months follow-up CT study is
warranted to exclude persistent tumor; this appearance can also
be caused by asymmetric radiation therapy-induced mucositis
or non-viable tumor. Biopsy is only recommended if there is
also clinical suspicion for persistent tumor

cord (arrows in b) that is over 1 c¢m in largest diameter. Such an
appearance is strongly suspicious for persistent disease and the
patient should undergo biopsy and/or PET-CT examination

gastric pull-up and less commonly with jejunal
interposition. The evaluation of cross-sectional imag-
ing studies should therefore focus on regular thickness
and attenuation of the muscular wall and on smooth
outer border of the neopharyngeal wall (Becker 1998).
Close evaluation of the fat planes surrounding the
neopharynx is in particular essential as recurrent tumor
might become only visible by subtle obliteration of fat
planes. If however, the surgical reconstruction resulted
in distortion or partial obliteration of fat planes or if
baseline postsurgical imaging studies are not available
for comparison, early detectibility of recurrent
tumors becomes challenging. In such cases, an FDG
PET-CT examination may be very helpful (see also
“Positron Emission Tomography in Head and
Neck Cancer”).

5.3.2 Post Radiation Therapy
The post radiation therapy changes can be divided
into general, localized to the primary site and related
to the laryngeal cartilages. The general post radiation
therapy changes within the neck have been described
in detail by Mukherji et al. (1994a) (Fig. 19c and d).
In contrast, the work of Hermans et al. (2000)
focuses on changes at the primary tumor-specific
site as seen on the 3- to 4-months follow-up CT
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Fig. 27 Coronal PET image (a) of the neck demonstrates a
large hypopharyngeal mass (M in a) with bilateral metastatic
lymph nodes (arrows in a). The axial fused PET-CT image

examinations. Based on the response of the tumor and

the clinical outcome three groups of patients were

stratified:

1. Patients with complete resolution of the tumor and
symmetric-appearing soft tissue planes on the CT
examination at 3 to 4 months following completion
of radiation therapy showed an excellent clinical
outcome as none of the patients presented with
local recurrence over at least a 2-year follow-up
period (Fig. 19c and d). Therefore, this patient
group requires clinical follow-up and cross-
sectional imaging only if suspicion for recurrent
tumor is raised on the clinical examination.

2. Patients with tumor volume reduction of <50% or
a persistent mass of >1 cm in diameter have a high
likelihood of local failure (Fig. 25). Therefore, in
these patients further investigation with FDG
PET-CT examination or biopsy is warranted
(Hermans et al. 2000; Mukherji et al. 1994b).

3. Patients with a residual mass of <1 cm in diameter
and/or asymmetry of the soft tissue planes have an
intermediate prognosis and, therefore, cross-sec-
tional follow-up at 3- to 4-months’ intervals should
be performed if there is no clinical suspicion for
recurrent tumor (Fig. 26). Two consecutive stable
studies after the baseline study are consistent with
control at the primary site. An FDG PET-CT

(b) reveals a second mass (arrow in b) in the posterior left lung
that was biopsy proven to be lung cancer—a common
combination in patients with hypopharyngeal cancer

examination might be also beneficial in these

patients, however, it might be false negative if the

lesion is too small.

Hermans et al. (2000) also described post radiation
alterations of the cartilages and its significance for
recurrent disease in the same study. Based on their
results, cartilage alteration associated with a persis-
tent mass of >1 cm in diameter should be considered
as local failure and appropriate salvage surgery needs
to be considered. Cartilage alteration associated with
minimal soft tissue asymmetry requires close follow-
up as it can be related to recurrent tumor or
chondroradionecrosis.

Distinction of recurrent tumor from chondroradi-
onecrosis may pose a diagnostic challenge as the
clinical symptoms of both entities are similar,
endoscopy with biopsy yields a correct diagnosis only
in 43% of patients and CT and/or conventional MRI
techniques are hampered by expected post chemo-
and/or radiotherapy tissue alterations (Zbiren et al.
2008). Although the imaging findings of chondro-
radionecrosis (anterior dislodgement of the arytenoids
cartilage, cartilage fragmentation and collapse, gas
bubbles around the involved cartilage) are well
established, these represent rather late changes of the
disease process (Hermans et al. 1998). The issue is
even more complicated as early on just soft tissue
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fullness might be present mimicking recurrent tumor,
and as chondroradionecrosis might co-exist with
recurrent tumor. In such cases, the utilization of FDG
PET-CT imaging is only helpful if no abnormal FDG
uptake is found. In such a scenario no recurrent tumor
was found by Terhaard et al. (2001) with a high
negative predictive value of 89%. In contrast, a
positive FDG PET-CT examination is inconclusive as
inflammatory changes associated with chondroradi-
onecrosis may show similar FDG uptake as recurrent
tumor. In such cases, diffusion weighted imaging
might be beneficial as the signal intensity of inflam-
matory tissue is reduced on high b-value images in
contrast to increased signal intensity seen with
recurrent tumor (Vandecaveye et al. 2006; Zbédren
et al. 2008).

5.4 Detection of Second Primary

Tumors

The radiologist is required to search for a second
primary in patients with hypopharyngeal or cervical
esophagus cancer as these patients have a higher
incidence of a second primary (15%) than the
remainder of head and neck malignancies (Million
1994). Interestingly, in only 25% of patients a second
primary is found at the time of the diagnosis of the
hypopharyngeal or cervical esophageal cancer (syn-
chronous lesions) while the majority is discovered on
follow-up studies (metachronous lesion) with a
reported rate of occurrence of 4% per year (Chu et al.
2010). Therefore, search for a second primary has to
be conducted on every study performed in patients
with history of hypopharyngeal or cervical esopha-
geal cancer. Lung and esophageal cancers are the
most commonly detected second primary tumors
outside of the head and neck area (Fig. 27).
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Abstract

This chapter deals with benign and malignant
neoplasms of the oral cavity. It starts with an
overview of the relevant anatomy of the floor of the
mouth, the tongue, the lips and gingivobuccal
regions, the hard palate,and the region of the
retromolar trigone. Moreover, the preferred imaging
modalities are briefly discussed. The section
“Pathology” contains all relevant benign lesions
like congenital lesions (such as vascular malforma-
tion, dermoid cyst, and lingual thyroid), inflamma-
tory conditions (such as phlegmon, abscess, and
ranula), and benign neoplasms (such as pleomorphic
adenoma, lipoma, rhabdomyoma, hemangioma,
schwannoma, and others). More thoroughly, malig-
nant neoplasms (such as squamous cell cancer,
adenoid cystic cancer, mucoepidermoid carcinoma)
and their predominant anatomic sites are presented
with state-of-the-art illustrations. The chapter ends
with a section on recurrent cancer.

