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Preface

Head and neck cancer, the main subject of this textbook, is a heterogeneous disease encom-
passing epithelial malignancies of the upper aerodigestive tract, including paranasal sinuses,
nasal cavity, oral cavity, pharynx and larynx. Worldwide, it represents the 6th most frequent
neoplasia (approximately 650,000 new cases diagnosed annually) and accounting for 6% of all
cases, and is also responsible for approximately 1-2% of tumor deaths (350,000 deaths per
annum worldwide). As a whole, the disease group is associated with different epidemiology,
etiology and treatment strategy. Tobacco and alcohol abuse have been major risk factors of
head and neck cancer. More recently, high-risk HPV (human papilloma viruses) infection is
implicated in the development of oropharyngeal cancer although HPV- related cancer has a
distinct clinical entity with a better prognosis. Treatment selection for head and neck cancer is
based on the location and stage of the disease. Early-stage diseases are often treated with single
modality such as surgery or radiation therapy alone, while advanced tumors are usually treated
with multiple modalities, usually including systemic therapy. Organ preservation therapy has
been increasingly adopted, without causing significant compromise of locoregional control
and survival rate, mainly due to its excellent functional and/or cosmetic outcomes.

Diagnostic imaging, particularly CT and MRI, plays an important role in the diagnosis of
head and neck cancers, evaluation of the disease extent (to stage the disease accurately) and
post-treatment follow-up. To evaluate images of head and neck cancers adequately, radiolo-
gists should thoroughly understand the regional anatomy, both typical and atypical imaging
features of the disease, differential diagnosis, patterns of disease spread, treatment complica-
tions and patterns of recurrence. Despite the recent progression of the imaging techniques,
only a few subspecialized head and neck radiologists can fully meet the needs of referring
clinicians.

We have attempted to make diagnostic imaging of head and neck cancers clear and concise
in this text by reviewing the recent advances in this field, with an emphasis on practical aspects
of the evaluation of such diseases. The authors of each chapter, who are all at the forefront in
this field, discussed and summarized the points based on their considerable knowledge and
abundant experience. Especially, my mentor and one of my best friends, Tony (Mancuso AA,
M.D.), kindly joined us to write an introductory chapter ‘“Perspectives and trends in diagnostic
imaging of head and neck cancer”. This chapter tells us exactly what I wanted to express in this
textbook. I believe that all chapters will bring the readers up to date about head and neck can-
cer and about the future of this field. This textbook is warmly recommended to radiologists,
head and neck surgeons, ENT doctors, and radiation oncologists.

Finally, I would like to express my sincere thanks to all the authors for their tremendous
effort in enhancing the value of this textbook. I am very grateful to Ms. Guruprasad Kripa and
Ms. Yoko Arai at Springer for promotion of this project and detailed editing of the
manuscripts.

Tokyo, Japan Hiroya Ojiri
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Perspectives and Trends in Diagnostic
Imaging of Head and Neck Cancer

Anthony A. Mancuso

Abstract

A meaningful and accurate report is the central respon-
sibility of those interpreting imaging studies of patients
with head and neck cancer. This chapter will draw on
the approximately 80 years of knowledge that has con-
tributed meaningfully to the understanding of the fac-
tors that define competent reporting and consultation in
head and neck cancer imaging. This begins with a con-
sideration of the fundamental structure and content of
consistent and meaningful reports. Next, the chapter
will define processes that create a pathway to becoming
expert enough to exercise imaging professional behav-
ior that defines an optimal and efficient standard of
practice in head and neck cancer imaging. The central
theme will continuously reflect how the expectation of
such expert practice relates to foundations of knowl-
edge and experience that began in the 1930s and have
reached a reasonably defined steady state at this time.
Finally, the chapter will summarize suggested improve-
ments in the current state of our imaging techniques
that remain primarily of investigational and/or specula-
tive interest. This will include suggestions in the litera-
ture, for possible marginal improvements in the data we
generate from images and conclusions drawn from that
data we provide in reports.
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1.1 The Central Task: A Competent

Report/Consultation

A meaningful and accurate report is the central responsibil-
ity of those interpreting imaging studies of patients with
head and neck cancer. This chapter will draw on the approxi-
mately 80 years of knowledge that has contributed meaning-
fully to the understanding of the factors that define competent
reporting and consultation in head and neck cancer imaging.
This begins with a consideration of the fundamental struc-
ture and content of consistent and meaningful reports. Next,
the chapter will define processes that create a pathway to
becoming expert enough to exercise imaging professional
behavior that defines an optimal and efficient standard of
practice in head and neck cancer imaging. The central theme
will continuously reflect how the expectation of such expert
practice relates to foundations of knowledge and experience
that began in the 1930s and have reached a reasonably
defined steady state at this time.

Finally, the chapter will summarize suggested improve-
ments in the current state of our imaging techniques that
remain primarily of investigational and/or speculative inter-
est. This will include suggestions in the literature, for possi-
ble marginal improvements in the data we generate from
images and conclusions drawn from that data we provide in
reports. Pursuing those ends can become a distraction from
our central responsibilities to our patients and clinical col-
leagues, while providing no added value especially with
respect to time and effort that might be expended.
Implementing some of these suggestions can create real
expense in addition to the human capital investment with no
return on investment. At its conclusion, this chapter will rec-
ommend avoiding some of these specific suggestions that
make their way into the literature as part of a standard port-
folio of imaging in head and neck cancer.

Patients with head and neck cancer are at high risk for
very significant functional and cosmetic deficits because of
the nature of this disease and the effects of these therapeutic
options. Value-added in our reports is directly linked to
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exploiting our extraordinary imaging tools to produce as
accurate an account of the disease extent as possible to limit
this morbidity and, in some cases, avoid fruitless attempts at
definitive therapy moving the patient to a disease “manage-
ment” rather than curative strategy.

The suggested basic structure of the diagnostic imaging
report differs within four basic clinical situations encoun-
tered in a practice of head and neck cancer imaging. However,
there is commonality in the report structure and content
between those four following clinical settings that follow:

1. The initial staging and treatment planning study.

This requires that diagnostic imaging specialists under-
stand that they do not, themselves, stage cancers although
“staging the tumor” often becomes a focus of educational
effort in head and neck cancer imaging. It would be unfor-
tunate if patients who are reading their imaging reports, as
well as their own medical records, were to become con-
fused by a TNM stage offered by a diagnostic radiologist’s
report that was different from that offered by the physi-
cians who are actually responsible for officially assigning
a stage in the medical record. This can lead to needless
time spent on reconciling such recorded disparities.

Diagnostic radiologists must offer clear and accurate
subjective and objective data that contributes to the stag-
ing process. A recent and somewhat belated educational
effort, sometimes presented as “Contextual Reporting”, is
a more appropriate educational approach to ensure that
report content is complete, consistent, and useful in the
staging process [1]. Staging does not dictate specific
treatment. Tumor staging does contribute the process of
treatment planning since the staging process relies on our
reported granularity of extent of primary, regional, and
distant disease, which is a real and central determinant of
treatment strategy.

Staging is important for accurate end results reporting,
which is a significant responsibility of our clinical col-
leagues who rely on our data to also execute that respon-
sibility as accurately as possible in keeping with the most
current staging guidelines. At times, integration of imag-
ing data into staging systems has created a phenomenon
referred to as “stage creep”. This has resulted in some
degree of over staging some cancers compared to historic
baselines. Still it is a system that is essential and requires
careful thought as imaging data continues to be integrated
with staging criteria.

2. The search for a clinically occult primary cancer that
might be producing symptoms or signs of disease such as
otalgia, metastatic cervical adenopathy, or signs and
symptoms related to the Trigeminal or Facial nerve.

3. Routine surveillance of the treated patient.

4. The staging and treatment planning study of the
patient with newly discovered recurrent cancer.

The suggested commonality in these situations and related
report structure includes (terms in bold are suggested sec-
tions for creation of a shell for a structured report):

1. Evaluation of the primary site: A clear description of
the full extent of the primary tumor. This includes spread
within soft tissues especially along known pathways in
the deeper soft tissue spaces of the head and neck (such as
the parapharyngeal pre- and retrostyloid components)
and cartilage and bone invasion, when appropriate, for
the given primary site.

2. Perineural spread: An accounting of the likely presence
and extent of perineural spread of cancer based on pathoa-
natomic image analysis informed by known tendencies that
vary with cancer tissue type and primary site location.

3. Regional adenopathy: A full accounting of regional
nodal metastatic disease. This should be based on known
trends and patterns and must account for all lymph node
groups including retropharyngeal, retrostyloid, facial,
parotid, and posterior neck groups. This assessment
should also include the presence and extent of extrano-
dal extension including the likelihood of deep neck fixa-
tion and/or involvement of vascular structures
including the jugular vein, especially the carotid artery.

4. Risk of distant metastases (optional as appropriate): A
suggestion with regard to the necessity of evaluation of
distant metastatic disease based on the extent of local
regional spread: typically, this is a suggestion for chest
CT and possibly FDG-PET imaging.

Such a suggested report structure should remain essen-
tially the same in evaluating a confirmed cancer recurrence.
In the other two alternative settings of searching for clini-
cally occult primary tumors and imaging in the surveillance
mode for recurrence, the reporting responsibilities shift to
primarily expressing a degree of confidence in the presence
or absence of disease. The ACR NI-RADS initiative is a use-
ful attempt to standardize the approach to surveillance imag-
ing. In both these alternative clinical scenarios expressing
such a degree of confidence, with regard to the presence or
absence of tumor, is one of the most difficult tasks in head
and neck cancer imaging. In my years of practice, it has
come to require the most experience and care in report prepa-
ration. Patients are currently reading either the report impres-
sion section and/or the full report in the United States. The
responsibility of an expert imaging consultant in these clini-
cal scenarios is to create a clear understanding of degree of
confidence in the meaning of the imaging findings and to
avoid confusing and/or insensitive language or needless
equivocation that might provoke unnecessary patient anxi-
ety. That responsibility in reporting must be balanced with
an honest assessment of risk so as not to mislead the order-
ing physician with ambiguous language. Current training
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programs are only beginning to address these nuances in
report creation, at this point, marginally approaching the
challenge by encouraging a standard report structure as
embodied by concepts of “Contextual Reporting” [1] and the
ACR NI-RADS initiative. Such initiatives are only now
emerging, almost four decades into the evolution of modern
head and neck cancer imaging.

In the post-treatment surveillance scenario, the basic
report structure is modified as follows (terms in bold are
suggested sections for creation of a shell for a structured
report):

1. Expected post-treatment changes: A succinct discus-
sion of the presence and nature of postoperative and/or
postradiation changes. Avoidance of unnecessary and
essentially meaningless verbiage is important to keep the
“fog” out of these reports. If those post-treatment changes
are relatively routine, a summary statement to that effect
can be made. This would include such findings as gener-
alized lymphedema affecting the skin, superficial fascia
and deeper soft tissue planes and pharyngeal walls, free
margin of the epiglottis and aryepiglottic folds. There is
no reason to clutter the report by using either a “macro”
with sometimes inappropriate, to an individual case, con-
tent describing such findings or dictated, variable quality
and sometimes confusing syntax to document these rou-
tine types of expected post-treatment findings.

2. Primary Site
(a) If there has been reconstructive surgery, what is the

extent of the entire construct including status of the
soft tissue free or otherwise vascularized flap, its vas-
cular pedicle, and the status of any metallic and bony
combination component of the construct.

(b) Changes in the construct or remaining anatomic
structures that constitute a definite or suspicious
complication of treatment such as construct failure,
infection, or developing osteonecrosis.

(c) The presence of any atypical or worrisome residual
focal changes, including unusually asymmetric or
excessive edema, after allowing for asymmetry that
may be related to IMRT or other focal treatment plan-
ning methodology.

(d) If there are worrisome or atypical focal changes at the
primary site, a suggestion for short interval follow-
up or alternative imaging follow-up such as with
FDG PET (as suggested in ACR NI-RADS
guidelines).

(e) If there is clear evidence of primary site recurrence,
a report that fully evaluates the extent of disease as
presented previously.

3. Regional Adenopathy: An assessment of regional ade-
nopathy including possible atypical nodal patterns of
spread due to alteration of drainage patterns by therapy.

4. Risk of Distant Metastases (optional as appropriate):
A suggestion with regard to the necessity of evaluation of
distant metastatic disease based on the extent of local
regional spread: typically a suggestion for Chest CT and
possibly FDG-PET imaging.

In the setting of the search for a clinically occult pri-
mary cancer, the task shifts to a statement of confidence in
the exclusion or discovery of a malignancy responsible for
the suspicious clinical scenario. This includes accounting for
variations in normal anatomy such as the superficial asym-
metric appearance of pharyngeal lymphoid tissue that might
be mistaken for a significant finding. This task requires a sig-
nificant amount of experience with regard to the range of nor-
mal variation of structures in the head and neck region and
recognition of early signs of infiltration of deeper tissue space
[2]. The latter observation is an essential skill for identifying
potentially aggressive and, therefore, malignant pathology.
This is a skill set that is not delivered in the context of usual
residency and even neuroradiology fellowship training. The
fidelity of statements with regard to the presence or absence
of significant findings in this particular setting is directly pro-
portional to the experience of the interpreting physician. An
expert imaging consultant must be able to identify negative
exams with a very high degree of confidence.

1.2  Knowledge Base for Progress Toward
Becoming an Expert Head and Neck
Cancer Imaging Consultant

1.2.1 The Beginnings: Becoming a“Student

of the Disease”

To become an expert at interpreting images of patients with
head and neck cancer, the interpreting physician must
become a student of the natural history of head and neck
cancer and how it is altered by therapeutic interventions. The
foundational knowledge for this pursuit resides in first under-
standing evolution of knowledge in the domain of anatomy
and pathologic behavior of these malignancies in the
untreated state. The important tendencies in this regard are
primary site specific with regard to both local and regional
lymphadenopathy spread patterns. It is worth a careful
review of how such foundational knowledge has come about
and contributed to our image interpretive processes over the
last 80+ years.

The birth of modern Head and Neck Imaging occurred in
the 1970s but the core knowledge for its application came at
least three decades before the advanced imaging studies of
the modern era were invented and then refined over the next
four decade to reach their current state. Compared to the
state of the available diagnostic imaging in head and neck
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cancer early in the 1970s, our current imaging capability to
provide useful information is beyond extraordinary. The pre
CT/MRI era required that treatment planning rely on the his-
tory and physical examination, plain films, contrast studies
(such as laryngo-pharyngography), and multidirectional
tomography. The ensuing development of imaging modali-
ties beginning with the advent of whole body CT imaging
and grey scale ultrasound in the second half of the 1970s is
one of the most compelling stories about the impact of a
technological improvement in attacking this often devastat-
ing disease.

The revolution and rapid evolution of CT, MRI, US, and
radionuclide tumor imaging from the late 1970s onward
combined with innovative IT advances that were given
birth in the early 1990s have made it possible to provide
informative images paired with timely reports to all treat-
ing practitioners since the late 1990s. With these advances
diagnostic radiologists have become potential providers of
valuable, real-time data for medical decision-making in the
treatment planning and follow-up care of patients with head
and neck cancer. However, the value added by the diagnos-
tic radiologist is directly proportional to a willingness to
earn a respected position as part of a multidisciplinary team
by becoming student of this disease and the information
needed by our clinical partners. This requires expert-level
training and is a skill set that is not even adequate in a radi-
ology residency training and often does not reach a profi-
cient level of practice in the context of a 1-year
neuroradiology fellowship.

While our current advanced imaging tools are powerful,
when used with optimal technique, a lack of a fundamental
understanding of how this disease grows and spreads at each
individual site of origin can limit the optimal acquisition and
interpretation of these diagnostic images. This makes it
essential for the expert to become fully confident in the prac-
tice of imaging that is relevant and shown to contribute to
improved outcomes. In treatment planning, such ignorance
of fundamental, proven pathoanatomic precepts or reliance
on unsubstantiated “new techniques” can lead to poor out-
comes. True experts and students of this disease will avoid
these pitfalls by studying and understanding the sources of
fundamental knowledge to be presented subsequently and
putting potential new advancements in proper perspective.

Finally, a newer requisite skill for expert-level perfor-
mance of imaging consultants in head and neck cancer imag-
ing is understanding the evolution of the radiology report.
The need for consistency in the structure and content of the
reports was discussed earlier. Expert-level sophistication
beyond those basics requires the skill of not only construct-
ing a succinct, complete, and accurate report but also a report
that will not create and/or magnify unnecessary patient anxi-
ety since patients now often read their reports. This skill is
especially important in the reports of surveillance studies.

On the road to acquiring an expert level of performance,
it is useful to study and understand the origins and documen-
tation of knowledge that has become a substrate for our
understanding the deep spread patterns of this disease. The
modern anatomic basis for some of this understanding dates
in the 1930s [3, 4] but goes back much further into the clas-
sics of anatomic exploration.

The tendencies of deep spread and deep volume of dis-
ease was well known before the modern imaging era. Those
disease patterns are now visible to treatment planners on
properly acquired and interpreted imaging studies. The ini-
tial description of the pathways of spread of primary head
neck cancer was the work product of surgeons at the MD
Anderson Cancer Center, Memorial Hospital, and Columbia
Hospital in the 1940s-60s who chose to take on this chal-
lenging anatomic area. That effort was soon joined by early
radiation oncologists. These individuals are clearly worthy
of specific mention, independent of specific references to
their publications. The “founding” group included Martin H
(circa 1940 Memorial Sloan Kettering) [5], MacComb W,
Jesse R, and Ballantyne AJ [6, 7] (all three of the MD
Anderson Cancer Center circa 1960-70), J Conley (circa
1950 —Columbia) [8], and J Kirchner (circa 1970-Yale) [9].
All were extraordinary pioneers in modern head and neck
surgery. G. Fletcher [7] and M. Lederman [10, 11], pioneer-
ing radiotherapists also contributed materially to our under-
standing of the natural history of this disease and its behavior
as modified by radiotherapy and surgery in the same era. All
chose to share this foundational knowledge through truly
remarkable scientific publications and textbooks that will be
more specifically referenced subsequently. It is sobering to
realize that the surgeons developed much of their surgical
skill by helping the wounded of World War II. The help pro-
vided for those injured soldiers turned into a gift for patients
with head and neck cancer. Eventually the writings of these
surgeons also became a gift to those wishing to understand
how to develop modern imaging techniques to benefit our
highly skilled surgeons and radiation oncology colleagues to
offer their patients better outcomes.

These treating physicians of the “pre CT era” had to
become students of this disease, which has the unavoidable
specter of often tremendous functional and cosmetic conse-
quences of both cancer growth and spread as well as the
effects of a chosen treatment strategy. The inherent destruc-
tive growth of these cancers and the need for necessarily
destructive, ablative therapy, in the pre-advanced imaging
days, required great skill and understanding on the part of
surgeons and early radiotherapists about whether highly
morbid treatment plans would be worth the chance for cure.
As students of the disease, they learned and documented the
patterns of local/regional cancer spread by way of evaluating
their successes and failures and honestly reporting these
experiences (Martin [5], Fletcher, Ballantyne [7, 12], Conley
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[8], Kirchner [9], Lederman [10, 11]). In doing so, those
early investigators created the foundational material that
allows us to recognize these predictable patterns of disease
with CT and MRI. Given such proven fundamental knowl-
edge, diagnostic radiologists have been challenged to fully
exploit the capability of CT and MRI by providing imaging
protocols that maximize information in the images. We must
then make properly guided factual imaging observations,
unique to each primary site, to fully inform the treatment
decision-making process, which will in turn create the best
cure to morbidity ratio.

The Fundamentals of Local

and Regional Spread: The Basis

of Eventual Expert Interpretive Skills
and Appropriate Report Content

1.3

The foundational experience with regard to the local and
regional spread of head and neck cancers were brought to us,
as described earlier, by extraordinarily skilled general sur-
geons who ventured into this challenging problem without
the benefit of modern imaging or the truly extraordinary
options currently available for reconstruction with free vas-
cularized bone and soft tissue flaps. Those surgeons pre-
sented this observational, fact-rich, experience to us through
their writings, since the primary mode of therapy for treat-
ment, especially before the coming of modern techniques in
radiotherapy, was definitive and unfortunately, sometimes
“exploratory” surgery. Their post—-World War II surgical
experience allowed them to record the spread patterns of
head neck cancer as seen in the operative suite, in vividly
descriptive terms, thereby creating the pathoanatomic foun-
dation that diagnostic radiologist have exploited to explore
the full potential of the modern imaging revolution mainly
by way of CT and MRI. Simply put, their experience pre-
dicted observational opportunity beyond the limits of their
physical examination that we now can provide noninvasively
with our modern imaging tools. This descriptive surgical
experience was sometimes supplemented by techniques such
as whole organ sectioning of surgical specimens, especially
in laryngeal and hypopharyngeal cancers [9], which allowed
for an expanded understanding of disease spread patterns
since these whole organ sections highly correlated with what
was seen on even the earliest of the CT images at the begin-
ning of the age of modern head and neck cancer imaging.
These and other following observations are the foundational
knowledge that inform a diagnostic radiologist, who wishes
to become a true master student of these diseases and eventu-
ally expert enough to be a valued multidisciplinary team
member.

The recorded experiences of these pioneers will be sum-
marized in terms of the indispensable pathoanatomic local

and regional spread of disease. Whether you explore these
referenced materials in detail (which is highly recommended)
or rely on more current interpretations of these experiences
in textbooks on this topic [13], this knowledge is requisite
for the acquisition of expert-level performance in the domain
of head and neck cancer image interpretation. These obser-
vations are fundamental to treatment planning and, therefore,
mandatory for image interpretation and proper reporting.
The specific origins of this knowledge that must be mastered
include:

Evaluation of the Primary Site

1. For anatomic patterns of local disease spread in cancers
of the oral cavity and oropharynx, the writings of Martin
[5], Conley [8], Lederman [11], and Ballantyne [7, 2] are
essential reading.

2. For cancers of the hypopharynx and larynx, a study of the
writings of Kirchner [9] supported by his extraordinary
whole organ sectioning of excised specimens is an indis-
pensable resource.

3. For anatomic patterns of local disease spread in parotid
cancer and facial nerve vulnerability in surgical treat-
ment, the writings of Conley [8] are an indispensable
resource.

4. For anatomic patterns of local disease spread in cancers
of the nasopharynx, the writings of Lederman [10] are an
essential treatise.

Perineural Spread

1. Evaluation of perineural spread of cancer initially appre-
ciated in the writings of Dodd [14]

2. Substantially augmented by experience in the modern
imaging era with reported experience in the perineural
spread of cutaneous malignancies [15] by J Batsakis in
the pathology literature [16].

Regional Adenopathy

1. Anatomy: The foundational anatomical material for
this, the work product in the writings of Rouviere [3]
in thel930s augmented by Haagensen [17] in the
1970s.

2. Anatomy as altered by prior treatment: The truly extraor-
dinary work in the MD thesis on cervical lymphangiog-
raphy by Ugo Fisch [18] in 1966 fully documenting
alterations in the spread of regional nodal disease due to
surgery and/or RT. This work presents extraordinary
concepts that must be taken into account both in initial
and salvage treatment planning initially as well as in the
context of surveillance imaging. This work is a must
read and is the only work of its kind available. The
observations of Fisch have been fully verified by our
experience with CT and MRI over the last several
decades [19].
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3. Patterns of adenopathy that occur in squamous cell cancer
of the oral cavity, oropharynx, larynx, and hypopharynx.
(a) The risk of associated regional disease by primary

site was established in the 1970s [20] and further sub-
stantiated in the 1980s [21] by our clinical colleagues
working with pathology experts.

(b) The work by Ballantyne [12] concerning the recogni-
tion and significance of retropharyngeal metastatic
adenopathy in oral cavity and oropharyngeal cancer
has subsequently saved untold amounts of unneces-
sary surgical morbidity when this pattern of adenopa-
thy is confirmed on CT or MRI at these primary sites.

(c) These studies of excised surgical specimens were
done before the era of widespread combined surgery
and preoperative RT, and eventual chemotherapy
altered the natural history of the all- important
regional component of head and neck cancer spread.
In that way, they are the most significant resources
that allow anticipation of metastatic nodal risk
beyond those available from any current imaging
study.

(d) The recognition of the prognostic significance of
extranodal extension especially when associated with
carotid artery encasement or deep neck fixation by
many authors.

1.4  Perspectives on Current Appropriate
Use of Diagnostic Imaging in Head

and Neck Cancers

This section represents the current practice of head and neck
cancer imaging at the University of Florida College of
Medicine in Gainesville, Florida. The imaging approaches
suggested certainly may differ in other practices and the fol-
lowing suggestions may stimulate debate about preferred
alternative approaches. There is no absolute right or wrong
in such debate. The only truths are that expert professional
behavior in planning and interpreting these studies must
implement a knowledge of the potential spread patterns of
this disease, generate and report the data necessary to make
informed treatment decisions for our own referring clinician
base, and in these pursuits, do the best we can for patients
while respecting our responsibility for proper resource
utilization.

1.4.1 Evaluation of the Primary Site

and Perineural Spread

In general, contrast-enhanced CT of the maxillofacial region
and neck performed in a balanced vascular phase is the pre-
ferred initial imaging examination for head and neck cancer.

This study will show the soft-tissue extent of disease and
related bone or cartilage invasion adequately for treatment
planning in the vast majority of patients. Unavoidable degra-
dation due to dental-related artifacts will sometimes limit the
evaluation of soft-tissue extent in oral cavity and oropharyn-
geal cancer and also when necessary MRI can be used as a
supplement.

The major exception to this is the superiority of MRI in
showing the full extent of perineural spread of tumor. When
perineural spread is in serious question and the presence or
exclusion of imaging visible perineural cancer will alter
treatment plans, MRI is used as a supplemental study.

Another exception may be nasopharyngeal cancer where
MRI can certainly suffice entirely for primary and regional
disease. In some cases, MRI is more informative than CT for
evaluation of the primary site, especially with regard to peri-
neural and intracranial spread. MRI may even be superior in
evaluation of early skull base involvement in selected cases.
Nasopharyngeal cancer disease differs biologically from
squamous cell cancer of the oral cavity, oropharynx, larynx,
and hypopharynx, and detailed evaluation of the regional
disease is less critical in treatment planning.

The value of FDG-PET/CT as a routine pretreatment
evaluation study with regard to the primary site varies with
the particular clinical practice. In some practices, this expen-
sive and somewhat complex study is considered an important
tool for determining the possible radio responsiveness of
tumor as well as providing added value in defining clinical
and treatment planning target volumes. Other practices view
the routine use of FDG-PET as an added and unnecessary
expense for initial treatment planning. A full discussion of
this variation in practice habits is beyond the scope of this
chapter. It is my opinion that this test should only be used
very selectively in pretreatment planning of head and neck
cancers.

1.4.2 Regional Adenopathy

Contrast-enhanced CT in a balanced vascular phase com-
bined with a maxillofacial CT represents the best overall
approach to imaging of regional disease in the majority of
head and neck cancers. Such a study provides all the infor-
mation necessary for locoregional treatment decision-
making in a high percentage of patients. Done with proper
protocols, the morphologic rendering of early metastatic
adenopathy 1is clearly superior with CT since CT is more
likely to show focal metastatic defects in normal size nodes
consistently better than any other anatomic imaging study.
The ongoing controversy with regard to the best approach
to identify subclinical nodal metastatic disease will be dis-
cussed in a subsequent section of this chapter. At this point,
it suffices to say that routine use of FDG-PET for nodal stag-
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ing is not cost justified. While FDG-PET may reveal sub-
clinical disease, such a discovery typically will not alter the
treatment plan or outcome as established by clinical factors
and the anatomic imaging studies employed for the initial
evaluation of a known cancer. Moreover, no currently avail-
able imaging study can supplant the knowledge of the known
risk of subclinical disease revealed in the studies of excised
neck specimens in the 1970s and 1980s [20, 21]. Those risks
must be accounted for, depending on the primary site in any
rational treatment plan independent of imaging findings.
MRI anatomically can be used as a supplemental imaging
study for confirmation of subtle retropharyngeal adenopathy
and in situations where the risk of carotid artery encasement
or deep neck fixation is the equivocal on a CT study and
determination of that status will alter the treatment plan.

1.4.3 Distant Metastases

The need for evaluation of distant metastases is generally
determined by the ordering clinical service. Occasionally,
findings on initial head and neck imaging will suggest a
higher risk that might be anticipated clinically. Such findings
include, but are not limited to, occult low neck and supracla-
vicular adenopathy especially in the scalene nodes as well as
unanticipated aggressive morphology of primary tumor and
extranodal spread patterns of disease suggesting biological
aggressiveness of the cancer.

The typical evaluation for distant metastases may be lim-
ited to a chest CT study but will often include whole body
FDG-PET. There is also a rational basis for the use of either
or both of these studies in patients who have multiple risk
traditional factors for head and neck cancer including exces-
sive alcohol use and smoking because of the association of
second primary tumors especially of the lungs. This rationale
does not include the HPV-related risk factor.

1.4.4 Surveillance

The initial choice for surveillance in majority of head and
neck cancers is an anatomic study, typically contrast-
enhanced maxillofacial and neck CT. The choice of CT is
especially indicated when bone invasion or bone-related
complications may be an issue in detection of disease or
assessing for complications involving bone.

In nasopharyngeal and parotid cancer or when perineural
spread is the primary concern, MRI is clearly the preferable
anatomic imaging choice.

The use of FDG-PET for evaluating initial primary tumor
responsiveness varies with clinical practice. In some prac-
tices, it is used to determine whether postradiation neck sal-
vage will be instituted when a primary curative radiotherapy

or chemoradiation plan is in place and the neck is considered
at relatively high risk for persistent or recurrent disease.
FDG-PET maybe used as a supplement in surveillance when
anatomic imaging shows focal suspicious changes. Because
of its relatively high negative predictive value, FDG-PET can
encourage a reasonable wait-and-see approach with short
interval anatomic imaging follow-up if salvage therapy for
cure is a viable option. In the setting of suspicious anatomic
findings and a positive FDG-PET study, decision-making is
usually between short interval anatomic imaging follow-up
or an imaging directed biopsy of the suspicious site, if the
biopsy is at low risk for creating unwanted complications
such as mandibular or laryngeal osteoradionecrosis. These
already well-established practice trends have been embodied
appropriately in the ACR NI-RADS guidelines.

1.5  Perspectives on Pitfalls, Distractions,
and Ongoing Controversies in Head

and Neck Cancer Imaging

The intent of this section is to put into perspective issues that
have been constantly or newly raised in the literature over the
last 40 years. These issues mainly focus on the potential
value of imaging improving tissue specificity or other diag-
nostic tasks that might help in treatment planning and per-
haps outcomes of patients with head and neck cancer. Some
of the suggestions in the literature over the years have had a
positive effect on these goals. Others represent a time invest-
ment on the part of the diagnostic radiologists that produces
no marginal benefit toward altering medical decision-making
or outcome. Use of these suggestions that do not alter the
decision-making process may inappropriately commit
human resource time as well as financial resources in a time
in medicine when this is likely not an affordable option in the
context of routine clinical care.

As with the suggestions for how to create structured
reports or how to conduct a practice in head neck cancer
imaging earlier in this chapter, some of this discussion would
legitimately raise debate. The intent of presenting the offer-
ing of the following perspectives is to provide advice, based
on 40 years of ongoing practice in this field to those who
might wonder whether they can offer more to improve
patients’ outcome based on new inquires and reported data.

1.5.1 Pitfall: Forgetting the Fundamentals

An example of this was the urgently published experience of
unexpected regional parotid node failure in patients irradi-
ated with IMRT techniques for nasopharyngeal and oropha-
ryngeal cancers with related nodal metastatic disease in 2007
[22, 23]. The IMRT planning in that report did not take into
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account the risk of re-routing of lymphatic drainage to the
parotid nodes in the tonsillar cancer with ipsilateral cervical
adenopathy based on knowledge available from Fisch’s work
[18]. The IMRT planning in the nasopharyngeal cancer
patients either did not take into account possible re-routing
of lymphatic flow due to related capillary obstruction from
the presence of cervical adenopathy and/or by not consider-
ing knowledge from the writings of Rouviere [3] that here
are variably present direct capillary lymphatics from the
nasopharynx to the parotid lymph nodes. The IMRT tech-
nique thereby lowered the dose to the parotid nodes with the
desire to reduce radiation sialoadenitis and gland atrophy
and its unpleasant side effects but resulted in an “unusual” or
“rare” pattern of failure for those primary sites.

Fundamental knowledge cannot be forgotten or ignored
as we adopt newer and well-meaning alterations to previous
therapies that had been proven over time not to encumber
such a risk of and unusual failure pattern. The intent of spar-
ing morbidity by adopting new approaches to therapy is
admirable since morbidity is unfortunately not entirely
unavoidable in the treatment of head neck cancer. Limiting
treatment morbidity is a strong driving force for those who
wish to advance the field. The fundamental natural history of
the disease and its alterations due to therapy must be consid-
ered and studied to avoid circumstances similar to what
occurred in these patients. If this ignorance of fundamental
knowledge happened with the three patients in this report
[22, 23], in a very sophisticated practice, it begs the question
of what is happening on a more comprehensive scale in prac-
tices throughout the world. Even after this report, it appears
that the “lessons learned” in this honestly reported unfortu-
nate situation [22] still need to be learned unless a 4 or 5%
failure rate in patients with otherwise curable disease is
acceptable [24]. This is why it is so important for those who
rely on imaging for planning to understand the original
teachings of Rouviere [3] and Fisch [18] and others dis-
cussed earlier in this chapter and become students of the dis-
ease and not advocates for new techniques without
considering this “old” knowledge.

Another example of neglecting the foundational early
knowledge provided by surgeons in this field from the 1940s
through the 1980s is evident in the relatively recent adoption
of transoral resection (TORS) of oropharyngeal cancers,
mainly those of the tonsil and tongue base. The advent of
robotic surgery became a technique looking for indications.
In head and neck surgery, robotic surgery found its home in
this TORS domain. This led to a high level of adoption of this
technique, perhaps prematurely, and without due consider-
ation of the teachings of early pioneers in head and neck sur-
gery with regard to the margins of tumor clearance. A
significant number of patients following primary tumor resec-
tion using a robotic TORS approach required definitive radio-
therapy after the TORS robotic procedure. Radiotherapy or a

chemoradiation protocol would have been curative alone in
the vast majority of these patients. Considering the spread
patterns described by clinical colleagues and students of this
disease such as Ballantyne, MacComb, Jesse, Martin, Conely,
Lederman, and Fletcher [5-8, 10, 11] perhaps some study of
imaging predictability of adequate margins, prior to wide-
spread adoption of this technique, would have been in order.
Would it have initially, based on those writings, better to con-
sider that the penetration of the constrictor muscles of the
pharynx to involve the parapharyngeal and retropharyngeal
spaces to be a predictor of lack of adequate clearance of surgi-
cal margins? Could modern imaging especially with MRI
reasonably predict penetration of the pharyngeal constrictor
thus avoiding positive margins requiring definitive RT or
chemoradiation salvage? Prospective evaluation considering
the historical knowledge spread patterns combined with mod-
ern imaging capabilities may have, and still may, avoid situa-
tion of significant expense and morbidity of a larger surgical
procedure than biopsy in many instances. Thoughtful atten-
tion to the teachings of our clinical colleagues who were pio-
neers in this field perhaps can avoid such pitfalls.