1 Anatomy

Predominantly, oral cavity lesions are -clinically
apparent. Except for important information on the
differential diagnosis, cross-sectional imaging pro-
vides the clinician with the crucial pretherapeutic
information on deep tumor infiltration. In this regard,
the clinician exactly needs to know which anatomic
structures (Figs. 1, 2, 3, 4, 5 and 6) are involved
(Ferner and Staubesand 1982).

The oral cavity is the most anterior part of the
aerodigestive tract. Its borders are the lips ventrally,

R. Hermans (ed.), Head and Neck Cancer Imaging, Medical Radiology. Diagnostic Imaging, 123
DOI: 10.1007/174_2011_375, © Springer-Verlag Berlin Heidelberg 2012
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Fig. 1 Axial CT (a) and MRI
(b) of the floor of the mouth.
1 geniohyoid muscle,

2 mylohyoid muscle,

3 fatty lingual septum,

4 submandibular gland,

5 base of the tongue,

6 mandible, 7 hyoglossus
muscle, arrows: sublingual
(fat) space with lingual
artery and vein

Fig. 2 Axial CT (a) and MRI
(b) at the level of the tongue.
1 tongue with fatty lingual
septum, 2 (lower) lip,

3 palatopharyngeal muscles
and palatopharyngeal arch,

4 intrinsic lingual muscles
fibers, 5 parapharyngeal fat
space, 6 medial pterygoid
muscle, 7 masseter muscle,

8 mandible

Fig. 3 Axial CT (a) and MRI
(b) at the level of the maxilla.
1 maxilla, 2 mandible,

3 lateral pterygoid muscle,

4 soft palate, 5 tongue,

6 parapharyngeal fat space,

7 masseter muscle,

8 buccinator muscle, 9 area
of the retromolar trigone
(with bony pterygoid process
on CT), arrows: (Stensen’s)
parotid duct

the mylohyoid muscle caudally, the gingivobuccal
regions laterally, the circumvallate papillae and the
anterior tonsillar pillar dorsally, and the hard palate
cranially. The center of the oral cavity is filled out by

the tongue.

1.1 The Floor of the Mouth

The floor of the mouth is considered the space
between the mylohyoid muscle and the caudal
mucosa of the oral cavity. The mylohyoid muscle has
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Fig. 4 Coronal CT (a) and MRI (b) at more anterior aspects
of the oral cavity. / mandible, 2 (maxillary) hard palate with a
tiny nerval canal, 3 mylohyoid muscle, 4 anterior belly of

Fig. 5 Coronal CT (a) and MRI (b) at more posterior aspects of
the oral cavity. / mandible, 2 mylohyoid muscle, 3 hyoglossus
muscle, 4 sublingual fat space (with lingual artery and vein), 5

the form of a hammock which is attached to the
mandible ventrally and laterally on both sides but
with a free dorsal margin. Coronal planes nicely
demonstrate the anatomy of the mylohyoid as well as
the geniohyoid muscles (Figs. 4 and 5). The genio-
hyoid muscles are paired sagittally orientated slender
muscles on the superior surface of the mylohyoid
muscle. In the median, they arise from the inner
surface of the mandible and pass dorsally to insert

digastric muscle, 5 geniohyoid muscle, 6 genioglossus muscle,
7 intrinsic lingual muscles, 8§ submandibular fat space, arrows:
sublingual fat space with lingual artery and vein

soft (on CT) and hard (on MRI) palate, 6 submandibular fat
space, 7 medial pterygoid process, § lateral pterygoid process,
arrow: fatty lingual septum

onto the anterior surface of the hyoid bone. Above
these muscular landmarks is the primarily fat-filled
bilateral sublingual space. It comprises the following
important paired structures: the sublingual gland, the
hyoglossus muscle, the lingual artery, vein, and nerve,
Wharton’s (submandibular) duct, and dorsally the tip
of the submandibular gland as it surrounds the dorsal
margin of the mylohyoid muscle. Anatomically
noteworthy is that in the sagittal plane the hyoglossus
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Fig. 6 Anatomic views of the trigeminal nerve (from Bergman
and Afifi 2002, with permission) (a) a Greater wing of the
sphenoid bone, b Zygomatic bone, ¢ Maxilla, d Mandible,
e Petrous part of temporal bone, f Mastoid process, g Tongue,
h Submandibular gland, i Sublingual gland, k Medial pterygoid
muscle, [ Lateral pterygoid muscle, m Genioglossus muscle,
n Hyoglossus muscle. / internal carotid artery, 2 trigeminal
nerve, 3 trigeminal ganglion, 4 trigeminal nerve (V/1, ophthal-
mic division), 5 trigeminal nerve (V/2, maxillary division), 6
trigeminal nerve (V/3, mandibular division), 7 facial nerve, 8
great superficial petrosal nerve, 9 inferior alveolar nerve, 10
mental nerve, /1 mylohyoid nerve, /2 anterior auricular nerve
(with middle meningeal artery), /3 lingual nerve, /4 sub-
mandibular ganglion, /5 deep temporal nerve, /6 buccinator
nerve, /7 chorda tympani, /8 internal carotid plexus (sympa-
thetic nerves) (b) a Frontal bone (frontal sinus), » Roof of the
orbit (frontal bone), ¢ Ocular bulb, d M. levator palpbrae

muscle separates Wharton’s duct and the hypoglossal
and lingual nerves, which course laterally, from the
lingual artery and vein, which lie medially (compare
Figs. 1 and 5).