1.5.2 Potential Distraction: Tissue Specificity
from Imaging Studies

The quest to derive tissue-specific information from diagnos-
tic imaging studies is laudable. The intended variety of imag-
ing approaches to this end suggested to be of potential value
in several decision-making domains including: initial histo-
logic diagnosis of masses that may represent primary cancers,
regional lymph node metastasis diagnosis, and predictability
of radio responsiveness of tumors and confident differentia-
tion of post-treatment scarring and other reactive changes
from recurrent cancer. The following list represents the physi-
ologic data that can be derived from imaging studies as poten-
tial aids in improving tissue specificity:

1. CT and MRI perfusion including wash in and wash out
characteristics

. MR diffusion-weighted imaging

. MR spectroscopy

. Dual energy CT

. PET/CT with FDG and perhaps more tumor-specific met-
abolic tracers

W B~ W

The only one of these which has proven reasonably useful
in some situations is FDG-PET/CT. The rest remain tech-
niques that require a substantial postprocessing and intense
physician analysis of images, more scanning time on the
unit, and more technologist input with regard to creation of
datasets suitable for efficient analysis by the diagnostic
radiologist.
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Some of these suggested techniques are not useful, even
aside from the human resource and perhaps direct financial
costs, simply because they do not advance the treatment
planning process that leads to a measurable improvement in
outcome. In other settings an important reason for avoiding
additive, but not meaningful data gathering, is that there is
simply no reliable physiologic marker or surrogate that can
replace tissue sampling or a strategy of watchful waiting
with short interval anatomic imaging follow-up, depending
on the clinical situation. Tissue sampling is safe and rela-
tively easy using current imaging guided capabilities and has
few pitfalls; the main one being situations where cases with
low index of suspicion one avoids biopsies that may induce
osteonecrosis of the mandible and/or osteonecrosis of an
otherwise functional and disease-free larynx.

With regard to FDG-PET/CT (and perhaps PET/CT with
more tumor-specific agents), there still is significant overuse
of this technology. This is mainly because of this being one
more nonspecific surrogate for tumor, based on metabolic
activity. This technique became one of the initial indications
for payment for PET as it replaced much of SPECT tumor
imaging with FDG. That socioeconomic circumstance led to
an ill-advised, ubiquitous, initial overuse of this technique in
many patients presenting with head and neck cancer who did
not need to study as part of their initial evaluation. This over-
use persists to this day. While this technique can provide
incremental data in some cases it is highly unusual that, as
part of the initial evaluation, such incremental data will alter
the treatment plan or even less so outcome.

There is a risk of other primary tumors (especially lung
cancer) to arise in patients with risk factors for head and neck
cancer; however, the question remains whether using FDG-
PET for such a screening purpose is reasonable in all patients
presenting with a known head and neck cancer.

With regard to the infrequent circumstance of identifying
an occult primary pharyngeal cancer responsible for cervical
adenopathy, FDG-PET offers only marginal improvement in
diagnosis over the combination of well done and interpreted
anatomic imaging and speculative or imaging directed
biopsy of the tonsil and tongue base.

FDG-PET/CT is useful as a post-treatment surveillance
tool; however, the technique is associated with a significant
false positive rate related to metabolic activity which is
often present as a result of reactive post-treatment changes.
This is combined with the limitation of all imaging studies
of not being able to detect low-volume macroscopic and
microscopic disease in treatment beds. The balance between
the use of this technique, clinical risk assessment, and
imaging directed biopsy versus short interval follow-up
was discussed earlier in this chapter with regard to surveil-
lance issues. There is a reasonable approach to the surveil-
lance role of FDG-PET/CT in the current ACR NI-RADS
guidelines.

1.5.3 Ongoing Controversy: What Is the Best
Imaging Study to Detect Regional
Adenopathy?

Hayes Martin put the logical approach to surgical treatment
of regional adenopathy in head neck cancer into clinical prac-
tice in the 1940s [5]. In 1970s and early 1980s, Lindberg and
then Byers clearly defined the risk of subclinical neck disease
and cancers of the oral cavity, oropharynx, larynx, and hypo-
pharynx [20, 21]. The central argument in this longstanding
controversy is whether there is an ideal imaging suite of tools
that can definitively diagnose subclinical neck disease. A cor-
ollary argument being, can the results of such imaging be sub-
stituted for well-established, pathologically confirmed risk
patterns of cervical metastatic disease in head and neck can-
cers in the clinical decision-making process [20, 21]. The
simple answer to both questions is no. Imaging data is useful
in planning and surveillance of regional nodal metastases but
traditional knowledge about risk based on primary site should
be the prime determinant of the basic approach to treatment
of the neck combined with taking into account most appropri-
ate choice of therapy for primary site management.

Since the earliest experience with the CT evaluation of
cervical lymph node metastases, the question of whether
imaging can improve on the clinical examination for treat-
ment planning has been established [19]. CT imaging, even
early in development, was at the outset proven to be an
improvement over the physical examination. In addition, it
was shown to be a major breakthrough with regard to the
detection of nonpalpable lymph node groups such as the ret-
ropharyngeal lymph nodes, the importance of that group of
nodes, and the retrostyloid group being first introduced by
Ballantyne in the 1960s [12]. Subsequently, CT was con-
firmed in many following studies to be able to detect mor-
phologically abnormal lymph nodes in groups one through
six not clearly positive on physical examination as well as
the presence and extent of extranodal extension. MRI has the
same general capability of CT only with less overall accu-
racy, and MRI is typically not the initial study of choice in
evaluating head neck cancer.

Other approaches to improving the accuracy of diagnosis
of subclinical nodal disease proposed as possibly making a
difference in treatment planning or treatment outcome
include:

1. Physiologic parameters that may be derived from CT and
MRI including perfusion data, dual energy CT data, and
MRI diffusion-weighted imaging and spectroscopy.
These were discussed earlier in this section and really are
noncontributory to the routine practice of head neck can-
cer imaging for nodal staging.

2. Ultrasound with ultrasound directed biopsy of suspicious
nodes: this technique is time-consuming, not patient
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friendly and not shown to produce significant outcome or
treatment planning benefit and is now relegated to niche
use rather than as part of routine in initial staging as origi-
nally proposed.

3. Lymphoscintigraphy: this is mainly used in selected skin
cancers.

This particular now 35 year-long controversy has likely
reached a steady-state with contrast-enhanced CT of the
neck combined with maxillofacial CT study as the basic
approach to staging primary and regional disease. That
approach can, in selected circumstances, be supplemented
with MRI especially with regard to the detection of equivo-
cal retropharyngeal lymph nodes and the extent of extrano-
dal disease that might be showing equivocal carotid or deep
neck fixation on CT.

Perhaps the future of tumor genetics or serum biomarkers
will provide further insight into targeted therapies for both
the primary site and regional disease and advance this dis-
cussion beyond the capability of modern imaging.

1.5.4 New Controversy: Is Routine Post-
treatment Surveillance Justified?

The value of post-treatment surveillance should be measured
against the likelihood of an effective “salvage” strategy. This
risk-benefit analysis has become a more complex issue
recently because targeted therapy options depending on both
patient and tumor biology can be used to “manage” persis-
tent disease as opposed to approaching salvage of a recur-
rence strictly with curative intent or supportive care only. It
is important to remember three fundamental unanswered
questions with regard to the value of surveillance imaging:

1. There is no uniform agreement about the preferred ana-
tomic study of choice. Strategy with regard to this choice,
as it exists in our practice, was discussed earlier in the sec-
tion on surveillance and surveillance-related reporting.

2. There is no generalized agreement about the use of FDG-
PET/CT. In our practice, it is used mainly for targeted
problem-solving. It is part of the follow-up algorithm for a
decision of whether to do a post RT or post chemoradiation
neck dissection in patients who are categorized as high risk
for neck failure during initial treatment decision-making
for a primary amenable to RT or chemoRT control.

3. There is no agreed upon, much less proven, approach to
appropriate surveillance intervals with a chosen imaging
modality. The ACR NI-RADS guidelines do suggest
appropriate intervals but these are not supported by pro-
spective properly controlled studies. Some additional
suggestions follow but reflect mainly how current prac-
tice is conducted rather than evidence-based practice.

4. There is no proof that surveillance has a significant over-
all survival benefit.

In spite of the four factors just presented, there is a clearly
common and increasing trend to obtain a baseline anatomic
study 3 months following the completion of all therapies. If
the baseline study findings are consistent only with expected
post-therapy changes, then typical follow-up intervals appear
to be at 6 months, then 1 year. If findings remain stable over
the first year, then follow-ups are extended to yearly intervals
up to a total of 3 years.

When baseline studies are suspicious, a shorter interval
follow-up with anatomic imaging interval of 3 months is
typically adopted, and then depending on the stability of any
worrisome findings, a tailored strategy emerges for most
patients. These tailored strategies eventually tend to resem-
ble those for more routine surveillance strategies just
described once the findings are shown to be stable.

Of course, these practice trends are altered in the case of
patients who become symptomatic. This is especially true of the
occurrence of pain, progressive cranial nerve deficits, or signs
and symptoms may be related anatomically to the primary site
or nodal recurrence. Unfortunately, symptomatic recurrences
tend to be less amenable to treatment by curative intent typically
ending up in the category of recurrence management with the
intent to control progression as much as possible.

Those who have a significant amount of surveillance in
their practice of imaging of head and neck cancer will real-
ize there is a substantial amount of heterogeneity in these
imaging surveillance ordering practices. Some of the het-
erogeneity may be rationally based on clinical concerns and
some may be on the basis of a patient’s “need to know”.
There is simply no reliable data to sort out the rationale for
the heterogeneity of current practice trends or surveillance
provides any tangible benefit beyond patient reassurance in
most cases.

If surveillance strategy regimens are adopted, 3 years of
follow-up should prove adequate in the vast majority of head
neck cancer, since 95% of recurrences will appear within
2 years. Some cancers have a different and more prolonged
outside risk of recurrence and those plans can be
individualized.
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Abstract

Our knowledge of nasopharyngeal carcinoma (NPC) is
rapidly changing. This article is a snapshot of the present
state of NPC imaging in relation to the latest staging sys-
tem, current standards of care, and treatment complica-
tions. The article’s emphasis on pathophysiology and
important radiological anatomy will improve the interpre-
tation of radiological findings and allow the radiologist to
optimize the role of imaging in a multidisciplinary team.
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2.1 Introduction

Nasopharyngeal carcinomas (NPC) are different from other
head and neck malignancies in many ways: epidemiology,
aetiology, histology and even treatment. For the radiologist,
incidental detection of an NPC is not uncommon and the
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nasopharynx should always warrant close review (Figs. 2.1
and 2.2).

While rare in most parts of the world (0.6% of all cancer),
NPC is found in high frequency in Southern China, Hong
Kong, South-East Asia, and northern Africa, with these
regions contributing over three quarters of newly diagnosed
cases in 2012 [1]. Even within these endemic geographical
clusters, there is a pronounced racial-ethnic bias. In South
China for instance, exaggerated numbers are seen in the
Cantonese population, where incidences of >20 per 100,000
person-years among males, double those in other dialect
groups. Another example is the Bidayuh tribe in Sarawak,
who are also unequally affected. Even mixed-race popula-
tions who report South Chinese ancestry show increased
risk, while ethnicities with almost no intermingling with the
Chinese (e.g., Indian Singaporeans) report low incidences [2,
3]. The results of these population studies point to an obvi-
ous genetic and epigenetic basis for the pathogenesis of
NPC, and it was only through the early works of researchers
including Epstein, Barr, Old, De Schryver, Zur Hausen, and
Wolf that we can now link viral oncogenesis, and in particu-
lar the Epstein-Barr virus (EBV) with the development of
NPC.

2.2 Anatomy

The nasopharynx is a post-nasal space that is limited anteri-
orly to the posterior edge of the nasal septum and inferiorly
by the soft palate and an opposing pharyngeal muscular
ridge known as Passavant’s ridge (seen during swallowing).
The lateral walls are formed by the upward continuation of
the superior constrictor muscles (i.e., the pharyngobasilar
fascia), while the sloping roof is formed in part by the sphe-
noid sinus, basisphenoid, and clivus. The nasopharynx is
also in communication with the middle ear via the Eustachian
tube. Some of the anatomical landmarks are shown in
(Fig. 2.3), while other relevant anatomy will be discussed
later in relation to staging.
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Fig. 2.1 Nasopharyngeal carcinoma. (a) Lateral neck radiograph with an incidental mass (dashed line) filling the posterior nasal space, (b)
Sagittal T1 FLAIR, and (¢) axial T1 post contrast images confirm a large nasopharyngeal carcinoma (solid arrow) invading the deep neck spaces

Fig. 2.3 Axial T1 image of the nasopharyngeal anatomy: lateral ptery-
goid muscle (LP); medial pterygoid muscle (MP); fossa of Rosenmuller
(FoR); Eustachian tube opening (ET); Torus tubarius (TT); nasal septum
(NS); longus capitis muscle (LC); levator veli palatini (LVP); tensor veli
palatini (TVP); internal carotid artery (ICA); pterygoid process (PP)

Fig. 2.2 Early nasopharyngeal carcinoma. Axial T2 image showing
subtle increased signal at the left fossa of Rosenmuller (solid arrow).
Subsequent endoscopic biopsy confirmed a nasopharyngeal carcinoma
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2.3  Pathology

NPC is considered squamous in origin, but is often inter-
spersed with lymphoid cells, giving rise to the term lympho-
epithelioma. These NPC epithelial cells are unique, as they
were the first discovered non-lymphatic cells to carry the
EBYV genome [4-6]. Since this discovery, population-based
studies have found the virus consistently in nearly all NPC
cells [7, 8], with the undifferentiated NPC subtype showing
the highest viral association [9].

While latent EBV gene products are seen in all tumour
cells, it is starkly absent from the surrounding lymphoid
infiltrate [10]. Further analysis by Raab-Traub et al. [11]
later showed that the EBV genome within the tumour was
monoclonal, proving that the EBV infection precedes the
growth of malignant cells and likely plays a direct role in the
oncogenesis of nasopharyngeal carcinomas.

This oncogenic cascade is poorly understood and beyond
the scope of this chapter, although it is worth noting that the
interaction between both the EBV-infected epithelium and
lymphoid stroma appears crucial for the clonal expansion of
malignant cells [12].

Based on the World Health Organisation (WHO) 1991
classification, NPC is grouped into keratinising squamous
cell carcinoma (KSCC) and non-keratinising carcinoma,
which is further divided into non-keratinising differentiated
carcinoma (NKDC) and non-keratinising undifferentiated
carcinoma (NKUC) [13]. In endemic high risk areas, non-
keratinising carcinoma make up 95% of cases [14], while the
keratinising type is more common in low-risk areas [15].

2.4  AJCC/UICCTNM Classification

The American Joint Committee on Cancer (AJCC) and the Union
for International Cancer Control (UICC) TNM classification is an
anatomically driven staging system that uses epidemiological sur-
vival data to retrospectively identify prognostic anatomical fea-
tures that impact survival. The staging of disease then allows a
reproducible and objective way of determining treatment strate-
gies. This cycle of staging, treatment, and survival are interdepen-
dent, and a change in one will affect the others.

The 7th edition of the AJCC TNM classification pub-
lished in 2009 was based on survival data from two-
dimensional radiotherapy (2D-RT), which has since been
superseded by Intensity-modulated radiotherapy (IMRT) as
the primary curative treatment for NPC. IMRT confers
increased disease-specific survival (DSS) (85% with IMRT
vs. 78% with 2D-RT) and overall survival (OS) (80% with
IMRT vs. 71% with 2D-RT) that is consistent across various
studies [16, 17]. A meta-analysis by Blanchard [18] further
showed that the addition of concomitant chemotherapy to
radiotherapy significantly improved DSS and OS in locore-
gionally advanced NPC.

The impact of these new treatment methods on survival
outcomes questioned the utility of the 7th edition staging sys-
tem. Not surprisingly, various studies later confirmed dimin-
ished survival benefits when applying the outmoded 7th
edition to NPC treated with IMRT [19-21]. We are now onto
the 8th edition, which was implemented in January 2018, and

this will be used for the purpose of this text (Table 2.1).

Table 2.1 Changes in T classification of the American Joint Cancer
Committee staging of nasopharyngeal carcinoma

AJCC 7th edition AJCC 8th edition Changes
TX | Primary tumour | TX |Primary tumour
cannot be cannot be assessed
assessed
TO | Noevidence of |TO | No tumour identified, | EBV+ nodes
primary tumour but EBV-positive without a
cervical node(s) primary
involvement source
presumed to
be from the
nasopharynx
T1 | Tumour T1 | Tumour confined to
confined to the nasopharynx, or
nasopharynx, or extension to
tumour extends oropharynx and/or
to oropharynx nasal cavity without
and/or nasal parapharyngeal
cavity without involvement
parapharyngeal
extension
T2 | Tumour with T2 | Tumour with Medial
parapharyngeal extension to pterygoid,
extension parapharyngeal lateral
(posterolateral space, and/or pterygoid,
infiltration of adjacent soft tissue pre-vertebral
tumour) involvement (medial | muscles
pterygoid, lateral down-staged
pterygoid, pre- to T2 from
vertebral muscles) T4
T3 | Tumour T3 | Tumour with Clarification
involves bony infiltration of bony of bony
structures of structures at skull structures to
skull base and/ base, cervical include
or paranasal vertebra, pterygoid cervical
sinuses structures, and/or vertebrae,
paranasal sinuses pterygoid
plates, skull
base, or
paranasal
sinuses
T4 | Tumour with T4 | Tumour with
intracranial intracranial
extension and/ extension,
or involvement involvement of
of cranial cranial nerves,
nerves, hypopharynx, orbit,
hypopharynx, parotid gland, and/or
or orbit, or with extensive soft tissue
extension to the infiltration beyond
infratemporal the lateral surface of
fossa/ the lateral pterygoid
masticator muscle
space
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2.5 MRI Staging of the Primary Tumour
(T-Classification)
2.5.1 TOandT1

Tumour confined to nasopharynx, or extension to orophar-
ynx, and/or nasal cavity without parapharyngeal involve-
ment: The normal nasopharyngeal mucosa is thin and lined by
lymphoid tissue. This can appear enlarged in young children
and also in adults who smoke or suffer chronic rhinosinusitis
[22]. As MRl is very sensitive in detecting small changes in the

nasopharynx [23], a common radiological problem is differen-
tiating nasopharyngeal lymphoid hyperplasia (NPLH) from
early NPC (Fig. 2.4). Some features favouring NPLH may
include: diffuse symmetrical thickening, vertical stripes on
post-contrast T1-weighted (T1W) sequences, homogenous
enhancement, mucosal bubbles, retention cysts, and serrated
protrusions (Fig. 2.5) [24, 25]. However, endoscopic biopsy
remains the best way of excluding NPC. MRI is often the first
modality to detect small obscured tumours or those that are
entirely submucosal [23], so any mucosal asymmetry should
be assessed properly (Fig. 2.6).

Fig. 2.4 Lymphoid hyperplasia mimicking an NPC. (a) Axial FDG
PET/CT and (b) axial T2 fat saturated images showing a bulky naso-
pharynx (solid arrow) retropharyngeal nodes (thin arrows) and right

posterior cervical lymph node (open arrow), with intense FDG avidity.
Endoscopic biopsy showed this to be lymphoid hyperplasia

Fig.2.5 Nasopharyngeal lymphoid hyperplasia. (a) Axial T1 post con-
trast and (b) axial T2 fat saturated images showing symmetrical muco-
sal thickening with vertical stripes (thin arrow), serrated margins (solid

arrow), mucosal bubbles, and retained mucous (open arrow) that are
characteristic of lymphoid hyperplasia
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Fig. 2.6 Synergy of MRI and endoscopic assessment. MRI images  (Row a) Early right NPC (solid arrow) confined to the mucosa. (Row b)
(left column) and corresponding endoscopic pictures (right column)  Early left infiltrative NPC (solid arrow) and (Row ¢) Large right exo-
highlighting the importance of evaluating even subtle asymmetries.  phytic NPC (solid arrow) filling the nasopharynx
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The 8th edition now includes TO when EBV-positive
nodes are found in the absence of a primary lesion, presum-
ing a nasopharyngeal origin. In T1 disease, the NPC is con-
fined to the nasopharynx and arises most commonly within
the fossa of Rosen Miiller (FoR), a deep recess within the
lateral nasopharynx that is posterior to the opening of the
Eustachian tube (Fig. 2.3) [26]. This affinity for the FoR
may be due to high concentrations of intermediate epithe-
lium (a transitional zone between ciliated respiratory and
squamous epithelium) that is particularly vulnerable to
oncogenic stimuli [27]. Another area with dense intermedi-
ate epithelium is the nasopharyngeal roof.

An important anatomical structure to know is the pharyn-
gobasilar fascia (PBF) [28]. It is a thick non-expansile apo-
neurosis between the mucous and muscular layer that
attaches the pharynx to the skull base (hence its name) and
acts as a barrier to the spread of NPC (Fig. 2.7). It maintains
the shape of the nasopharynx and it thins caudally as the
superior constrictor muscles come in. The Eustachian tube
passes through the sinus of Morgagni within the PBF into the
nasopharynx. The PBF also contains the levator veli palatini
muscle (LVPM), which is inferior to and controls the open-
ing of the Eustachian tube. The tensor veli palatini muscle
(TVPM) however is outside the PBF in the parapharyngeal
space (PPS), so identifying these muscles will help identify
the limits of the PBF. NPC that is confined by the PBF is a
classified T1 disease. Since the 8th edition designates tumour

Fig. 2.7 Attachment of the pharyngobasilar fascia (dotted yellow line)
to the pharyngeal tubercle (PT) on the occipital bone, behind the fora-
men lacerum (orange area), petrous bone just anterior to the carotid
foramen (CF), cartilaginous Eustachian tube (blue area), and the free
border of the pterygoid plate, known as the hamulus (H)

spread to the nasal cavity and oropharynx as T1 disease
(Fig. 2.8), clear anatomical delineation of these spaces will
not be discussed in this text.

252 T2

Tumour with extension to parapharyngeal space and/or
adjacent soft-tissue involvement (medial pterygoid, lateral
pterygoid, pre-vertebral muscles): T2 disease comprise of
tumour that has spread past the PBF into the parapharyngeal
space and/or adjacent soft tissue (medial pterygoid, lateral
pterygoid, pre-vertebral musculature). As mentioned before,
involvement of the TVPM is T2 disease (Fig. 2.9).

The parapharyngeal space (PPS) is a fibrofatty space lat-
eral to the nasopharynx that is best identified on the TIW
sequence (Fig. 2.8). It is divided into the pre-styloid and
post-styloid compartments by the tensor veli palatini fascia
[29]. The post-styloid space is also called the carotid space
and contains the internal carotid artery, internal jugular vein,
sympathetic plexus and lower cranial nerves IX to XII.

The pre-vertebral space (PVS) contains the longus capi-
tis, longus colli, and rectus capitis muscles and is separated
from the pharyngeal mucosal space (PMS) by the thin fat-
filled retropharyngeal space (RPS). The RPS is further

Fig. 2.8 Axial T1 post contrast image showing a T1 NPC invading the
nasal turbinate (NT) and septum (S) but still confined by the pharyn-
gobasilar fascia (solid arrow). Small bilateral retropharyngeal nodes
(open arrow) should not be confused for pre-vertebral invasion. The
parapharyngeal space fat (white dotted line) is divided by the tensor-
vascular-styloid fascia (white dashed line)
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divided by the thin alar fascia into the proper RPS anteriorly
and the danger space posteriorly. While the proper RPS
obliterates somewhere between T1 and T6, the danger space
continues down to the diaphragm, providing a conduit from
the pharynx to the posterior mediastinum [30].

Fig. 2.9 T2 disease. Axial T1 post contrast fat saturated image show-
ing a left nasopharyngeal carcinoma invading the left pre-vertebral
space (open arrow) and medial pterygoid muscle (solid arrow)

PPS and PVS involvement are associated with increased
risk of distant metastases and tumour recurrence due to the
concentration of lymphatics and venous plexuses [31-33].
The inclusion of PVS involvement as T2 disease has received
some debate, where a study of 506 patients [34] showed that
NPC with PVS disease had similar OS and distant metastasis-
free survival (DMEFES) to T4 disease.

Infiltration of the medial and lateral pterygoid muscula-
ture were down-staged to T2 in the 8th edition due to studies
showing good prognosis compared with tumour spread lat-
eral to these muscles [35].

253 T3

Tumour with infiltration of bony structures at skull base,
cervical vertebrae, and pterygoid structures: Tumour
involvement of any bony structure or paranasal sinus is T3
disease. As NPC has a propensity for bony invasion, 60% of
patients are already T3 at diagnosis [36]. The clivus, sphenoid
body, pterygoid processes, and apices of the petrous temporal
bones are most commonly involved and are seen on the TIW
sequences as loss of the normal hyperintense fatty marrow
(Fig. 2.10). Disease extension into the marrow is worrying as
it is a route for haematogenous spread to the rest of the body
[37]. Even early sclerosis of the pterygoid process may be
enough to reflect tumour proximity or invasion [38].

The foramina and fissures within the central skull base
also offer a direct pathway into the cranium and include the

Fig. 2.10 T3 disease. (a) Axial T1 post contrast and (b) axial T1 images showing a nasopharyngeal carcinoma invading the pre-vertebral space
(dashed arrows) with infiltration of bony structures at the clivus (thin arrows) and pterygoid plates (dotted arrows)
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Fig.2.11 Foramen lacerum involvement. (a) Axial T1 and (b) Coronal
T1 post contrast images shows a right nasopharyngeal carcinoma (white
dotted area) invading the foramen lacerum (dashed arrow) into the right

foramen ovale, foramen rotundum, Vidian canal, pterygo-
palatine fossa (PPF), petroclival fissure, jugular foramen,
and hypoglossal canal. The foramen lacerum lies within the
PBF and is directly below the internal carotid artery. Tumour
seen here should be considered intracranial and classified as
T4 disease (Fig. 2.11).

The pterygopalatine fossa is one of the most important
neurovascular junction in the deep face, linking the nasal
cavity (via sphenopalatine foramen), oral cavity (via ptery-
gopalatine canal and greater palatine canal), orbit (via infra-
orbital fissure), masticator space (via pterygomaxillary
fissure), and the middle cranial fossa (via foramen rotun-
dum). The PPF is seen as a fat-filled inverted pyramid
directly behind the maxillary sinus and is hyperintense on
T1W imaging, with occasional flow voids (from the internal
maxillary artery) and contrast enhancement (from emissary
veins) [39]. NPC enters the PPF via the sphenopalatine fora-
men, and approximately 15% of patients have PPF invasion
at time of diagnosis (Fig. 2.12) [40]. Chung et al. reported a
96.1% incidence of intracranial involvement once the ptery-
gopalatine fossa and foramen ovale were involved [41],
highlighting the importance of these channels.

Spread to the paranasal sinuses: Paranasal sinus invasion
is more contentious. Although the 8th edition classifies this as
T3 disease regardless of which sinus is involved [42], the
Chinese 2008 staging system (TNMc2008) classifies this as T4,
while authors like Zhang et al. contends that only ethmoid and
maxillary sinus invasion should be considered T4 [43]. This is
because the sphenoid sinus is relatively easily invaded as it sits
above the nasopharynx with no intervening fascia or muscle. A
small tumour load is enough to invade it, while the distant
sinuses require a much larger tumour volume, with often

cavernous sinus (open arrow). There is also loss of the normal marrow
signal within the clivus and right petrous bone (thin arrows)

Fig. 2.12 Pterygopalatine fossa involvement. Axial T1 image shows
soft tissue invading the sphenopalatine foramen (double arrow) with
widening and loss of the normal fat within the pterygopalatine fossa
(between dotted lines)

simultaneous involvement of the sphenoid sinus. Zhang et al.
showed that T3 disease with ethmoid or maxillary sinus inva-
sion had similar local relapse-free survival as T4 disease [43].

If the ethmoid air-cells are invaded, there may also be a
lower chance of shielding the optic nerves from the radiation
field [44]. On MRI studies, tumours will often show enhance-
ment and restricted diffusion, while mucous will not.
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254 T4

Tumour with intracranial extension, involvement of cranial
nerves: T4 involves the spread of tumour into the cranial vault.
As the skull base foramina offer paths of least resistance, the
cavernous sinuses and the dura at the floor of the middle cranial
fossa are typically involved first (20% vs. 5% to the cranial fossa
[41]). The cavernous sinus is of particular concern, containing
the trigeminal ganglion (ophthalmic and maxillary branches),
internal carotid artery and plexus, and multiple venous tributar-
ies including the ophthalmic and some cerebral veins.

Unlike other staging features, cranial nerve involve-
ment (CNI) is diagnosed clinically, with the majority of
cases presenting with upper CN palsies, particularly of
the trigeminal and abducens nerves [45]. CNI can be
detected on MRI. Some of the imaging features include:
abnormal thickening and enhancement of the nerve, wid-
ening and obliteration of the neural foraminal fat, atrophy
or hyperintensities within the affected musculature and
asymmetrical effacement of Meckel’s cave or gasserian
ganglion (Fig. 2.13) [46]. These features, however, are
also often seen in asymptomatic patients, and the decision

Fig. 2.13 Perineural disease. (a) Axial T1, (b) Coronal T1 post con-
trast, (¢) Axial T1 at the level of the yellow line in (b), and (d) Axial T1
post contrast images. This patient with a large left NPC (white dotted
area) has invaded the left mandibular branch of the trigeminal nerve
CNV3. This is seen as loss of fat around the nerve (dashed arrow) com-

pared with the normal parapharyngeal fat on the right (white dashed
area). There is also enlargement of the nerve (thick solid arrows)
through the foramen ovale and bulkiness of the left cavernous sinus
(thick open arrow). The normal right CN'V3 is shown in (a + ¢) as (thin
arrows)
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to classify this as T4 disease requires further evaluation.
Zong et al. recently showed MRI-detected CNI had no
effect on prognosis [46], while older studies suggested the
opposite [47].

Spread to the hypopharynx, orbit, parotid gland, and/
or extensive soft-tissue infiltration beyond the lateral sur-
face of the lateral pterygoid muscle: An important change

C.Yongetal.

in the AJCC 8th edition is the subdivision of masticator
space involvement. In the 7th edition, this space was desig-
nated as T4 disease. However, after Pan et al. [35] reported
good prognosis of lateral pterygoid involvement compared
to disease beyond these muscles, only disease lateral to the
lateral surface of the lateral pterygoid muscle is now classi-
fied as T4 (Figs. 2.14 and 2.15).

Fig.2.14 T4 disease. (a) Axial T1 post contrast fat saturated and (b) coronal T1 images showing a large right nasopharyngeal carcinoma involv-
ing the right skull base (thin arrow), right carotid space (open arrow), right parotid gland and posterior cervical space (dashed arrow)

Fig. 2.15 T4 disease. (a) Coronal T1 post contrast and (b) axial T2 fat saturated images show a left nasopharyngeal carcinoma invading past the
left lateral pterygoid musculature (solid arrows), ethmoid (thin arrow), left maxillary sinus (dashed arrow), and left orbital floor (open arrow)
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2.6 MRIStaging of Nodal Disease

(N Classification) (Table 2.2)

The majority of patients present with nodal metastases, with
some series quoting incidences as high as 96%. This com-
monly involves the lateral retropharyngeal nodes (RLN) aka
nodes of Rouviere, which lie medial to the carotid arteries
from the skull base down to C3 in up to 80% of patients [44,

Table 2.2 Changes in N classification of the American Joint Cancer
Committee staging of nasopnaryngeai carcinoma

AJCC 7th edition AJCC 8th edition Changes

NX |Regional nodes |NX |Regional lymph
cannot be nodes cannot be
assessed assessed

NO | No regional NO | No regional
lymph node lymph node
metastasis metastasis

NI | Unilateral N1 | Unilateral Supraclavicular
metastasis m metastasis m nodes redefined
cervical lymph cervical lymph as nodes
node(s), 6 cm in node(s) and/or extending
greatest unilateral or below the
dimension, bilateral caudal border
above the metastasis in of the cricoid
supraclavicular retropharyngeai | cartilage
fossa, and/or lymph node(s),
unilateral or 6 cm or smaller
bilateral in greatest
retropharyngeai dimension,
lymph nodes, above the caudal
6 cm in greatest border of cricoid
dimension cartilage
(midline nodes
are considered
ipsilateral
nodes)

N2 | Bilateral N2 | Bilateral
metastasis in metastasis in
cervical lymph cervical lymph
node(s), 6 cm in node(s), 6 cm or
greatest smaller in
dimension, greatest
above the dimension,
supraclavicular above the caudal
fossa (midline border of cricoid
nodes are cartilage
considered
ipsilateral
nodes)

N3 | Metastasis in a N3 | Unilateral or N3a and N3b
lymph node or bilateral combined
nodes >6 cm metastasis in under N3
and/or to the cervical lymph
supraclavicular node(s), larger
fossa than 6 cm in

N3a |>6cmin greatest
dimension dimension, and/

N3b | Extension to the Or extension
supraclavicular below the caudal
fossa border of cricoid

cartilage

48]. Other studies note equal or higher sentinel spread to the
level I nodes [49, 50], suggesting direct lymphatic pathways
to both RLN and internal jugular chains [44, 49]. The lym-
phatic drainage of the nasopharynx can be divided into [51]:

— Primary lateral pathway into the RLN and upper internal
jugular chain (level II nodes). Prominent RLN are normal
in children before puberty, after which they involute.

— Secondary medial pathway from the roof and posterior
wall into the median retropharyngeal node, located ante-
rior to the medial parts of the longus colli muscles [30].
These do not form a discrete nodal chain and are not con-
sistently present.

— Rare pathway into the intraparotid nodes if the Eustachian
tube is involved.

MRI eases detection of these nodal metastases [52] and
are considered positive if the minimum axial diameter is
>6 mm (92% positive predictive value) for RLN, >10 mm
for cervical nodes, and >11 mm for the jugulodigastric nodes
or if it shows central necrosis (100% specificity) [53] or
extracapsular spread regardless of size. Grouping of RLN is
rare and should always be considered malignant, while a bor-
derline (1-2 mm below threshold) group of >3 cervical
nodes can be used as a diagnostic criterion for nodal metas-
tasis [53]. FDG PET/CT also shows good accuracy in nodal
staging for newly diagnosed NPC and is part of the routine
staging investigation in many centres (Fig. 2.16) [54].

2.6.1 N1,N2

Unilateral (N1)/Bilateral (N2) cervical and/or unilateral
or bilateral retropharyngeal node(s), <6 cm in greatest
dimension, above caudal border of cricoid cartilage: For
staging of the cervical nodes, N1 refers to unilateral nodes,
while N2 refers to bilateral nodes which have not reached the
criteria for N3 staging. The greatest dimension (i.e. long
axis) is used when measuring metastatic nodes.

2.6.2 N3

Unilateral or bilateral metastasis in cervical lymph
node(s) >6 cm in greatest dimension and/or extension
below the caudal border of cricoid cartilage: A welcome
change in the AJCC 8th edition is the combination of N3a
and N3b into a single designation of N3. The 8th edition also
recategorised the supraclavicular nodes, which was previ-
ously determined by identifying the clavicle on the same
axial slice. This was confusing, as it depended on the varying
positions of the clavicle. N3 disease is now neatly defined as
extension below the caudal edge of the cricoid cartilage.
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Fig.2.16 FDG PET/CT used for nodal staging. Intensely FDG avid left level 1b, level 11, and left infracricoid lymph nodes are noted, in keeping

with nodal metastases. No suspicious FDG-avid lesion is seen elsewhere

The nodal spread of NPC tends to follow a stepwise
fashion down the internal jugular (level IT — IV) and spinal
accessory chains (level V) which converge at the high
internal jugular node (level II). However, unusual spread
patterns to the anterior neck (level VI and VII), subman-
dibular (level I), and parotid nodes have also been
reported. This is likely due to disruption in the normal
lymphatic drainage and subsequent retrograde flow into
the aforementioned nodes [49]. A careful search for these
metastatic nodes is important in radiotherapy planning
(Fig. 2.17).

2.7  MRI Staging of Distant Metastates

(M Classification)

Distant metastasis (DM) carries a poor prognosis and is also
a major cause of IMRT failure. Large cohort studies found
DM in up to 20% of patients, mostly within the skeleton,
which far outweighs the thorax and liver (in decreasing fre-
quency). Bony metastases are lytic in 66%, sclerotic in 21%,
and mixed in 13% of cases [55], with a rare diffusely scle-
rotic pattern that can be confused with myelofibrosis or other
osteoblastic metastases (e.g. prostatic carcinoma) [56].
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Fig. 2.17 Parotid nodal metastasis. (a) Axial contrast enhanced CT
shows an inconspicuous right intraparotid node (solid arrow). (b)
Subsequent FDG PET/CT shows high FDG avidity in keeping with

Not surprisingly, the incidence of DM increases with nodal
spread, from 14% in N2 to 48% in N3 [57]. Even with excel-
lent locoregional control using IMRT, 1 in 6 patients con-
tinue to develop DM, often within a year of treatment [58].
This can perhaps be explained by subclinical micrometasta-
ses at initial staging.