1.2 The Tongue

While the posterior third of the tongue—located
dorsally of the circumvallate papillae—forms part of
the oropharynx, the two anterior thirds of the tongue
belong to the oral cavity. The tongue contains a
complex mixture of various intrinsic and extrinsic

superioris, ¢ M. ocular superior rectus, f M. ocular inferior
rectus, g Wall of the nasal cavity, h Pterygoid process,
i Sphenopalatine foramen, k Hard palate, / Pterygopalatine
canal, m Mandible, n Medial pterygoid muscle, 0 Tympanic
membrane (with an auditory bone). / maxillary artery, 2 optic
nerve, 3 trigeminal nerve with trigeminal ganglion, 4 trigeminal
nerve (V/1, ophthalmic division), 5 trigeminal nerve (V/2,
maxillary division), 6 trigeminal nerve (V/3, mandibular
division), 7 frontal nerve, 8 nasal nerve, 9 ethmoidal nerve,
10 ciliary ganglion, /1 ciliary ganglion, short ciliary nerves, 12
ciliary ganglion, long ciliary nerves, /3 ciliary ganglion and
ciliary nerves, /4 pterygopalatine nerves, 15 pterygopalatine
ganglion, /6 posterior superior nasal nerves, /7 pterygopalatine
nerve, /8 posterior inferior nasal nerves, /9 greater superficial
petrosal nerve, 20 lingual nerve, 2/ submandibular ganglion, 22
pterygoid nerve, 23 facial nerve in the facial canal, 24 chorda
tympani, 25 anterior auricular nerve, 26 otic ganglion

muscles. Intrinsic muscles are made up by longitu-
dinal, transverse, vertical, and oblique fibers which
are not connected with any structure outside the ton-
gue (Figs. 2, 4, and 5). The extrinsic muscles have
their origin external to the tongue (Figs. 1 and 4): the
genioglossus (chin), hyoglossus (hyoid bone), and
styloglossus (styloid process) muscles. Both intrinsic
and extrinsic muscles of the tongue receive their
innervation from the (XII) hypoglossus nerve. Sen-
sory fibers are carried by the lingual nerve, a branch
of the (V3) mandibular nerve (Fig. 6). The tongue is
sagitally divided in two halves by a fatty midline
septum (Figs. 1, 2, 3, 4, and 5).
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Table 1 List of oral cavity pathologies

Benign lesions
Congenital
Vascular malformations
Venous
Arterial
Lymphatic
Capillary
(Epi-)Dermoid cysts
Lingual thyroid
Thyroglossal duct cyst
Digastric muscle aplasia
Inflammatory
Cervical phlegmone (e.g. odontogenic)
Abscess (+ sialolithiasis)
Sialadenitis (+ sialolithiasis)
Ranula
Simple
Plunging (or diving)
Ludwig’s angina
Neoplastic
Pleomorphic adenoma
Lipoma
Rhabdomyoma
Hemangioma
Lymphangioma
Schwannoma
Leiomyoma
Neurofibromatosis
Fibroma
Aggressive fibromatosis
Others

Osseous lesions (see “Malignant Lesions
of the Masticator Space”)

Pseudotumor
Hemiatrophy of the tongue (or of other muscles)
Malignant lesions

Squamous cell carcinoma (major sites in
descending frequency)

Lips
Floor of the mouth
Retromolar trigone

Tongue

(continued)

Table 1 (continued)
Adenoid cystic carcinoma
Mucoepidermoid carcinoma
Lymphoma
Non-Hodgkin’s Lymphoma
Burkitt-Lymphoma
Sarcoma (Rhabdomyo-, Lipo-, Fibro-, Angio-, Leiomyo-)
Adenocarcinoma
Malignant schwannoma
Metastases
Melanoma

Osseous malignancies (see “Malignant
Lesions of the Masticator Space”)

13 The Lips and Gingivobuccal Regions

Externally, the lips are covered by keratinizing strati-
fied squamous epithelium, and internally, by nonkera-
tinizing stratified squamous mucosa. The vestibule of
the mouth separates lips and cheeks from the alveolar
processes of the mandible and maxilla. The gingiva is
the mucosa on both the lingual and the buccal aspects of
the alveolar processes. The junction of the gingival
with the buccal mucosa is called gingivobuccal
region. At the level of the second maxillar molar tooth
Stensens’ (parotid) duct opens within the buccal mucosa
(Fig. 3). Moreover, minor salivary glands are relatively
frequent in the gingivobuccal regions. Dorsally, the
vestibules open into the dorsal part of the oral cavity.

1.4 The Hard Palate and the Region
of the Retromolar Trigone

While the soft palate is part of the oropharynx, the
mucosal layer beneath the hard palate belongs to
the oral cavity. There are several openings for
palatine nerves piercing the hard palate (compare
Figs. 4 and 6). The strategic region posterior to the
last maxillary molar tooth is called the retromolar
trigone (Fig. 3). The retromolar trigone has a con-
nection to the buccinator space laterally, to the
anterior tonsillar pillar (part of the oropharynx), the
mandible, and to the pterygomandibular space
dorsally (and via this way to the anterior parts of
the parapharyngeal space and the skull base crani-
ally), and to the palate medially.
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Fig. 7 MRI of a venous
vascular malformation

in a 25-year-old man.
Fat-saturated sagittal

(a) and axial (b) post-contrast
T1-weighted images reveal a
heterogenous rather strongly
contrast-enhancing mass at
the upper lip, hard and soft
palate, maxilla, and the nose

1.5 Lymphatic Drainage

The lips predominantly drain to the submental and/or
submandibular (level 1) lymph nodes. The major
lymphatic drainage of the floor of the mouth is to the
submental, submandibular, and/or internal jugular
nodes (levels 1 and 2). The oral tongue drains mainly
to the submandibular and internal jugular nodes
(levels 1 and 2), often with bilateral involvement in
case of a carcinoma of the tongue.

2 Preferred Imaging Modalities

In children, to avoid radiation exposure, ultrasound, and
MRI are the methods of first choice. In contrast
to more cranial parts of the oral cavity and of the oro-
pharynx, the floor of the mouth, the base of the tongue,
and the neck can be evaluated with ultrasound (compare
Figs. 11 and 19). High frequency transducers should be
used. For the evaluation of the most ventral part of the
floor of the mouth the transducer has to be tilted
accordingly. Contrast-enhanced MRI offers several
diagnostic advantages over ultrasound; it allows cover-
ing of the entire oral cavity and has a higher diagnostic
accuracy, especially regarding the exact evaluation of
the extension and differential diagnosis of a lesion.