In addition to MRI, a conventional metastatic workup
(CMW) may also include an abdominal ultrasound, a chest
radiograph, and a skeletal scintigraphy (Fig. 2.18), which
require multiple examinations. This is increasingly being
replaced by FDG PET/CT; a single albeit costlier alternative.
A systemic review by Xu et al. [59] showed that PET/CT had
better pooled sensitivity (85.7% vs. 38.0%) and specificity
(98.1% vs. 97.6%) than CMW. This is primarily due to its
better performance in detecting bone metastasis. However,
the same study also concluded suboptimal PET/CT sensitiv-
ity (72.7%) in detecting liver metastasis.

In addition to detection, the intensity of FDG uptake
can also serve as a prognostic biomarker. Tumours demon-
strating a high FDG uptake usually denotes a more aggres-
sive tumour biology and a higher incidence of distant
metastasis [60]. It is well documented from experience
with other head and neck cancers that areas of high FDG
uptake are frequently associated with a higher rate of local
failure post radiotherapy. In this context, FDG PET/CT
can also be utilised for the purpose of dose painting in
radiotherapy [61].

nodal metastasis. This highlights the importance of FDG PET/CT in
detection of nodal disease

2.8 Radiotherapy for the Radiologist

Unlike many other tumours, the first line of treatment for
NPC is radiotherapy (RT). RT is integral in curative-intent
treatment, with radiobiological experiments showing that
66-70 Gy of fractionated radiation (in 2 Gy fractions) is
required to control grossly visible disease in the nasophar-
ynx and lymph nodes [62]. Microscopic disease in the
tumour peripheries or at high-risk nodes requires a lower
dose of 50-60 Gy, owing to lower tumour cell density.

Historically, RT was delivered using unsophisticated
techniques (2D or 3D) based on bony landmarks from radio-
graphs. This allowed for only simple beam arrangements that
lead to significant toxicity [63] as large portions of unin-
volved structures were included in the radiation portal. Signs
of toxicity can be seen acutely in rapidly proliferating tissues
(e.g. mucositis) or as a late complication months to years
later (e.g. pituitary dysfunction).

IMRT was developed in the early 2000s and utilises
computer-controlled algorithms for dose-painting and highly
conformal dose distributions to allow for improved tumour
coverage, while keeping dose in adjacent tissue at a safe
level [64] (Fig. 2.19). Tumours directly abutting structures
like the brainstem and optic chiasm may force a reduction in
dose due to unacceptable morbidity. In such cases, induction
chemotherapy can be offered in the hope of tumour shrink-
age prior to RT.
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POSTERIOR

Fig. 2.18 Bony metastases: (a) Bone scintigraphy, (b) pelvic radio-  (white solid arrows), while the bone scan also shows other sites within
graph, and (c) coronal T1 post contrast fat saturated images show large  the axial skeleton and rib (black open arrows)
destructive osseous lesions seen within the sacrum and iliac bones
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Fig. 2.19 Comparison of IMRT (top row) vs. 3DCRT (bottom row).
Note the black arrows indicating areas of unintended high dose (includ-
ing mandible, skull base) with 3DCRT that is spared with IMRT. Red
arrows indicate areas of inadequate low dose coverage with 3DCRT

Radiotherapy Planning: Radiotherapy planning is done
primarily on a contrast- enhanced CT dataset with the patient
in treatment position: lying supine (with a neck rest) and
immobilized with a rigid custom-made thermoplastic mask
that is mounted and referenced to the scanning couch
(Fig. 2.20). This allows for reproducible positioning through-
out the treatment duration (7 weeks). As the target delinea-
tion is only performed on CT (which has poor soft tissue
contrast), incorporation of clinical information, endoscopic
findings, MRI and PET/CT is crucial for margin accuracy.

that receives good coverage with IMRT. Key: Pink Cloud: High dose
target volume. Blue and green Clouds: Low dose target volume. Red
Line: Area receiving high dose (>66 Gy). Yellow Line: Area receiving
low dose (>47 Gy)

MRI sequences can even be overlaid with the
CT-simulation dataset in a process known as co-registra-
tion or simply ‘fusion’. In cases where the MRI and
CT-simulation dataset are not aligned, software permitting
deformable registration or preferential alignment at the
nasopharynx may be favoured. Some centres may choose
to have the CT simulation done prior to an MRI with the
patient in the thermoplastic mask to ensure satisfactory
MRI-CT fusion.
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Fig.2.20 CT scan simulation. Five-point head and neck thermoplastic
shell used for immobilisation during head and neck radiotherapy
treatments

29 Tumour Recurrence
Despite the success of RT, residual or recurrent disease
remains a problem. Salvage treatment is largely dependent
on the sites of recurrence which can broadly be divided into
local, regional, or distant disease.

2.9.1 Local Failure

Local failure following RT occurs in 10-36% of patients
[65], and subsequent treatment is largely divided into sur-
gery, radiotherapy, or chemotherapy.

For most patients, especially those with small recurrent
tumours, surgical extirpation is preferred as recurrent
tumours tend to be resistant to radiotherapy. Surgery further
avoids compounding radiation toxicities that can occur in up
to 70% of re-irradiated patients [66, 67]. Key features for
surgical consideration include:

— Encasement and proximity to the carotid artery. While
there has been no large prospective studies to determine
this, most surgeons would consider a carotid encasement
of 180° to be unresectable. Despite this, some specialized
centers have demonstrated feasibility of resection using
novel techniques such as a extracranial-intracranial
bypass [68].

— Lateral extension to the infratemporal fossa and invasion
of the cavernous sinus/intracranial space may be consid-
ered unresectable in view of the difficulty in achieving
oncologically clear margins [69]. In general, these fea-
tures are indicators of advanced disease and pose signifi-
cant perioperative morbidity and mortality.

— Tumour involvement in unusual areas such as the parana-
sal sinus (Fig. 2.21) should also be evaluated to allow for
comprehensive treatment plans. In certain cases, orbital
involvement may require exenteration to achieve adequate
tumour clearance (Fig. 2.22).

Surgery may be performed using conventional open
approaches such as the maxillary swing, lateral rhinot-
omy, facial translocation, and craniofacial approaches or
via minimally invasive approaches, such as endoscopic or
robotic nasopharyngectomies. These surgical approaches
are determined by institutional practice and available sur-
gical expertise. While there is no evidence-based guide-
line as to the selection of approaches, most surgeons
would tend to favour an endoscopic approach for small
volume disease largely confined to the nasopharynx.
Lateral extension to the parapharyngeal space with close
proximity to the carotid vasculature (within 1cm) would
favour an open approach [70]. In some centers, the use of
facial translocation and craniofacial approach has been
favoured for resection of tumours with skull base involve-
ment, thereby allowing for a combined approach with the
neurosurgeons [69].

SUVmax on FDG PET combined with plasma EBV val-
ues have proved to be useful in determining the prognosis of
cases treated by surgery. Chan et al. [71] looked at recurrent
tumours treated with nasopharyngectomy and discovered
that those with a curative outcome had significantly lower
preoperative log plasma EBV DNA values (2.2 vs. 3.4) and
mean SUVmax (4.3 vs. 6.9) than patients with further
recurrence.

Surgically unresectable tumours may be considered for
re-irradiation, with various techniques like brachytherapy,
IMRT, stereotactic radiosurgery, and proton beam therapy
being employed. Patients who are unsuitable for either sur-
gery or re-irradiation are subsequently treated with palliative
chemotherapy.

2.9.2 Regional Failure

Regional failure mostly presents with nodal metastasis in the
upper cervical nodal basins, such as level II and Va stations,
and accounts for approximately 5—13% of patients [14, 72].
Surgery is again the treatment of choice, especially when the
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head swelling (solid arrow) was thought to represent a Pott’s puffy
tumour with erosion of the inner and outer tables (open arrow). This
was later biopsy proven to be metastatic NPC

Fig. 2.21 Frontal sinus metastasis. (a, d) A patient with a right
T2N2MO NPC (white area) had right frontal sinusitis (dashed arrow).
(b, e) 1 year post treatment, the sinusitis showed FDG avidity suggest-
ing active inflammation. (¢, f) 2 years post treatment, an enlarging fore-

Fig. 2.22 Orbital metastasis. (a) Axial T2 fat saturated and (b) coronal T1 post contrast images show metastasis (solid arrow) into the left orbit
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Fig. 2.23 Extracapsular spread. Axial T2 fat saturated image of a
necrotic lymph node with extracapsular spread (thin arrow). It shows an
indistinct capsular outline (white dotted line), loss of the surrounding
fat plane, and infiltration of adjacent structures (thick open arrow). A
second enlarged lymph node is seen anteriorly (solid arrow) without
extracapsular spread

nodes are situated in the lateral neck. Key imaging features
include:

— Relation to the carotid arteries, invasion of the internal
jugular vein, and the metastasis to the parotid, which
impact the nature of neck dissection.

— Extra-nodal extension which is not uncommon following
chemoradiation (Fig. 2.23).

— The presence of a retropharyngeal node should also be
evaluated during pre-treatment planning. The treatment of
residual/recurrent retropharyngeal lymph node still remains
inconclusive due to the difficulties of surgical access to this
location. As such, radiation is typically employed for treat-
ment of these nodes. Surgical extirpation of these nodes
have also been demonstrated in some centers [73].

Conventional treatment of lateral nodal disease in recur-
rent/residual nasopharyngeal carcinoma includes a radical
neck dissection. This is often due to the presence of signifi-
cant extra-nodal extension and the extensive nature of nodal
disease in these patients [74].

2.9.3 Distant Metastases

Distant metastasis following primary treatment is largely tar-
geted using systemic treatment regimes such as chemotherapy.

Other novel approaches include treatment with immunother-
apy agents, which is unfortunately beyond the scope of this
chapter.

2.10 Imaging Tumour Recurrence

There is lack of consensus around the timing of follow-up
imaging, with an early baseline study at 3—6 months often
recommended. Any enlarging or new soft tissue lesion or
intracranial enhancement is suspicious for tumour recur-
rence. After radiotherapy, however, the tumour site is often
intermixed with inflammation, fibroplasia, and scarring that
more often result in persistent soft tissue distortion than a
normalised anatomy. This makes it difficult in separating
NPC recurrence from the surrounding mash. Even endo-
scopic assessment and deep biopsies can prove difficult due
to sampling errors.

2.10.1 Nuclear Medicine

FDG PET/CT excels in this setting as metabolic changes
usually precede morphological changes. Liu et al. [75] con-
ducted a meta-analysis comparing FDG PET, CT, and MRI
in detecting residual/recurrent NPC in 1813 patients. The
pooled sensitivity and specificity was FDG PET (95% and
90%), CT (76% and 59%), and MRI (78% and 76%). The
superior diagnostic accuracy of FDG PET/CT is contrasted
against its high cost and poor soft-tissue contrast.

Due to the high cost of FDG PET in most countries, there
is a need for a cost-effective method in selecting patients
who will benefit from surveillance scans. A risk adaptive
approach where high risk patients are scanned more fre-
quently is often employed. However, a more attractive option
is to use tumour biomarkers to detect evidence of disease and
then utilise FDG PET for localisation of disease sites. This
approach was described by Wang et al. [76], who analysed
plasma EBV DNA levels every 3—6 months post treatment,
then performed FDG PET when EBV DNA levels were posi-
tive. Using this method, plasma EBV DNA levels detected
NPC recurrence with 100% accuracy, while FDG PET had
an accuracy of 79%.

Another major pitfall of FDG PET is the false-positive
uptake in infective and inflammatory conditions during the
early post-radiotherapy period which take up glucose and
mimic active disease. In light of this, the time to scanning
is an important factor in reducing the number of false-pos-
itive findings; the current practice is to wait 3—4 months
after treatment before the first follow-up FDG PET study.
False-negative results may also occur if: (1) the patient is
scanned too early, (2) the recurrent tumour is too small or
has a low metabolic rate, (3) the recurrence is at a site with
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physiologically high metabolism, or (4) the FDG uptake is
obscured by artefacts from adjacent metal ware (e.g. dental
crowns and fillings).

2.10.2 MRI

MRI has superior soft tissue contrast to FDG PET/CT, and
its use helps improve diagnostic confidence. Mature scar tis-
sue will show low T2 signal, delayed enhancement, and con-
traction over time, while recurrent tumour will show
intermediate T1 and T2 signals, intermediate enhancement,
and expand over time. In contrast, inflammatory tissue has
higher T2 signal and avid enhancement compared to tumour.
Unfortunately in practice, these features tend to overlap, par-
ticularly within the early post-treatment period where inflam-
mation, infection, and immature scar tissue can all appear
expansile [77].

DWI is also useful in increasing the conspicuity of rem-
nant tumour (Fig. 2.24). Xu et al. [78] described lower ADC
values (~1.097 x 10~ mm?s) in tumours compared to the

lateral pterygoid muscle (~1.501 x 10~ mm?s), while
non-tumoural  tissue  show  higher ADC  values
(~1.843 x 10~* mm?/s). The use of conventional echo-planar
DWTI at the skull base is limited by magnetic field inhomoge-
neity, complex anatomy, and image drift. While these limita-
tions can be overcome by using non-echo-planar DWI (e.g.
HASTE and PROPELLAR), the disadvantages include lon-
ger scan time and lower signal-to-noise ratio [79].

In the assessment of nodal recurrence, the reader should
also be aware of anatomical mimics such as the cervical
sympathetic ganglia. These comprise of three interconnected
ganglia: the stellate, middle cervical, and superior cervical
ganglia (SCG) that lie within the pre-vertebral fascia medial
to the carotid sheath. In particular, the SCG (the largest of the
three) can enlarge post RT and mimic a RLN. The SCG can
be recognized by a few characteristic features (Fig. 2.25)
[80]: (1) Homogeneous enhancement due to large surround-
ing capillaries and lack of a blood-nerve barrier. (2) T2
hyperintense with an internal hypointense spot (venule) or
fat (an interneural space not to be confused with lymph node
hilar fat). (3) Elongated with cranio-caudal tapering.

Fig. 2.24 Post-operative infection vs. recurrence. (a, d) Axial T1
images (b, e) Axial T2 fat saturated images and (c, f) ADC maps. The
upper row (a + b + ¢) shows inflammatory tissue (white dotted area)

with cysts (solid arrow) and no restricted diffusion, while the lower row
(d + e + f) shows a tumour recurrence (white dashed area) with cysts
(thin solid arrow) and restricted diffusion (open arrows)
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Fig. 2.25 Superior cervical ganglions. (a) Axial T2 fat saturated, (b)
ADC map, and (¢) coronal T1 images. There are bilateral enlarged
superior cervical ganglions showing high T2W signal (dashed arrows),

2.11 Complications of Radiotherapy

Despite IMRT’s ability to better conform to the tumour tar-
get, unintended radiation exposure to adjacent anatomical
structures remains inevitable. Understanding the biological
effects of radiation can help the radiologist anticipate and
recognise complications when they occur.

2.11.1 Radiation-Induced Central Nervous
System (CNS) Injury

Our CNS was once thought to be extremely radio-resistant
due to the low rate of neuronal cell division. However, both
structural and functional injuries are now well documented,
occurring at a median of 5 years post exposure and in up to
20% of cases [81, 82]. This is the single most debilitating
complication of RT.

2.11.1.1 Injury to the Brain

While earlier simplified theories suggested either vascular
ischemia or direct parenchymal damage [83], the model pro-
posed by Tofilon and Fike [84] is perhaps the most plausible.
Here, radiation causes acute cell death, inciting a cytokine-
led ‘protective-reparatory’ response that triggers a cycle of
persistent oxidative stress and chronic inflammation leading
to tissue death. The CNS is particularly susceptible to oxida-
tive stress due to its high rate of oxidative metabolism (form-
ing superoxides) and poor antioxidant levels (especially in
oligodendrocytes, neurons, and endothelial cells). Radiation-
induced CNS injury can generally be divided into two stages:

1. Reversible acute/early-delayed phase (1-6 months) with
oedema and demyelination. This is seen as T2 hyperin-
tensities that gradually become confluent, often sparing

.

.
.
)
.
L)
.
.
.
.
L
4

a central dot (thin arrow), no restricted diffusion (open arrow), and
cranio-caudal tapering (white area) that is in keeping with a superior
cervical ganglion

the subcortical U-fibers (Fig. 2.26). The myelin mem-
brane is thought to be particularly susceptible to oxidative
injury. This in combination with the loss of oligodendro-
cytes (interrupts myelin synthesis) [85] can explain the
early preference of radiation injury for white matter.

2. Irreversible late-delayed phase (>6 months) characterised
by endothelial cell loss, and ultimately white matter
necrosis [86]. This typically occur in areas with the high-
est radiation exposure — usually the medial temporal lobes
and seen as liquefied T2W hyperintense areas with a
‘spreading wavefront’ pattern enhancement and haemor-
rhage (Fig. 2.26) [87]. In some cases, this can also lead to
tumefactive cyst formation (Fig. 2.27) [88].

The clinical and imaging features of radiation injury
should help differentiate it from residual tumour. In equivo-
cal cases, a multidisciplinary approach with review of the
radiotherapy plan (Fig. 2.28), adjunct use of EBV DNA, and
serial imaging are helpful. Advanced imaging techniques
like MR spectroscopy (MRS) and perfusion can also be uti-
lised. MRS features of radiation necrosis include markedly
elevated lactate and lipid, reduced choline and corresponding
reduced choline: creatine ratio. This can be further supported
by MR perfusion showing reduced cerebral blood volume
(Fig. 2.29) [89] or FDG PET/CT showing decreased radio-
tracer uptake [90].

2.11.1.2 Injury to the Cranial Nerves

Radiation-induced cranial nerve palsy (CNP) is a delayed
complication, with a latency period measured in years.
Cranial nerves are relatively radio-resistant owing to their
large vasa nervorum and dural arterial network that prevent
ischaemia [91]. However, up to 30% of patients still experi-
ence CNP, particularly of the lower cranial nerves [92]. This
was presumably due to their smaller rootlet form but may also
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Fig. 2.26 Radiation necrosis. (a—c) Axial T1 post contrast images of early demyelination and oedema exerting mass effect and widening
show a ‘spreading wavefront’ pattern of enhancement. (d-f) Coronal  the gyrus (double arrow head). Note the sparing of the subcortical
T2 images of a different patient show a growing T2W hyperintense area  U-fibers (dashed arrows)

Fig. 2.27 Radiation-induced delayed cyst formation. (a-d) Axial T2  and (¢) subsequent enlargement of a liquefied T2 hyperintense area
fat saturated and (e, f) Axial T2 images showing development of a  (thin arrow) and oedema. (d—f) Follow-up MRI showed formation of a
tumefactive cyst over the course of 4 years post RT. (a) Early demyelin-  tumefactive cyst (open arrow) which continued to grow over 2 years
ation and oedema with (b) a focus of radiation necrosis (solid arrow)
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Fig. 2.28 Reviewing treatment plans. (a) Axial T1 post contrast fat
saturated, (b) axial T1 post contrast image at the cerebellum, (c) radia-
tion treatment plan showing 66 Gy isodose line (orange colour wash),
and (d) radiation treatment plan showing ~60 Gy isodose line (yellow
colour wash). Osteoradionecrosis of the basisphenoid (thin arrow) is
noted. Reviewing the treatment plans increases confidence in diagnos-

be partly caused by extrinsic factors, as their longer course
through the neck exposes them to infiltration and compres-
sion by surrounding muscle fibrosis. This causal link is sup-
ported by autopsy cases showing perineural fibrosis and
fibrous infiltration of the nerve fibres themselves [93].

While the imaging features of the affected nerves are
often subtle (mild enlargement, enhancement, and increased
T2 hyperintensity), more apparent findings can be seen in

ing radiation necrosis of the temporal lobes (solid arrows) and cerebel-
lum (dashed arrow) which is rare but occurred in this case as the
hypoglossal canal was treated to a full dose corresponding with the
~60 Gy iso dose line (yellow colour wash). Adhering to large coopera-
tive group protocols, we allow a maximum dose of up to 65 Gy to the
temporal lobes

target organs. For example, radiation injury to the hypoglos-
sal nerve typically results in oedema, fatty infiltration, and
atrophy of the affected hemi-tongue (Fig. 2.30). Radiation-
induced optic neuropathy, on the other hand, can present
with acute and irreversible loss of vision [94]. The stark
clinical presentation often contrasts against the subtle imag-
ing findings, highlighting the importance of obtaining good
clinical history.
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Fig.2.29 DSC MR perfusion of radiation necrosis. (a) Cerebral blood volume and (b) axial T1 post contrast images showing ‘spreading wave-
front’ enhancement (solid arrow) with no increased CBV (coloured red) that is in keeping with radiation necrosis

Fig. 2.30 Hypoglossal nerve palsy. Coronal T1 image shows hemiat-
rophy of the right hemi-tongue (solid arrow), with fatty replacement
seen as T1 hyperintensities

2.11.2 Radiation-Induced Bone and Cartilage
Injury

Changes in irradiated bone is dose dependent and can be
seen as low as 8 Gy [83]. These changes range from early
oedema and haemorrhage, to severe forms that include osteo-
radionecrosis (ORN).

Days after irradiation, the marrow shows oedema and
haemorrhage (decreasing T1 signal). After 3 weeks, the
depleted red marrow is replaced by fat (increasing T'1 signal)
in two distinct patterns; homogeneous (Fig. 2.31) or band-
like surrounding the basivertebral veins. Bone marrow
receiving 50 Gy is irreversibly damaged due to the ablation
of vascular sinusoids, while those receiving <50 Gy may
regenerate normal red marrow in a year or two (decreasing
T1 signal) [95].

ORN is seen in approximately 7% of treated NPC [96]
and is rare in those receiving <60 Gy [97]. Once thought to
be due to osteomyelitis within irradiated bone, ORN is now
theorised to be due to an imbalance of bone metabolism
(resorption and deposition) caused by bony atrophy and infil-
trative fibrosis [98].
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Fig. 2.31 Radiation-induced bone changes. (a) Sagittal T1 image
shows fatty marrow replacement in the skull base and upper cervical
spine (solid arrows). Note the normal red marrow in the lower cervical
spine (dashed arrow) showing higher T1 signal than the adjacent disc.

CT may show focal osteopenia, cortical interruptions, and
decreased trabeculation with patchy sclerosis that reflect
reactive new bone formation. MRI typically shows a hetero-
geneously high T2 signal and patchy enhancement that later
turn into bony destruction with varying degree of bone dehis-
cence that increases the risk of infection, pneumocephaly,
and CSF leakage [82].

ORN is extremely difficult to distinguish from osteomy-
elitis and tumour recurrence, and the diagnosis is often made
histologically, with ORN showing an absence of osteoblastic
activity and inflammatory cells as opposed to osteomyelitis
[99].

Radiation to cartilaginous structures may similarly result
in early perichondritis or delayed chondronecrosis with frag-
mentation and structural collapse [100]. In the context of
NPC, this typically involves the torus tubarius and the tem-
poromandibular joints, leading to trismus and speech impair-
ment [101]. Rarely, ORN can also affect the external auditory
canal (Fig. 2.32) [102].

2.11.3 Radiation-Induced Vascular Injury

Radiation-induced vasculopathies are more likely to involve
the small vessels than the large vessels.

Radiation-induced small vessel disease in the brain mani-
fests as telangiectasia and cavernous malformations. Previous
theories suggested a release of vascular endothelial growth fac-
tor (VEGF) in response to radiation injury, thereby inducing
angiogenesis [103]. Subsequent hyalinisation and fibrinoid

(b) Coronal T1 and (c) axial CT images show osteoradionecrosis of the
basisphenoid (open arrows) with mottling of the bone and cortical
defects

necrosis of the vascular walls lead to thrombosis and occlusion,
resulting in further recruitment of collateral blood supply. This
vicious cycle ultimately drives the gradual enlargement of
these vascular malformations, which are seen on MRI as scat-
tered blooming artefacts on the gradient-weighted sequences
[87]. They are usually asymptomatic.

Large vessel vasculopathy is often multifactorial [104—
106], where damage to the endothelium and vasa vasorum
drives an ischaemic and fibrotic response. As the internal
elastic lamina and endothelium become scarred, they culmi-
nate in luminal narrowing of the vessel (Fig. 2.33). It is also
believed that arterial stenosis contributes to accelerated ath-
erosclerosis, which is often more diffuse with less calcifica-
tion and seen in arterial segments that are not usually
involved in atherosclerotic patients (i.e. common carotid and
internal carotid arteries, rather than carotid bifurcation).

Pseudoaneurysms and carotid blowouts are rare but well-
established complications of RT (Fig. 2.34). They confer sig-
nificant mortality and require emergency endovascular or
surgical treatment. The exact mechanism of pseudoaneurysm
formation is unclear, but is believed to be an extension of the
aforementioned arterial wall injury [107].

2.11.4 Radiation-Induced Mucosal Injury

After RT, the irradiated mucosa and soft tissue invariably
show signs of inflammation [82]. Patients can present with
mucositis and pharyngitis with oedema within the deep neck
spaces and non-enhancing retropharyngeal fluid showing
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Fig. 2.32 Osteoradionecrosis of the temporal bone. (a) Axial CT and  Seeing exposed necrotic bone (dot dash arrow) is a hallmark feature of
(b) Coronal CT images showing erosion (dashed arrows) and dehis-  osteoradionecrosis of the external auditory canal
cence (thin arrows) of the antero-inferior external auditory canal.

Fig.2.33 Radiation-induced vascular disease. (a) Axial T1 and (b) 3D  arrows). This suspicion of radiation-induced vascular thrombosis was
Time of Flight MR angiography images showing loss of flow void in the ~ supported by the MRA showing no flow within the left intracranial ICA
left ICA (dashed arrow) compared to the other cerebral vessels (solid
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Fig. 2.34 Radiation-induced pseudoaneurysms. (a) Selective catheter
angiogram of the left vertebral artery and its (b) 3D reconstruction
shows three pseudoaneurysms (solid arrows) in the basilar artery,
AICA, and PICA vessels. This patient was treated with conventional 2D

Fig. 2.35 Interstitial oedema post radiation. Axial T2 fat saturated
image showing T2 hyperintense oedema within the right parapharyn-
geal space (thin arrow), retropharyngeal space (dashed arrow), and pre-
vertebral space (arrowhead)

concave margins like a ‘bow-tie’ (Fig. 2.35). This is different
from a retropharyngeal abscess which has enhancing convex
margins [108].

While MRI is useful for assessing deep-seated infection,
it is important to remember that ‘normal’ mucosa can also

C.Yongetal.

radiotherapy with radiation portals designed based on bony landmarks,
over 30 years ago. Although she has been cured of her disease, the loca-
tion of the pseudoaneurysm is consistent with arterial structures within
the high dose area (~60 to 70 Gy)

show hyperenhancement and hyperemia that persist for
months to years after RT [82, 83]. In some cases, chronic
mucositis with developing fibrosis can result in pharyngeal
stenosis, while prominent granulation tissues may form pol-
yps that mimic tumour recurrence.

2.11.5 Radiation-Induced Glandular (Exocrine
and Endocrine) Injury

Historically, almost all patients undergoing RT experience
glandular changes, with the incidence of xerostomia
approaching 98% in some studies [81]. This however is
much reduced with IMRT, which now spares the parotid
glands (Fig. 2.19) [109]. The irradiated parotid and subman-
dibular glands typically show early hyperenhancement and
hyperemia (Fig. 2.36), with subsequent gradual atrophy and
fatty infiltration. Recently, this glandular dysfunction can
also be imaged [110, 111]; Dynamic contrast-enhanced MRI
and DWI show loss of the normal biphasic response to glan-
dular stimulation (i.e. Initial drop in ADC value with
subsequent gradual increase) and sustained contrast enhance-
ment with delayed washout possibly due to fibrosis.

With regard to the pituitary gland, damage to the
hypothalamic-pituitary axis (HPA) is due to several mecha-
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Fig. 2.36 Radiation-induced glandular injury. Axial T1 contrast
enhanced image showing asymmetrical hyperenhancement of the left
parotid gland (thin arrow) compared to the normal right side (dashed
arrow)

nisms and most commonly involves the anterior pituitary
lobe [112, 113]. This includes microstructure alteration with
demyelination and axonal loss in the hypothalamus, as well
as injury to the small vessels supplying the HPA. Progressive
microangiopathy and ischaemia is the underlying cause for
hormonal imbalance, with growth hormone deficiency being
the most prevalent [114]. While these changes are clinically
apparent, they are often radiologically occult.

2.11.6 Radiation-Induced Neoplasms

Radiation-induced neoplasms are rare, but are now seen in
part due to increased overall survival. For a confident
diagnosis to be made, the neoplasm must be within the
radiation port, must occur with higher prevalence in irra-
diated patients, must have a different histology to the
treated primary, and must only occur after a latency period
of at least 3 years [115]. While meningiomas are the most
common intracranial radiation-induced neoplasms, sarco-
mas and squamous cell carcinomas (SCC) are the two
most aggressive [83].

Radiation-induced sarcomas tend to occur 10-15 years
after RT and are often very aggressive. These include osteo-
sarcomas, chondrosarcomas, malignant fibrous histiocyto-
mas, and malignant nerve sheath tumours. SCC, however,
tends to occur more than 10 year after RT and typically
involves the external auditory canals and temporal bones.
Both sarcomas and SCC confer poor prognosis and requires
early detection and prompt surgical resection for definitive
cure.

Other less common radiation-induced neoplasms include
osteochondromas and thyroid malignancies, although very
few studies have established causality of these thyroid
cancers.

2.12 Future Imaging Techniques

68Ga-Dotapeptides are Octreotide analogues used for imag-
ing somatostatin receptor (SSTR) expressing tumours (e.g.
pheochromocytomas, paragangliomas, and small cell lung
carcinomas). Undifferentiated NPC have now been reported
to also express SSTR, highlighting the potential of a new
imaging biomarker [116-119]. The absence of tracer uptake
within the brain parenchyma on Dotapeptide PET/CT (usu-
ally intensely avid on FDG PET/CT) results in more accurate
detection of intracranial disease. SSTR expression in NKUC
also opens the possibility of new treatment alternatives such
as peptide receptor radionuclide therapy (PRRT) that is used
to treat neuroendocrine tumours.

18F-Fluoromisonidazole (FMISO) for imaging hypoxia
is another example of PET tracers with emerging applica-
tions in NPC imaging. Hypoxia is an adverse prognostic fac-
tor usually associated with radio resistance, treatment failure,
and decreased overall survival. FMISO PET/CT can identify
areas of tumour hypoxia, enabling radiotherapy dose
boosting to these regions potentially resulting in better local
control [120].

Looking forward, in this era of rapid development in
genomics, epigenomics, and proteomics, there is an evolving
need to image tumour-specific biomarkers that can predict
resistance to treatment, detect tumour heterogeneity, and
guide targeted therapy. Radiomics as well as the develop-
ment of biomarker-specific radionuclides are paving the way
towards this future. These can affect treatment choice and
outcome, and the specialist must continue to keep abreast
with these changes, so as to be able to understand and inter-
pret the imaging findings and support clinical advancement
in the field.
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Abstract

Despite a steady decline in the incidence of head and neck
cancers in the last few decades, the incidence of oropha-
ryngeal cancer has shown an overall increase that is
largely attributable to the rise in infections with the human
papilloma virus (HPV). Oropharyngeal cancer has
become the leading site for HPV-associated cancers in
humans. Typically, HPV-associated oropharyngeal cancer
presents in a younger, healthier population with a differ-
ent set of risk factors and a good prognosis for survival. It
is important for physicians and radiologists to become
familiar with the features of epidemic HPV-associated
oropharyngeal cancer, as well as the characteristic imag-
ing finding differences between HPV-associated and non-
HPV-associated oropharyngeal cancers, which are critical
for patient management.
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relatively stable, which is explained by the increasing incidence
of human papillomavirus (HPV)-associated oropharyngeal
SCCa [3-5]. In this chapter, we mainly describe the anatomy,
demographics and epidemiology, histopathology, imaging
findings, and management of HPV-associated and non-HPV-
associated oropharyngeal cancers.

3.2 Oropharyngeal Squamous Cell
Carcinoma
3.2.1 Demographics and Epidemiologic

Features (Table 3.1)

There are well-established risk factors for head and neck
cancers such as smoking and alcohol abuse, both separately
and synergistically. Poor oral hygiene and radiation exposure

Table 3.1 Clinical characteristics of human papillomavirus-associated
(HPV-positive) and non-human papillomavirus-associated (HPV-
negative) oropharyngeal cancer

HPV positive HPV negative
. Tumor location Mostly Palatine Frequently Palatine

3.1 Introduction tonsils (lateral wall) tonsils (lateral wall)

and Lingual tonsil and Lingual tonsil
The most common histologic type of oropharyngeal carcinoma (anterior wall) (anterior wall)
is squamous cell carcinoma (SCCa), which represents more  Age Young to middle Middle to elder
than 95% of oropharyngeal malignancies [1, 2]. Traditionally, ~Gender Male Male
oropharyngeal carcinoma was closely related to tobacco and ~ Risk factor Sexual habits irllézll?onlg
alcohol exl.)osure' The incidence of carf:moma in the orophar- Histopathology Poorly differentiated | Well-differentiated
ynx was similar to that of the other sites of the upper aero- Keratinized
digestive tract those that all shared common exposure to the  Immunochemistry |p16 positive p53 positive
carcinogens in tobacco. Whereas the overall incidence of head  Primary lesion Small Various
and neck SCCa has been decreasing, mostly attributable to the Well-circumscribed Ill—c?eﬁned
decline in smoking, oropharyngeal SCCa incidence has been ~ Lymph node Frequent multiple Various

metastasis Cystic

A. Fujita (59) Extranodal spread
Department of Radiology, Jichi Medical University School of D01.1ble cancer Rare . Frequen.t
Medicine, Shimotsuke, Tochigi, Japan InCldenC.e Increasing Decreasing
e-mail: akifuji @jichi.ac.jp Prognosis Good Poor
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are also known risk factors. The landscape of head and neck
cancer has experienced dramatic changes over the past
decades in many Western countries [2, 3, 6]. Although head
and neck cancer has been decreasing, mostly attributable to
the decline in smoking, the incidence of oropharyngeal
SCCa has been increasing in many countries, likely attribut-
able to the influence of HPV-associated oropharyngeal SCCa
[7-9]. The incidence of HPV-associated oropharyngeal
SCCa in the United States has increased by a startling 225%
from 1988 to 2004 [5]. During the past two decades, oropha-
ryngeal SCCa also increased among men and/or women in
different European nations [2]. HPV-16 and, less often,
HPV-18 are the most frequent oncologic viral agents [10].

HPV-associated oropharyngeal SCCa patients tend to be
younger, nonsmoking, nondrinking, white males of higher
than average socioeconomic backgrounds, often with a his-
tory of multiple sexual partners. Because HPV-associated
SCCa commonly arises in nonsmokers, a lack of significant
tobacco or alcohol exposure does not provide evidence
against malignancy. Initial symptoms of oropharyngeal
SCCa are a neck mass and sore throat. The non-HPV-
associated cohort had a significantly higher proportion of
patients without nodal spread compared to the HPV-positive
cohort [11]. Importantly, in contrast to non-HPV-associated
disease, HPV-associated SCCa with lymph node spread has
excellent survival rates, ranging from approximately 80% to
90% for early-stage disease. Patients with HPV-associated
SCCa have improved outcomes [12], and this prognostic dif-
ference has prompted changes in the latest 8th edition AJCC
guideline [13], as well as attempts to reduce the long-term
toxicity resulting from standard therapy with reduction of
radiation doses, elimination of chemotherapy, or minimally
invasive robotic surgery. Currently, these de-escalated treat-
ment options are being evaluated in multiple clinical trials
[14]. Although HPV-associated SCCa has a reliably better
prognosis than non-HPV-associated SCCa, deleterious
somatic alterations resulting from tobacco exposure worsen
the prognosis of HPV-positive smokers relative to HPV-
positive nonsmokers [15].