In adults, CT and MRI are the most frequently
used imaging modalities. The administration of
intravenous contrast agent is a rule. Only in rare
circumstances, such as the detection of calculi,

an initial (or sole) native CT may be necessary
(or sufficient). The most frequent diagnostic problem
of CT are dental filling artifacts, whereas the interpre-
tation of MRI is most frequently limited by motion
artifacts because of swallowing. As a result of these
diagnostic drawbacks, one can recommend to use CT
for lesions which are primarily located in the floor of
the mouth and the base of the tongue because the latter
structures can be scanned without disturbing artifacts
from dental fillings. On the other hand, MRI can gen-
erally be recommended for lesions predominantly
involving the tongue and the palate (Sigal et al. 1996).
However, to specifically answer the question of bone
involvement (hard palate, mandible) CT is generally
regarded to be slightly superior over MRI so that
sometimes both methods add up to the final diagnosis.

3 Pathology

3.1 Benign Lesions

3.1.1 Congenital Lesions

3.1.1.1 Vascular malformations

Although vascular malformations are predominantly
present at birth, they can manifest with symptoms
later on (Table 1). Generally, vascular malformations
tend to involve muscle and bone (Figs. 7 and 8). They
usually grow slowly, however, rapid growth can be
linked with endocrine changes during life. In contrast
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Fig. 8 MRI of a venous malformation with hardly any flow-
voids in a 65-year-old male. The lesion shows diffuse extension
through the mandible and the mylohyoid muscle into the lower
lip and the submandibular region. Moreover, there is midline

to hemangiomas, vascular malformations do not
involute during childhood (Mulliken 1988, Figs. 7
and 8). Main therapeutic options are steroid injection,
embolization, laser therapy, and/or surgical resection
(if possible). Based on the predominant type of
anomalous vessel involved, capillary (e.g. nevus
flammeus in Sturge-Weber-Syndrome), venous, or
arterial malformations are distinguished (Baker et al.
1993). In rare circumstances, they may appear
as “lymphatic” malformations which can also be
secondary after infection, tumor, or trauma, such as
surgery (Kennedy 1989; Smoker 2003).

In the oral cavity, venous malformations are the
most frequent vascular malformations (Figs. 7 and 8).
In contrast to arterial malformations, these are slow-
flow malformations. On CT, they are usually isodense
to muscle (however phleboliths are characteristic)
and demonstrate variable contrast enhancement. On
MR they are isointense to muscle on TI1-weighted
images but quite hyperintense on T2; contrast
enhancement is usually heterogenous, often with
rather strongly enhancing components (Fig. 7). Arte-
rial malformations are high-flow lesions with tortuous
and enlarged vessels and usually show flow-voids

crossing and extension to the base of the tongue. On T2, the
lesion is quite hyperintense (a) and on the post—contrast image
there is a rather homogeneous strong contrast enhancement (b)

(Baker et al. 1993). Some vascular malformations
comprise both slow- and high-flow components. In
lymphatic malformations, on the other hand, only
septae and/or cyst walls enhance.

3.1.1.2 (Epi-)Dermoid cysts

When epithelial remnants become enclaved during
early midline closure of the first and second branchial
arches, (epi-)dermoid cysts can be the result (King et al.
1994). These lesions occur in or close to the midline
(Figs. 9 and 10), both cranial and caudal to the mylo-
hyoid muscle. Coronal or sagittal slices are useful to
show their relation to the latter muscle because the
surgical approaches differ (Vogl et al. 1993).

Fatty contents (either as fat drops or as a fat-fluid
level) are pathognomonic for dermoid cysts (Fig. 10).
However, without fatty contents a differentiation is
not possible (Koeller et al. 1999). In case of an epi-
dermoid cyst (Fig. 9), an entirely fluid-filled lesion is
visible (CT: <20HU; MR: hypointense signal on T1
and hyperintense on T2). A slight rim enhancement
around these cysts can sometimes be noted.

In contrast to epidermoid cysts, dermoid cysts have
malignant potential (King et al. 1994).
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Fig. 9 MRI of an epidermoid of the floor of the mouth and the
tongue in a 21-year-old female. The lesion is strictly located in
the midline. On T2, it presents well delineated with a very
bright homogeneous signal (a). On post-contrast T1, there is no

Fig. 10 MRI of a dermoid of the floor of the mouth in a
15-year-old male. Median and right paramedian lesion which
is difficult to distinguish from the more caudal mylohyoid
muscle on native Tl (a). After contrast administration,

3.1.1.3 Lingual thyroid

If the thyroid gland does not descend from the foramen
cecum, the midline dorsum of the tongue is the most
common location for an ectopic thyroid gland
(Fig. 11), whereas thyroglossal duct cysts predomi-
nantly occur at the level of the hyoid bone or
below (Douglas and Baker 1994). Mostly, women are
affected. Lingual thyroids are usually small and discov-
ered incidentally. In larger symptomatic cases surgery is

enhancement—the sagittal image nicely shows the relation of
the epidermoid to the more caudal mylohyoid muscle (b).
(With courtesy of Nicole Freling, MD, Amsterdam, the
Netherlands)

the dermoid does not enhance (b). On T2, there is slight
heterogeneity within the cyst suggesting a dermoid rather than
an epidermoid (c)

the first therapeutical option. However, in more than 50%
of the patients no other functioning thyroid tissue is
present, so that complete resection may be problematic.
Comparable to a thyroid gland in its normal loca-
tion, a lingual thyroid is hyperdense on precontrast
CT. On precontrast MRI, it may be only slightly
hyperintense on both T1- and T2-weighted images.
Thyroid tissue, generally, shows strong contrast
enhancement (Johnson and Coleman 1989).
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Fig. 11 MRI of a 65-year-old female with a large lingual
thyroid affecting the tongue as well as the floor of the mouth.
The T2-weighted image (a) reveals an inhomogeneous mass
with some very hyperintense cysts. On the native T1-weighted
image, the mass is slightly hypointense compared to the tongue
(b). After contrast agent has been given, the respective coronal

3.1.2 Inflammatory Conditions
3.1.2.1 Cervical phlegmone and abscess (and
sialolithiasis)

Dental infection or ductal obstruction of the sali-
vary glands are the main causes of oral inflam-
mations, both mainly involving the sublingual and/
or submandibular spaces (Smoker 2003; Yousem
et al. 2000). Phlegmones are diffuse inflammatory
processes which in contrast to abscesses do not
contain central necrotic components and/or air.

(c) and fat-saturated axial (d) images show irregular rather
strong enhancement of the lesion. Histology after laser
resection revealed a lingual thyroid with regressive cystic
changes (goiter). The lesion has been present since childhood
but enlarged after orthotopic strumectomy

Native CT and MRI show edematous changes,
contrast enhancement is diffuse. If Wharton’s duct
is obstructed (e.g. in case of sialolithiasis) the
respective submandibular gland as well as the duct
can be enlarged (Fig. 12). Either native CT or a
bone-window setting of a post-contrast CT best
unveils hyperdense calculi which may be missed
in a soft-tissue-window setting after contrast
enhancement or with other modalities. A clinical
important issue is the exclusion of osteomyelitis
(Fig. 13). In mild cases, CT is known to be



132

M. Keberle

Fig. 12 CT of a submandibular abscess due to an obstruction
of Wharton’s (submandibular) duct by a stone (female,
57 years). In the anterior right floor of the mouth, a small
stone can be seen at the level of the aperture of the duct (a). The
right submandibular duct is swollen and contains an abscess

Fig. 13 Axial MRI of a 23-year-old man with multifocal
osteomyelitis (Sapho-Syndrome). The pre-contrast (a) as well
as the post-contrast (b) images show a diffuse (contrast
enhancing) lesion within and on both sides of the mandible.

superior in the evaluation of the mandibular cortex,
whereas MRI appears better regarding medullar
bone involvement.

3.1.2.2 Ranulas
In case of obstruction of the duct of the sublingual
gland patients can present with a ranula, a true

right at its tip behind the mylohyoid muscle (b); the surround-
ing fat contains inflammatory edematous streaks. An ultrasound
image of the enlarged submandibular gland showing the dilated
duct (c¢)

The cortex is partly eroded (arrow on both images) and
the bone marrow yields hypointense signal alterations due to
inflammatory edema (star on both images)

epithelium-lined “mucus retention cyst”. They are
located above the mylohyoid muscle, fill out the
sublingual space and, thus, mostly have an oval
configuration (Fig. 14). But they can also grow to an
enormous size and then have a more roundish shape.
In contrast to a “simple ranula”, a ranula can present
ruptured and extend dorsally (or caudally through
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Fig. 14 CT of a 57-year-old male who noted a swelling at the
right floor of the mouth. The typical simple ranula is hypodense
(18HU), well delineated, and without contrast enhancement

gaps in the mylohoid muscle) into the submandibular
space and then is called a diving or plunging ranula
(Coit et al. 1987). The bulk of the latter typically
lies—more posteriorly—medial to the submandibular
gland with a typical anterior extension to the sublin-
gual space (suggesting its sublingual origin).

On CT, ranulas present as hypodense, non-
enhancing, thin-walled, solitary, paramedian lesions
(Coit et al. 1987). Accordingly, on MR, ranulas have
homogeneous high signal on T2 and low signal on T1.
However, plunging ranulas, as these are pseudocysts,
are to a various extent surrounded with granulation
tissue so that a slight circular enhancement may be
present on post-contrast images.

3.1.3 Benign Tumors

3.1.3.1 Pleomorphic adenoma

In adults, pleomorphic adenomas are the most com-
mon benign neoplasms of the oral cavity. On histol-
ogy, pleomorphic adenomas contain epithelial as well
as fibromyxoid tissue, and with increasing size, there
are often cystic changes, central necrosis and/or
calcfications (Som and Brandwein 2003). As pleo-
morphic adenomas can originate from the sublingual
glands as well as from minor salivary glands, these

tumors can be found throughout the oral cavity.
Complete resection is recommended because pleo-
morphic adenomas tend to recur.

The varying mixture of epithelial and fibromyxoid
tissues as well as possible degenerative changes of
this tumor result in their “pleomorphic” heterogenous
imaging appearance with a varying signal on T2 and
varying contrast enhancement (especially concerning
larger tumors—Okahara et al. 2003; Keberle et al.
2005). In contrast to malignant tumors, pleomorphic
adenomas show a rather slow growth pattern and are
well-circumscribed tumors (Fig. 15).

3.1.3.2 Lipoma

Other benign neoplasms are much rarer. Of all
mesenchymal tumors, lipoma is the most common in
the oral cavity (Smoker 2003). To some extent,
lipomas can contain other tissues and present as
fibro-, angio-, myxo-, or chondrolipomas. Lipomas
occur virtually all over the oral cavity with the cheek
as the most common location. Imaging features
are pathognomonic with homogeneous low-density
values of around 100HU on CT, no contrast enhance-
ment, and high-signal intensity on TI-weighted
MR-images. Lipomas are clearly defined tumors,
sometimes separated by thin septae and do not infiltrate
neighboring anatomic structures.

3.1.3.3 Rhabdomyoma

In contrast to rhabdomyosarcomas, rhabdomyomas
are benign tumors. They originate from striated
muscle and, within the oral cavity, they have a pre-
dilection for the floor of the mouth and the tongue
(Smoker 2003). In adults, rhabdomyomas mostly
affect middle-aged men. The second age group is
early childhood (usually during the first two years of
life). Like lipomas, they do not infiltrate and, thus,
complete resection is rarely a problem.

On both native CT and T1-weighted MRI rhab-
domyomas have the density/intensity of muscle;
slight enhancement is seen on post-contrast images.
They are usually only slightly hyperintense on
T2-weighted MR-images.