3.2.2 Anatomical Considerations

The oropharynx is posterior to the oral cavity, between the
nasopharynx and hypopharynx, the latter being separated
from the oropharynx by the superior aspect of the hyoid
bone. The anterior limit is defined by a plane formed by the
circumvallate papillae, the anterior tonsillar pillars, and the
soft palate. The posterior pharyngeal wall is its posterior
limit. Laterally it is bounded by the palatine tonsils and the
anterior and posterior tonsillar pillars. The oropharynx is
composed of the anterior wall (base of the tongue/lingual
tonsils), lateral walls (palatine tonsils), posterior wall, and

superior wall (soft palate). The soft palate extends from the
posterior aspect of the hard palate to the uvula. The base of
the tongue consists of the tonsillar tissue in the posterior
third of the tongue. The palatine tonsils are lymphoid tissues
nestled between the anterior and posterior tonsillar pillars,
which are mucosal folds created by the palatoglossus and
palatopharyngeal muscles, respectively. The posterior wall is
between the soft palate superiorly and the hyoid bone inferi-
orly [13]. Within these subsites of the oropharynx, the tonsil
and tongue base are the most common sites to be affected by
carcinoma. These sites differ from the other subsites because
they have a high density of lymphoid cells and show a strong
association with HPV-associated squamous carcinoma [16].
The strong predilection of HPV for the oropharynx is due to
the microanatomy of the reticulated epithelium of the base of
the tongue and tonsils. HPV infects the reticulated epithe-
lium lining of the deep tonsillar crypts. The deep crypts of
the tonsils are immune-privileged sites, which means they
can tolerate the introduction of antigens without eliciting an
inflammatory immune response. This results in inhibition of
the effector function of the HPV-specific T cells and thereby
facilitates immune evasion at the time of initial HPV infec-
tion [17].

3.2.3 Staging of Oropharyngeal Cancer

Since HPV-related oropharyngeal SCCa is now well estab-
lished as a distinct entity compared to non-HPV-related oro-
pharyngeal SCCa, the American Joint Committee on Cancer
(AJCC) 8th edition staging system has changed significantly,
intending to reflect the improved prognosis associated with
HPV-related oropharyngeal SCCa [13]. In addition, the new
system provides clinicians with prognostication based on
more refined clinical and pathologic features unique to HPV-
related oropharyngeal SCCa.

The HPV-related oropharyngeal SCCa clinical T classifi-
cation no longer includes a T4b category, because 5-year
overall survival was similar for patients classed as T4a and
T4b according to the 7th edition of TNM staging system.
One of the most significant changes was the inclusion of
extranodal extension for non-HPV-related oropharyngeal
SCCa. In addition, the new system clearly states the patho-
logic definition of extranodal extension [13].

3.2.4 Imaging Features

The most important roles of imaging in head and neck malig-
nancies including oropharyngeal carcinoma are to clarify the
extension of the primary lesion and to investigate for
metastases. Oropharyngeal SCCa may spread in several
ways, such as by direct extension over mucosal surfaces and
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by dissemination via lymphatic drainage pathways [18].
Since superficial mucosal lesions are not often radiographi-
cally evident, the extent of mucosal spread is best estimated
with a physical examination. However, the overall extent of
a tumor is often underestimated at physical examination
because of the inability to detect submucosal spread and
direct invasion of adjacent structures (Figs. 3.1 and 3.2).
Evaluation of SCCa of the base of tongue should also include
a determination of the involvement of the intrinsic muscle of
the tongue (Fig. 3.3), crossing of the midline of the tongue,
and invasion of the pre-epiglottic fat. Evaluation of a tonsil-
lar SCCa should include a determination of the involvement
of the pterygoid muscles and extension along the pterygo-
mandibular raphe to the skull base [18].

Presuming the histopathological diagnosis by imaging is
not usually required, but there are several reports describing
the imaging features for differentiating between HPV-
associated and non-HPV-associated oropharyngeal SCCa
[19-24]. Chan et al. reported the radiologic features of
primary tumors comparing 397 cases of HPV-associated and
148 cases of non-HPV-associated oropharyngeal SCCa [24].

2, &

L4
]

Fig. 3.1 Non-HPV-associated oropharyngeal SCCa of the right tonsil.
Contrast-enhanced CT coronal image shows an ill-defined margin of
the invasive mass at the right lateral wall of the oropharynx extending
to the soft palate (arrows) and larynx (arrowhead)

Fig. 3.2 Non-HPV-associated oropharyngeal SCCa of the left base of
the tongue. T2W image shows an ill-defined mass with ulceration at the
left anterior wall of the oropharynx invading genioglossus muscle
(arrow) and hyoglossus muscle (arrowhead)

Fig. 3.3 Non-HPV-associated oropharyngeal SCCa of the left base of
the tongue. Contrast-enhanced, fat-saturated T1W sagittal image shows
an ill-defined mass with ulceration (arrow) at the left anterior wall of
the oropharynx invading the intrinsic muscle of the tongue
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Fig. 3.4 HPV-associated oropharyngeal SCCa of the right lateral pala-
tine tonsil. T2W MR image shows a well-defined exophytic appearance
of the mass at the right lateral wall of the oropharynx (arrow)

HPV-associated oropharyngeal primary tumors had signifi-
cantly smaller size at presentation in the axial dimensions,
including the anterior—posterior dimension, although no dif-
ference was demonstrated in the superior—inferior dimen-
sion. In addition, HPV-associated primary tumors were more
likely to have an exophytic appearance (Fig. 3.4). Although
ulceration and necrosis were uncommon in both groups, a
significantly lower proportion of HPV-associated SCCa
cases demonstrated these features (Figs. 3.2 and 3.5).
Notably, of HPV-associated never-smokers, only 5% had
ulcerations, whereas 13% of HPV-associated smokers had
ulcerations. Cantrell et al. reported the CT imaging differ-
ences between HPV-associated and non-HPV-associated
oropharyngeal SCCa cases, and a greater percentage of
HPV-associated SCCa demonstrated primary tumors with
well-defined borders (Figs. 3.4 and 3.6), whereas non-HPV-
associated tumors demonstrated ill-defined borders and
increased invasion of adjacent muscle (Figs. 3.1, 3.3, and
3.7) [21].

Despite the overall improved prognosis of HPV-associated
SCCa relative to non-HPV-associated SCCa, there is no sig-
nificant difference in the incidence of extracapsular spread or
matted appearance of nodal metastases [21, 23, 24], a well-
established predictor of poor prognosis in SCCa of the head
and neck (Fig. 3.7). HPV-associated oropharyngeal SCCa
demonstrates an increased incidence of cystic and clustered
nodal metastases (Fig. 3.8) [21, 24]. A common imaging find-
ing in HPV-associated SCCa, cystic metastases caused by a
small or poorly visualized primary, highlights a common

Fig. 3.5 Non-HPV-associated oropharyngeal SCCa of the left base of
the tongue. Contrast-enhanced CT image shows an ill-defined mass
with ulceration (arrowhead) at the left anterior wall of the oropharynx

Fig. 3.6 HPV-associated oropharyngeal SCCa of the right base of the
tongue. Contrast-enhanced CT image shows an ill-defined margin of
the invasive mass at the right anterior wall of the oropharynx extending
to the floor of the mouth (arrows). Associated lymph node metastasis is
invading the carotid artery and the jugular vein (arrowhead)
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Fig. 3.7 Non-HPV-associated oropharyngeal SCCa of the right
palatine tonsil with multiple lymph node metastases. Contrast-
enhanced, fat-saturated T1W coronal image shows an enhanced mass at
the right lateral wall of the oropharynx (arrow), and multiple lymph
node swelling with extracapsular spread (matted nodes; arrowheads) at
the right level II region

clinical/radiologic pitfall that is of particular concern, given the
rapidly rising incidence of oropharyngeal SCCa attributable to
HPV. Because HPV-associated SCCa is commonly, clinically,
and radiologically occult at the primary site, radiologists must
recognize that cystic neck masses in adult patients should be
considered cystic metastases until proven otherwise; a bran-
chial cleft cyst should be considered the exception rather than
the rule for an adult with a cystic neck mass.

These imaging differences between HPV-associated
SCCa and non-HPV-associated SCCa are congruent with the
understanding that HPV-associated SCCa represents a sepa-
rate clinical entity, driven by different somatic molecular
events and with a different clinical phenotype.

3.3 Differential Diagnosis

As mentioned earlier, SCCa is the most common histo-
logic type of malignancy arising in the oropharynx, but
there are some other malignancies we should consider in

Fig. 3.8 HPV-associated oropharyngeal SCCa of the left palatine ton-
sil with cystic lymph node metastasis. T2W image shows a well-defined
cystic-appearing lymph node at the left level II region (arrowhead)

the differential diagnosis. There are also benign tumors or
inflammatory diseases that mimic malignant tumors.

3.3.1 Malignant Lymphoma

Malignant lymphoma is also common and the second most
common neoplasm of the head and neck. Although pre-
treatment imaging evaluation is critical for tumor staging
and treatment planning, both SCCa and lymphoma of the
oropharynx usually arise from the same anatomic sites,
such as the palatine tonsils and the tongue base, and they
show similar imaging characteristics. Generally, malignant
lymphoma demonstrates a well-defined mass and homoge-
neous internal density/intensity on CT/MR imaging
(Fig. 3.9) [25], but these characteristics are also common
findings in HPV-associated SCCa. Diffusion-weighted
imaging and dynamic contrast-enhanced MR imaging have
the potential to differentiate the two malignancies, but there
is overlap in ADC values and dynamic enhancing patterns
[26, 27]. Associated lymph node swellings in the cervical
region or other sites with homogeneous density/intensity
may help make the diagnosis, but lymphoma also shows
necrosis or cystic changes of the lymph node lesions,
which may mimic metastatic lymph nodes of SCCa.
Histopathological examination is necessary for diagnosis,
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Fig. 3.9 Malignant lymphoma, diffuse large B-cell of the right pala-
tine tonsil with cervical lymph node involvement. T2W image shows a
well-defined exophytic appearance of the mass at the right lateral wall
of the oropharynx (arrow). Right cervical lymph node at level II region
is also noted with well-defined homogeneous intensity (arrowhead)

but it is important to inform the clinicians or pathologists of
the possibility of lymphoma.

3.4 Summary

Since other oropharyngeal tumors, such as minor salivary
gland tumors, sarcomas, and papillomas, are extremely rare
compared to SCCa and lymphoma, it is important to be
familiar with oropharyngeal SCCa and lymphoma both clini-
cally and radiographically. We should be especially aware of
the recently established HPV-related cancers. However,
since imaging findings are mostly nonspecific, it is difficult
to differentiate them from each other. Biopsy is always nec-
essary to manage oropharyngeal tumors.
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Diagnostic Imaging of Oral Cavity
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Abstract

Oral cancer is one of the universally prevalent cancer
type, and squamous cell carcinomas account for more
than 90%. Fundamental knowledge such as the epidemi-
ology and etiology of the oral cancer, imaging anatomy of
oral cavity, and AJCC/UICC (American Joint Committee
of Cancer/International Union Against Cancer) TNM
classification is needed for image interpretation. The new
concept of depth of invasion in T classification and extra-
nodal extension in N classification is added from AJCC/
UICC 8th edition. These items will be described earlier in
this chapter.

The oral cavity is divided into eight subsites (mucosal
lips, oral tongue, upper alveolar ridge, lower alveolar
ridge, retromolar trigone, floor of mouth, buccal mucosa,
and hard palate). The invasion pattern of oral cavity can-
cer differs depending on the primary site of involvement.
The invasion pattern of oral cancer according to the pri-
mary involvement of each subsite is discussed later in this
chapter. We also discuss lymph node metastasis, post-
treatment imaging results, treatment complications, and
recurrence in oral cancer.
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4.1 Epidemiology and Etiology

There is an estimated incidence of 355,000 cases of oral cav-
ity cancer worldwide each year, which contributes to an esti-
mated mortality of 177,000 cases per year [1]. Overall oral
cancer including oropharyngeal involvement is the sixth
most common cancer in the world [2]. A high incidence of
oral cancer is found in Southern Asia (India, Pakistan, Sri
Lanka, Taiwan, and China). More than 90% of cancers in the
oral cavity are squamous cell carcinoma [2]. The other com-
mon types of oral cancer are salivary gland malignancies and
sarcomas. Tobacco smoking, betel quid chewing, alcohol
use, poor oral hygiene, and mechanical irritation are the
known risk factors for developing squamous cell carcinoma
of the oral cavity [3]. Symptoms include discomfort, pain,
reduced mobility of the tongue, and irritation from wearing
dentures, although early squamous cell cancers may be
asymptomatic.

4.2  Anatomy of Oral Cavity: An Overview
The oral cavity extends from the junction of the skin and the
vermilion border of the lips to the junction of the hard palate
and the soft palate above, to the line of circumvallate papillae
below, and to the anterior tonsillar pillars laterally. The oral
cavity is divided into the following subsites: mucosal lips,
oral tongue (anterior two-thirds), upper alveolar ridge, lower
alveolar ridge, retromolar trigone, floor of mouth, buccal
mucosa, and hard palate (Fig. 4.1) [4].

The mucosal lip begins at the junction of the vermilion
border with the skin and includes only the vermilion surface
or the portion of the lip that comes in contact with the oppos-
ing lip. The anterior two-thirds of the tongue is the freely
mobile portion of the tongue that extends anteriorly from the
line of circumvallate papillae to the undersurface of the
tongue at the junction with the floor of the mouth. The lower
alveolar ridge is the mucosa overlying the alveolar process of
the mandible, which extends from the line of attachment of
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Hard plate Tongue

Upper alveolar ridge

Mucosal lips
Lower alveolar ridge

Buccal mucosa

Retromolar
gingiva

Floor of mouth \

Fig. 4.1 Subsite of the oral cavity according to the AJCC 8th edition.
Oral cavity divided into the mucosal lip, tongue, lower and upper alveo-
lar ridge, retromolar gingiva, floor of mouth, buccal mucosa, and hard
plate

mucosa in the lower gingivobuccal sulcus to the line of
attachment of the floor of mouth. The upper alveolar ridge is
the mucosa overlying the alveolar process of the maxilla,
which extend from the line of attachment of mucosa in the
upper gingivobuccal sulcus to the junction of the hard palate.
The floor of the mouth is the mucosa overlying the mylohy-
oid and hyoglossus muscles, extending from the inner sur-
face of the lower alveolus to the undersurface of the tongue.
The retromolar trigone is the mucosa overlying the ascend-
ing ramus of the mandible. The buccal mucosa includes the
mucosa of the inner surface of the cheeks and the lips from
the line of contact of the opposing lips to the line of attach-
ment of mucosa of the upper and lower alveolar ridge. The
hard plate extends from the inner surface of the superior
alveolar ridge to the posterior edge of the palatine bone.
Further detailed anatomy is explained under imaging sec-
tions of each subhead.

4.3 TNM Classification

TNM classification for oral cancer on AJCC/UICC
(American Joint Committee of Cancer/International Union
Against Cancer) 8th edition (2017) is shown in Table 4.1.

4.3.1 T Classification

Although there were several minor changes in the 8th edition
of AJCC and UICC, T1-3 classification is determined by the
depth of invasion (DOI) and tumor size. Pathologically, DOI
is measured by identification of the “horizon” of the base-
ment membrane of the adjacent squamous mucosa. A per-
pendicular “plumb line” is dropped from this horizon to the

Table 4.1 TNM classification of the American Joint Committee of
Cancer (AJCC), International Union Against Cancer (UICC) 8th edi-
tion (2017)

T classification
T1 Tumor <2 cm with depth of invasion (DOI) <5 mm

T2 | Tumor <2 cm with DOI >5 mm or tumor >2 cm and <4 cm
with DOI <10 mm

T3 | Tumor >2 cm and <4 cm with DOI >10 mm or tumor >4 cm
with DOI <10 mm

Moderately advanced local disease, tumor >4 cm with DOI
>10 mm

or tumor invades adjacent structures only (e.g., through
cortical bone of the mandible or maxilla or involves the
maxillary sinus or skin of the face)

Note: Superficial erosion of bone/tooth socket (alone) by a
gingival primary is not sufficient to classify a tumor as T4

T4a

T4b | Very advanced local disease, tumor invades masticator space,
pterygoid plates, or skull base, and/or encases the internal

carotid artery

N Classification
NX
NO

N1 | Metastasis in a single ipsilateral lymph node, 3 cm or smaller
in greatest dimension, ENE (—)

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

N2 | Metastasis in a single ipsilateral node larger than 3 cm but
not larger than 6 cm in greatest dimension and ENE (—); or
metastases in multiple ipsilateral lymph nodes, none larger
than 6 cm in greatest dimension and ENE(—); or in bilateral
or contralateral lymph nodes, none larger than 6 cm in
greatest dimension and ENE (—)

Metastasis in a single ipsilateral node larger than 3 cm but
not larger than 6 cm in greatest dimension and ENE (—)
Metastases in multiple ipsilateral nodes, none larger than

6 cm in greatest dimension and ENE (—)

Metastases in bilateral or contralateral lymph nodes, none
larger than 6 cm in greatest dimension and ENE (—)

N3 | Metastasis in a lymph node larger than 6 cm in greatest
dimension and ENE (—); or Metastasis in any node(s) and
clinically overt ENE (+)

Metastasis in a lymph node larger than 6 cm in greatest
dimension and ENE (-)

Metastasis in any node(s) and clinically overt ENE (+)

N2a

N2b

N2c¢

N3a

N3b

deepest point of tumor invasion, which represents the DOI
[4]. Multiple studies have shown a strong relationship of
DOI to disease-free survival, overall survival, and develop-
ment of neck metastases [5, 6].