3.1.3.4 Hemangiomas

Hemangiomas occur only in early childhood
(Mulliken and Glowacki 1982), and in this age-group
they are the most common benign tumors. They are
true neoplasms mostly containing endothelial and
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Fig. 15 Sagittal MR-images
of a 34-year-old male
showing a pleomorphic
adenoma between hard and
soft palate. On the T2-
weighted image, the lesion is
homogeneously hyperintense,
round and well delineated
(a). The post—contrast
T1-weighted image shows
only slight enhancement (b).
(With courtesy of Nicole
Freling, MD, Amsterdam,
the Netherlands)

Table 2 Squamous cell carcinoma of the oral -cavity:
T-Staging (UICC 2009)

T1 Tumor <2 cm in greatest diameter
T2 Tumor >2 cm but <4 cm in greatest diameter
T3 Tumor >4 cm in greatest diameter

T4a  Oral cavity: cortical bone, deep/extrinsic muscles

of the tongue, maxillary sinus, skin of face Lips:
cortical bone, inferior alveolar nerve, floor of the
mouth, skin (chin or nose)

T4b  Masticator space, pterygoid process, skull base,

internal carotid artery

Note superficial erosion alone of bone or tooth socket by
gingival primary is not sufficient to classify a tumor as T4

fibrous tissues. They grow rapidly, and usually invo-
lute by adolescence. Only if hemangiomas are gravely
symptomatic or are cosmetically problematic therapy,
for example with laser, is performed rather than a
“wait-and-see policy”. In this regard, color Doppler
or MRI may be useful tools in order to show high-
flow lesions which are more amenable to laser therapy
than low-flow lesions.

It is a diagnostic challenge and not always possible
to differentiate hemangiomas from vascular malfor-
mations. In opposition to the latter, hemangiomas are
usually well-defined subcutaneous tumors, which do

not infiltrate bone or muscle. Vascular malformations
are isointense on T1-weighted, rather hyperintense on
T2-weighted MR-images (Baker et al. 1993), and on
contrast-enhanced images, they usually show bright
enhancement with a varying homogeneity; high-flow
arteriovenous shunts can be seen as well.

3.1.3.5 Schwannomas

Schwannomas are rare benign tumors originating
from nerve sheaths. Within the oral cavity they are
most frequently found in the tongue of the adult
population (Al-Ghamdi et al. 1992). Surgical excision
is the treatment of choice.

They are usually isointense (isodense) on TI1-
weighted MR-images (on CT). On T2, solid components
of schwannomas are rather hyperintense. Moreover,
cystic tumor components may be present. After the
administration of contrast agent a “target-like” appear-
ance is a characteristic sign (Beaman et al. 2004).

3.1.3.6 Miscellaneous benign tumors and tumor-
like lesions

Other benign tumors within the oral cavity are even

rarer. For completion they are listed in Table 1.

Some of them, such as an exostosis, are straight-

forward diagnoses, others require tissue sampling for

identification.
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Fig. 16 Pre-contrast (a) and
post-contrast (b) T1-weighted
axial MRI showing
carcinomatous infiltration of
the mandible. Erosion of the
bony cortex (arrow). The
post-contrast image
differentiates between
hypointense edema and
hyperintense tumor
infiltration (star on b) of the
bone marrow. (With courtesy
of Bodo Kress, MD,
Heidelberg, Germany)

3.2 Squamous Cell Cancer

3.2.1 General Considerations

In adulthood, most lesions in the oral cavity sent for
imaging are malignant. The most frequent question to
answer is whether there is deep infiltration in already
clinically detected and biopsied oral cancer. Squa-
mous cell cancer (SCC) predominantly affects men
between 50 and 70 years of age (Ferlay et al. 1999;
Cawson 1998). Most important risk factors are a long
history of tobacco and/or alcohol abuse. Oral SCC
originates from the mucosa and, therefore, allows for
an easy clinical access regarding detection and
biopsy. This holds especially true for the lower lip
which is the most comman site for SCC of the oral
cavity. Furthermore, local extension of a tumor of the
lip can usually be sufficiently determined clinically so
that cross-sectional imaging is only needed in very
large tumors (e.g. to exclude mandibular infiltration).
Besides for the lips, any intraoral mucosal surface can
be affected, however three specific intraoral sites
are predominantly affected. In descending frequency,
the floor of the mouth, the retromolar trigone, and the
ventrolateral tongue are involved (Mashberg and
Myers 1976).

Small superficial T1-tumors are often not visible
on both CT- and MR-images (Keberle et al. 1999).
With increasing size, SCC infiltrates deeper submu-
cosal structures. As a result, CT and MRI show a
tumor mass and allow for an accurate evaluation of
deep tumor infiltration (Kosling et al. 2000; Leslie

et al. 1999). This results in the possibility of staging
SCC of the oral cavity according to the TNM-system
(UICC 2009, Table 2). In spite of the invasive char-
acter of SCC, bony structures and arteries resemble
anatomic barriers and are infiltrated rather late in the
course of the disease.

Regarding bony structures, cortical tumor infiltra-
tion can best be detected as erosion and/or lysis of the
adjacent cortex on CT-images with a bone-window
setting (Van den Brekel et al. 1998; Mukherji et al.
2001). A soft-tissue mass within the bony marrow
is a direct sign and can be seen on both CT- and MR-
images. Especially, pre-contrast in combination with
fat-saturated post-contrast T1-weighted MR-images
are very helpful to detect bone marrow invasion
(Fig. 16).

Furthermore, an important aspect regarding
malignancies of the oral cavity is the invasion of
nerves and vessels of neurovascular bundles, such as
in the sublingual space (Mukherji et al. 1996; Smoker
2003). While vascular invasion yields a greater risk of
remote as well as lymph node metastases, nerve
involvement can lead to tumor extension along nerve
routes (perineural extension) far beyond the expected
tumor margins (compare Figs. 6 and 17). Perineural
extension may be asymptomatic and is often not easy
to detect with all imaging modalities. Therefore,
perineural extension results in a greater likelihood of
positive resection margins and/or remote tumor rem-
nants. As a consequence, it is crucial to look for direct
or indirect signs for perineural tumor extension.
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Fig. 17 Axial pre-contrast T1-weighted MRI of an adenoid
cystic carcinoma at the right maxillary alveolar ridge (a); the
signal loss inside the bone represents medullar tumor infiltra-
tion. The patient complained of right-sided facial headache and
an anesthesia of the palate, as a result of extensive perineural
tumor spread. Accordingly, (b) shows soft-tissue thickening in
the region of the greater palatine canal containing the greater

Direct signs are thickened (Fig. 17) and contrast-
enhanced nerves. Indirect signs are invasion of sub-
lingual space and widening of bony foramina or
canals.

In general, SCC has a similar density to muscle on
pre-contrast images (on both, CT- and MR-images—
Yasumoto et al. 1995; Keberle et al. 2002). None-
theless, native T1-weighted MR-images are of great
value to delineate the tumor because the characteristic
architecture of the tongue musculature is usually
altered by the lesion. Furthermore, native T1-weigh-
ted images as well as post-contrast CT-images yield
the best contrast versus normal fat (e.g. the fatty tissue
of the sublingual space). On T2-images, SCC is
slightly hyperintense. On post-contrast images there
is moderate enhancement, so that fat-saturated
MR-images have to be obtained. With increasing size,
SCC (and respective metastases) often present with a
central necrosis.

Cervical lymph node metastases occur in approx-
imately 50% of the patients with SCC of the oral
cavity (Magrin and Kowalski 2000; Smoker 2003).
In tumors crossing the median (midline) there is
often bilateral lymph node involvement. This holds
especially true for tumors of the tongue. Lymph node
involvement is generally accepted to be the single
most important prognostic parameter (Magrin and
Kowalski 2000). In addition to CT and MRI,

palatine nerve (arrow) and (c) shows tumor extension into
the right pterygopalatine fossa (star) extending laterally in the
infratemporal fossa, anterolaterally along the wall of the
maxillary sinus, and posteriorly in the pterygoid (Vidian) canal
(arrow). (With courtesy of Robert Hermans, MD, PhD, Leuven,
Belgium)

ultrasound is known to be a very valuable tool
regarding the detection and differentiation of cervical
lymph nodes (see also “Neck Nodal Disease”).

In general, therapeutic options comprise of sur-
gery, radiation therapy, and chemotherapy. The latter
is increasingly used as inductive chemotherapy in
order to reduce the size of the tumor prior to surgery.
Furthermore, surgery and radiation therapy are often
combined. Clear extension beyond the midline in
tongue cancer often precludes surgical resection as
this would imply total glossectomy; primary radiation
therapy, in combination with chemotherapy, is usu-
ally performed in such circumstances. While smaller
tumors can be removed with laser or classic surgery,
larger tumors often require extensive surgery with
tissue reconstruction. An additional invasion of the
mandibular cortex requires marginal (cortical) man-
dibulectomy. Invasion of the mandibular marrow
instead requires complete mandibular resection of the
infiltrated segment (segmental mandibulectomy) with
local reconstruction.

As a result there is a large variety of therapeutic
options so that for any individual an exact evaluation
of the tumor extension is essential.

3.2.2 Lip Cancer
As already mentioned, the lips are the most frequent
location regarding SCC of the oral cavity (Fig. 18).
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However, only very large tumors require local eval-
uation of deep tumor extension by CT or MRI. In this
regard, pretherapeutically important anatomic struc-
tures are the mandibular cortex, the mandibular
marrow, and the inferior alveolar and/or mental
nerves (regarding the imaging criteria of perineural
and mandibular infiltration see Sect. 3.2.1).

3.2.3 Floor of the Mouth Cancer

Most tumors of the floor of the mouth originate in its
anterior aspects. Here small superficial tumors
are readily diagnosed by clinical means. In order
to evaluate a tumor’s deep infiltration and for
TN-staging, cross-sectional imaging is needed
(Figs. 19 and 20). Considering the latter facts, in
ultrasound, the transducer has to be tilted so that the
anterior part of the floor of the mouth can be evaluated
accordingly (Mende et al. 1996; Keberle et al. 2000).
SCC of the floor of the mouth preferentially infiltrates
the surrounding soft tissues first before the mandible
and/or the mylohyoid muscle are invaded (Lenz and
Hermans 1996). Medially, the tumor can cross the
midline, invade the contralateral neurovascular bundle
and if there is also cranial extension of the tumor the
tongue can be involved. As previously mentioned, large
tumor involvement of the contralateral tongue and/or
neurovascular bundle often precludes radical surgical
resection (Mukherji et al. 1997). Dorsally and caudally,
SCC of the floor of the mouth can spread to deeper
cervical tissues. Usually, it comes to a dorsal spread
first along the mylohyoid muscle and the inner surface
of the mandible which are natural borders. Dorsally,
Wharton’s duct or the submandibular gland itself can
be infiltrated. Both can result in inflammatory changes
of the gland due to duct obstruction (Yousem et al.
2000). Enlargement of the submandibular gland and
dilatation of the duct are important indirect tumor signs.
On the other hand, oropharyngeal tumors at the base of
the tongue tend to infiltrate the floor of the mouth
ventrally (resulting in a T4a-oropharyngeal tumor if
extrinsic muscles of the tongue are involved, Fig. 21).
The same tumor stage applies for oral cavity tumors in
case of invasion of extrinsic muscles of the tongue
and/or lateral (as well as anterior) infiltration of the
mandible (Table 2). Interestingly, caudal infiltration of
the mylohyoid muscle is not regarded a T4-stage
according to UICC-guidelines (Table 2). The coronal
plane facilitates the evaluation of the mylohyoid as well
as extrinsic tongue muscles (Lell et al. 1999).

Fig. 18 CT in a 55-year-old pipe-smoking male with a
squamous cell carcinoma of the lower lip. The contrast-
enhancing mass is on both sides of the midline, the adjacent
soft tissues are edematously swollen. In level II there are
bilateral lymph node metastases with central necrosis

The mandible is best evaluated in the axial plane.
CT is regarded to be superior for the demonstration of
cortical infiltration whereas MRI is more sensitive for
evaluation of bone marrow infiltration (Fig. 16).
Infiltration of the mandibular cortex leads only to
marginal (cortical) mandibulectomy, while infiltration
of the bone marrow requires complete segmental
resection.

Tumors of the anterior part of the floor of the
mouth in particular result in submental (level I; best
seen on coronal slices; Lell et al. 1999) and/or sub-
mandibular (also level I) lymph node metastases
(Fig. 20a).

3.2.4 Retromolar Trigone Cancer

SCC of the retromolar trigone are localized in the
superoposterior part of the oral cavity and often
involve oropharyngeal subregions (Fig. 22). These
tumors are rarer than tumors of the lips or of the floor
of the mouth, however, they are more difficult to
detect by clinical means. Dorsally, the cranial part of
the tonsillar pillar, the lateral aspect of the soft palate,
as well as the pharyngeal tonsil can be affected.
Deeply, along the pterygomandibular space, the
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Fig. 19 MRI of a 54-year-old man with a small T1-tumor
(SCC) in the anterior part of the floor of the mouth (a). A fat-
saturated axial T1-weighted MR-image shows the small
hyperintense mass adjacent to the attachment of the mylohyoid
muscle at the inner mandibular surface. The cortex is intact.
b A different patient (63 years, male) presented with a

Fig. 20 CT of 62-year-old man with a squamous cell
carcinoma lying more deeply in the floor of the mouth (a).
The tumor is located between the mylohyoid muscle and the
partially presented transverse (intrinsic) muscles of the tongue
(cross). Note the bilateral lymph node metastases. Different

squamous cell carcinoma of the right floor of the mouth.
At CT, the small Tl-tumor almost completely fills out the
sublingual (fat) space and lies directly between the medially
located ipsilateral neurovascular bundle (and hyoglossus
muscle) and the laterally located mylohyoid muscle. A lymph
node metastasis can be seen on the same slice (star)

patient (b) with a SCC with central necrosis on the left side of
the floor of the mouth. At CT, the tumor (arrow) is located
between the geniohyoid and the hyoglossus muscles. Note the
ipsilateral lymph node metastasis with central necrosis
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Fig. 21 CT of a 56-year-old man with an oropharyngeal (T4)
squamous cell carcinoma of the base of the tongue and deep
tumor infiltration into the geniohyoid and genioglossus muscles
of the floor of the mouth (stars) and midline crossing (a). The

Fig. 22 Axial CT (a) and axial T2-weighted MRI (b) of a
male patient with squamous cell carcinoma of the right
retromolar trigone (arrows) extending medially to the soft

mandible, superior pharyngeal constrictor muscle,
the pterygoid processes, the medial pterygoid muscle
(eventually causing trismus), and the masticator and the
parapharyngeal spaces (and this way even the skull base)
can be infiltrated. Especially, in case of tumor extension
into the pterygopalatine fossa, one always has to watch
for perineural tumor spread (Mukherji et al. 1997).
Ventrally and cranially, the gingival and/or buccal
mucosa as well as the maxillary alveolar ridge (the latter
being a T4a-stage) are possibly infiltrated (Table 2).
Medially, the tumor may extend toward the hard palate;
laterally, the buccinator space can be infiltrated.

corresponding ultrasound nicely shows the relation to the
lingual artery (arrow and stars indicate the mylohyoid muscle
on both sides, b)

palate. The contrast-enhancing (a) mass is hyperintense on the
T2-weighted MR-image (b, With courtesy of Sabrina Kosling,
MD, Halle, Germany)

3.2.5 Tongue Cancer

The ventrolateral surface of the tongue is involved
more often than the rest of the tongue (Fig. 23).
These tumors invade easily the intrinsic muscles of
the tongue. The floor of the mouth with the ipsi-
lateral neurovascular bundle (Fig. 24), the base of
the tongue, the gingival mucosa and eventually the
oropharyngeal tonsils, the soft palate, and the
mandible may become invaded. Again, it is crucial
to evaluate tumor extension in relation to the
midline and to the contralateral neurovascular bun-
dle and sublingual space.
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Fig. 23 CT with axial (a) as
well as coronal reformation
(b) in a 49-year-old male with
a T2 squamous cell carcinoma
of the ventrolateral tongue.
The tumor does not cross the
midline and, thus can more
easily be removed than the
masses shown in Figs. 21 and
24 (e.g. by hemiglossectomy)

3.2.6 Hard Palate, Gingival and Buccal
Cancer

Tumor location at the mucosal layer beneath the
hard palate eventually implies close evaluation of
the adjacent bone (Fig.25). This can best be
achieved on coronal MR- or CT-images (bone
window). Furthermore, the incisive canal and the
greater and lesser palatine canals have to be
inspected closely for potential perineural tumor
spread along the respective palatine nerves (nerve
V/2) toward the pterygopalatine fossa. While CT
can demonstrate asymmetric pathologic widenings
(sometimes cortical erosions) of the respective bony
canals, MRI superiorly displays perineural spread as
thickening (Fig. 17) and/or contrast enhancement of
the nerve.

SCC of the gingival or buccal mucosa may eventally
invade the mandibular or maxillary cortex (Figs. 16
and 26), which is usually best seen on axial slices.

3.3 Other Malignant Tumors

3.3.1 Adenoid Cystic Carcinoma

Malignant tumors other than SCC are quite rare.
Adenoid cystic carcinoma (ACC) originates from the
minor salivary glands which can be found every-
where in the oral cavity (Figs. 17, 25b, and 27,
Cawson 1998). They usually occur in the fifth to
seventh decade of life, men and women are affected
about equally. The long-term prognosis is worse in
comparison to SCC (Friedman et al. 1986). This is
mainly caused by the propensity of adenoid cystic

carcinoma for perineural tumor spread and deep
local invasion (Sigal et al. 1992; Parker and
Harnsberger 1991). On the other hand, lymphatic
metastases are much rarer than in SCC, but hema-
togenous spread, mainly to the lungs and liver, does
occur. Perineural invasion mainly affects the maxil-
lary (V2) and/or the mandibular (V3) nerves. To
avoid underestimation of tumor spread, in this
regard, the latter nerves, the pterygopalatine fossa
(V2), the foramen rotundum (V2), the pterygoid
canal (canal containing mixed para- and orthosym-
pathic nerve entering the pterygopalatine canal), the
foramen ovale (V3), and the cavernous sinus have to
be inspected thoroughly. It is important to note that
in some cases of ACC tumor-free areas (“skip
areas”) along the nerves have been reported. On
CT-images, perineural spread might be identified by
enlargement of skull base foramina, whereas
enlarged nerves are usually not directly visualized.
On MR-images, perineural tumor spread can directly
be visualized as an enlarged nerve with a varying
extent of contrast enhancement. The primary tumor
itself cannot be distinguished from SCC by cross-
sectional imaging (Becker et al. 1998); perineural
spread can also occur in SCC. Thus, differentiation
of ACC and SCC requires histopathologic analysis.

3.3.2 Mucoepidermoid Carcinoma

As adenoid cystic carci