T4a includes tumor size more than 4 cm with DOI more
than 10 mm, invasion through the cortical bone of the man-
dible or maxilla, and involvement of the maxillary sinus or
the skin. T4b includes invasion of the masticator space, pter-
ygoid plates, or skull base and/or encasement of the internal
carotid artery. A superficial erosion of the mandible or max-
illa by a primary gingival lesion is notably not sufficient to
classify as T4. Radiologists need to assess these structures,
especially the deep structures, which are inaccessible by a
physical examination.
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4.3.2 N classification

N classification is determined mainly by the size, number,
and distribution of lymph node involvement. In addition,
extra-nodal extension (ENE) is classified as N3b by the
AJCC 8th edition [4]. Clinical ENE in AJCC 8th edition is
defined as unquestionable ENE by physical examination that
is supported by radiological evidence. Therefore, radiolo-
gists need to evaluate ENE for clinical N staging. If ENE
with invasion of adjacent structures is strongly suspected on
imaging but is physically undetectable, a second-look physi-
cal examination is recommended.

4.4 Imaging Techniques

441 CT

Computed tomography can take a wide range of body images
in a short time, and CT is the standard method for radiologic
evaluation of primary tumors and lymph node and distant
metastases in head and neck cancer. CT is also excellent for
the evaluation of erosion or destruction of cortical bone.
However, dental artifacts sometimes create difficulty in
assessment of oral cancer. Iterative metal artifact reduction
algorithm and dual-energy CT with monochromatic image
reconstruction have been investigated to reduce metal arti-
facts [7-9].

Slice thickness should be 3 mm or less for evaluation of
the primary tumor and lymph node metastases. Coronal
reconstruction is useful for evaluation of oral cancer. For
evaluation of the bone, slice thickness should be 1 mm or
less. Bone invasion can be evaluated more accurately by
cross-sectional images using multiplanar reconstruction
(MPR) for the anterior part of the mandible and long and
short axis reconstruction for the posterior part. In addition,
CT-generated panoramic view clearly shows the range of
bone destruction [10]. An example of a CT protocol is shown
in Table 4.2.

Table 4.2 Example of CT protocol

Range of Slice
reconstruction Plane Window | thickness | FOV
From the skull base Axial Soft 3 mm 24 cm
to thoracic inlet
Oral cavity(primary) | Axial Soft/ 1 mm 16 mm
bone
Coronal* | Soft/ 1 mm 16 mm
bone
Sagittal* | Soft/ 1 mm 16 mm
bone

20blique coronal and sagittal images are also reconstructed if bone
invasion is suspected. Panoramic view is generated if necessary
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Table 4.3 Example of MRI protocol
Sequence Plane Slice thickness | FOV Matrix
TIWI Axial 3 mm 25mm |512x512
T2WI Axial 3 mm 25mm | 512 %512
Coronal
DWI Axial 3 mm 25 mm | 128 x 128
STIR Coronal | 3 mm 25mm |512x512
3D-TIWI Axial® 1 mm 23 mm | 320 x 320
Gd-FS-T1WI Axial 3 mm 25mm |512 %512
Coronal
3D-Gd FS-T1WI | Axial® 1 mm 23 mm | 320 x 320

*Coronal and axial images are also reconstructed from 3D sequence

44.2 MRI

Magnetic resonance imaging has excellent soft-tissue con-
trast and is useful for the evaluation of primary tumor
extension. Furthermore, MRI is less susceptible to metal
artifacts compared with CT in general. However, MRI may
have motion artifacts due to swallowing motion or move-
ment of jaw.

The slice thickness in MRI is 3 mm or less. Routinely,
T1-weighted, T2-weighted, STIR, and DWI images are
obtained on axial and/or coronal plane. Thin slice 3D
T1-weighted images and reconstruction images are useful
for precise evaluation [11]. Usually, fat-suppression is used
for contrast-enhanced T1-weighted images. Example of an
MRI protocol is shown in Table 4.3.

4.5 Imaging of Oral Cancer

4.5.1 MucosalLip

Cancer involving only the mucosal part of lips is classified as
oral cancer, while cancer involving the rest of lip is classified
as skin cancer. The mucosal lip is subdivided into the upper
lip, the lower lip, and the commissures of the mouth. Lower
lip cancer is more common as compared to upper lip cancer.
Squamous cell carcinomas that arise in the upper lip and the
oral commissures have a worse prognosis than those origi-
nating in the lower lip [12].

The extension pattern of cancer of the lips and its related
anatomy on MRI is shown in Fig. 4.2. Lower lip cancer may
invade the skin anteriorly, the submucosal fat and orbicularis
oris muscle inferiorly, and the mandible and buccal mucosa
posteriorly (Fig. 4.3). Upper lip cancers have the potential
for invasion into the premaxillary region and the nasal cavity.
Lower and upper lip cancers are well evaluated in sagittal
images, and the commissures are easily depicted in coronal
images in CT scan. Carcinoma of the oral commissures eas-
ily invades the upper and lower lips and the buccal mucosa
(Fig. 4.4).
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Fig. 4.2 Extension pattern of
the lip cancer and related
anatomy in MRI. (a) Sagittal
T2-weighted image and (b)
Axial T2-weighted image.
Extension pattern is indicated
by arrows and a lower letter
corresponding with the bullet.
(1) Skin, (2) orbicularis oris
muscle, (3) mandible, (4)
maxilla, (5) buccinator
muscle, (6) levator anguli oris
muscle

a. Anterior
Direct invasion to the skin

b. Inferior
Direct invasion to the submucosal
fat or orbicularis oris muscle

c. Posterior
Direct invasion to the buccal
mucosa, mandible or maxilla

d. Lateral
Direct invasion to the buccal
mucosa, buccinator muscle or
levator anguli oris muscle

Fig.4.3 A 59-year-old woman with squamous cell carcinoma of the lower lip. (a) The tumor is seen at the vermilion of the lip (arrow). (b) Sagittal
contrast-enhanced CT shows tumor invasion into the submucosal fat and contact with the orbicularis oris muscle (arrow)
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Fig. 4.4 A 73-year-old woman with squamous cell carcinoma of the
right commissure of the mouth. (a) The tumor extends from commis-
sure of the mouth to the lower and upper vermilion of the lip and buccal

Surgical excision is generally preferred for the treatment
of lip carcinoma. Defects that involve less than two-thirds of
the lip may be closed primarily, while defects involving up to
three-quarters of the lip need to be reconstructed with full
thickness pedicled flaps from the uninvolved lip (Abbe-
Estlander flaps) [13].

4.5.2 Tongue

The tongue consists of intrinsic and extrinsic muscles. The
intrinsic muscles are the transverse, vertical, superior longi-
tudinal, and inferior longitudinal muscles. These muscles
originate and insert within the tongue. The extrinsic muscles
include the genioglossus, hyoglossus, styloglossus, and pala-
toglossus muscles. These muscles have external bony origins
and terminate in the tongue. Hence, tongue carcinoma has
the potential to spread along the extrinsic muscles to external
regions. Neurovascular bundles run medial and lateral to the
hyoglossus muscle. The lingual nerve and the hypoglossal
nerve run lateral to the hyoglossus muscle. Tongue cancer
most frequently originates in the lateral borders but also
occurs on the dorsum, apex, and the undersurface of tongue.
Extension pattern of carcinoma of the tongue and its related
anatomy on MRI are shown in Fig. 4.5.

In tongue cancer, T classification is mainly determined by
the tumor size and DOI. Pathologically, DOI is measured

mucosa (arrowheads). (b) Post-contrast T1-weighted image with fat
suppression shows tumor extension to the lower lip (arrow) and upper
lip (arrowhead)

using a perpendicular “plumb line” from the basement mem-
brane of adjacent normal mucosa to the deepest point of
tumor invasion. Although measurement method of DOI is
not radiologically defined, the measurement is performed
considering the pathological DOI. The reference line is
determined as that which connects the junction of both side
point of tumor and the normal mucosa on imaging (Fig. 4.6).
The length of the perpendicular line from the reference line
to the deepest invasion point represents the radiologic
DOI. In MRI, the normal mucosa is easily defined on
contrast-enhanced T1-weighted images. Another method of
DOI measurement is to subtract the distance between the
deepest points of tumor invasion and the lingual septum from
the distance between the lingual septum and the border of
tongue of the intact side (Fig. 4.6¢c). DOI measurements
recorded in MRI are 1-3 mm larger than those recorded in
the pathologic examination [14, 15]. In ulcerative lesions
and elevated lesions, the thickness of the tumor and the DOI
are different (Fig. 4.6d).

In addition to tumor size and DOI, accurate assessment of
extent of tumor is important for treatment planning. Tongue
cancers easily infiltrate the hyoglossus muscle under the
mucosa (Fig. 4.7). When it infiltrates further, it invades the
neurovascular bundles, genioglossus muscle, and lingual sep-
tum and may also invade to the opposite side of the tongue.
Invasion of the neurovascular bundles affects treatment and
prognosis [16]. Tumors may extend deep along the transverse
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Fig. 4.5 Extension pattern of
tongue cancer and related
anatomy in MRI. (a) Coronal
T2-weighted image and (b)
Axial T2-weighted image.
Extension pattern is indicated
by arrows and a lower letter
corresponding with the bullet.
(1) hyoglossus muscle, (2)
neurovascular bundle, (3)
genioglossus muscle, (4)
tongue septum, (5) glosso-
mylohyoid gap, (6) mandible,
(7) tonsil, (8) mylohyoid
muscle

a. Medial

Direct invasion to the hyoglossus muscle, neurovascular bundle, genioglossus

muscle, lingual septum

Extension along the intrinsic (transverse) muscles of the tongue

b. Inferior

Direct invasion to the sublingual space, neurovascular bundles, glosso-mylohyoid

gap or mylohyoid muscle

Extension along the hyoglossus muscle to the sublingual space and hyoid bone
Perineural spread along the hypoglossal or lingual nerves

c. Lateral

Direct invasion to the oral floor, lower gingiva or mandible
Mandibular invasion from tumor extension along the mylohyoid muscle

d. Posterior

Direct invasion to the base of tongue, palatoglossus muscle or tonsils
Extension to the anterior palatine arch and soft palate along the palatoglossal

muscle

Extension to the parapharyngeal space along the styloglossus muscle (d’)

muscles. Tumors may spread downward along the hyoglossus
muscle and reach the sublingual space and the hyoid bone.
Perineural extension along the lingual or hypoglossal nerve
may also be seen. Additionally, tumors may also extend to
glosso-mylohyoid gap, a space between the hyoglossus and
the mylohyoid muscles, and may invade the submandibular
gland or ducts. Obstruction of the submandibular duct due to
tumor invasion causes secondary submandibular adenitis.
Lingual tumors may further extend to the floor of the mouth,
the gingiva, and the mandible. Mandibular invasion along the
mylohyoid muscle may be seen. Posteriorly, tumors may
extend along the styloglossus muscle to the parapharyngeal
space (Fig. 4.8). Less frequently, extension to the palatoglos-
sus muscle (anterior palatine arch) may occur. The tumor also
extends to the oropharynx (lingual base and tonsils) and the
supraglottic region.

4.5.3 Lower Alveolar Ridge (Lower Gingival
Cancer)

The lower gingiva covers the alveolar process of the mandi-
ble. The retromolar trigone is located posteriorly, the buccal

mucosa laterally, and the oral floor medially. Gingival cancer
may occur in any part of the lower gingiva, but it occurs fre-
quently in the molar area and is often present at the alveolar
crest. Gingival cancer sometimes reveals as an area of incom-
plete healing after tooth extraction [17]. Extension pattern of
carcinoma of the lower gingiva and its related anatomy on
MRI are shown Fig. 4.9.

Gingival cancer invades the cortex of the mandible located
under the gum and extends into the bone marrow (Fig. 4.10).
Superficial erosion of bone or tooth socket by a gingival can-
cer is not enough to classify the tumor as T4 according to the
AJCC 8th edition. All tumors of the oral cavity have the abil-
ity to invade the mandible. The prevalence of mandibular
bone invasion in head and neck cancer ranges from 12 to 56%
[18, 19]. The sensitivity and specificity of detection of man-
dibular bone infiltration are 72% and 90% on CT and 78%
and 83% on MRI, respectively [20].CT can easily detect bone
erosion or destruction, but the evaluation of bone marrow
infiltration often presents a challenge. Gingival cancer tends
to invade bone marrow in areas without bone cortex, such as
the alveolar crest, extraction socket, and nutrition canal.

MRI is superior to CT for assessment of bone marrow
invasion, and accurate evaluation of tumor extension to the
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Fig. 4.6 Example of the measurement of DOI and tumor thickness. A
63-year-old man with squamous cell carcinoma of the tongue (right
boarder). (a) The tumor protrudes from the tongue surface (arrow). (b)
Presumable reference line (dashed line) and perpendicular line from the
reference line to the deepest invasion point (double-headed arrow) rep-
resents DOI (9 mm). (¢) Another method of measurement of DOI is

bone marrow is essential for optimal treatment. Vertical and
horizontal extension of mandibular bone marrow infiltration
needs to be assessed. Similar intensities in the bone marrow
as the tumors on T2WI and T1WI are considered as tumor
invasion. In case the signal intensity is reduced on T1WI, and
weak enhancements as compared to tumors are shown on
MRUI, it is difficult to identify the signal change if it caused

subtracting the distance between the deepest point of tumor invasion
and tongue septum (white double-headed arrow) from the distance
between the tongue septum and the opposite tongue border (black
double-headed arrow, DOI = 12 mm). Dashed line: tongue septum. (d)
The tumor thickness (white double-headed arrow, 16 mm) is different
from DOI. Pathological DOI was 11 mm

by tumor infiltration or inflammation due to periodontitis or
post-extraction alveolitis. Assessment of vertical extension is
needed to determine whether marginal resection can be
performed. Usually, marginal resection is possible if the
tumor limits itself within the upper two-thirds of the mandi-
ble. When the tumor reaches the mandibular canal, perineural
spread along the mandibular nerve may occur (Fig. 4.10e, f).
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Fig. 4.7 A 70-year-old man with squamous cell carcinoma of the  glosso-mylohyoid gap (arrowhead). (b) Post-contrast T1-weighted
tongue. (a) The tumor (T) invades the hyoglossus muscle and is in con- ~ image with fat suppression shows tumor invasion into the sublingual
tact with the neurovascular bundle, shown as flow void on T2-weighted ~ space and glosso-mylohyoid gap (arrow). Secondary submandibular
image (arrow). The tumor extends along the hyoglossus muscle to the — adenitis is also seen (arrowhead)

Fig. 4.8 A 65-year-old man with squamous cell carcinoma of the along the styloglossus muscle (arrow) posteriorly. Normal styloglossus
tongue. (a, b) Post-contrast T1-weighted image with fat suppression ~ muscle on the unaffected side (arrowhead)
shows the tongue cancer (T) invading the hyoglossus muscle and spread
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a. Inferior

canal

nerve
b. Lateral

Lower gingival cancer

Direct invasion to the mandible (bone
cortex and marrow) or mandibular

Bone marrow invasion from the alveolar
crest or extraction socket
Perineural spread along the mandibular

Upper gingival caner

e. Superior
Direct invasion to the alveolar
process (bone cortex and marrow or
maxillary sinus)

f. Lateral
Direct invasion to the gingivobuccal
sulcus, buccal mucosa, buccinator
muscle, or buccal fat-pad

g. Medial

Direct invasion to the gingivobuccal
sulcus, buccal mucosa, buccinator
muscle, or buccal fat-pad

c. Medial
Direct invasion to the oral floor,
sublingual space, lingual nerve, or
mylohyoid muscle
Extension along the mylohyoid muscle
towards the hyoid bone

d. Posterior
Direct invasion to the retromolar area,
mandibular ramus, or masticator space

Direct invasion to the hard palate
Perineural spread along the palatine
nerves

. Posterior

Direct invasion to the maxillary
tuberosity, retromolar trigone,
masticator space, pterygoid process,
or pterygopalatine fossa

Perineural spread along the posterior
superior alveolar nerve

Anterior

Direct invasion of the upper lip or
floor of the nasal cavity

Fig. 4.9 Extension pattern of the lower and upper gingival cancer and
related anatomy. (a) Coronal T2-weighted image, (b, ¢) Axial
T2-weighted image. Extension pattern is indicated by arrows and a
lower letter corresponding with the bullet. (1) mandible (bone cortex),

Perineural spread (PNS) is seen in MRI as an enlargement of
the mandibular canal, enlargement of the mandibular fora-
men, and thickening and enhancement of the nerve.

Gingival cancer may invade the oral floor or the sublin-
gual space along the mylohyoid muscle medially and the
buccal mucosa and the buccinator muscle laterally.
Posteriorly, the tumor extends to the retromolar trigone, the
mandibular ramus, and the masticator space.

4.5.4 Upper Alveolar Ridge (Upper Gingival
Cancer)

The upper gingiva covers the alveolar ridge of the maxilla.
The maxillary tuberosity is located posteriorly, the buccal

(2) mandible (bone marrow), (3) mandibular canal, (4) buccinator mus-
cle, (5) buccal fat-pad, (6) sublingual space, (7) mylohyoid muscle, (8)
mandibular ramus, (9) masticator space, (10) alveolar process, (11)
maxillary sinus, (12) hard plate, (13) maxillary tuberosity

mucosa laterally, and the hard palate medially. Upper gingi-
val cancer may occur in any part of the upper gingiva, but it
most often occurs in the molar area and is often present at the
alveolar crest [21]. Upper gingival cancer is sometimes dif-
ficult to distinguish from cancer of the hard palate or the
maxillary sinus. Extension pattern of carcinoma of the upper
gingiva and its related anatomy on MRI are shown in Fig. 4.9.

Upper gingival cancer invades alveolar process superiorly.
When maxillary sinus is well pneumatized, the bone of alveo-
lar process becomes thin and tumors easily invade into maxil-
lary sinus. As stated earlier, superficial erosion of bone or
tooth socket by a gingival cancer is not enough to classify a
tumor as T4. Posteriorly, upper gingival cancer extends to the
maxillary tuberosity, which may be infiltrated through the
alveolar foramen. Cancer also may extend to the retromolar
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Fig. 4.10 A 74-year-old woman with squamous cell carcinoma of the
lower gingiva. (a) CT shows bone destruction by the tumor (T), but the
extension of tumor could not be assessed. (b, ¢) Lower gingival cancer
located at molar lesion invades into the bone marrow, which shows low
signal intensity on the TIl-weighted image (b) and post-contrast
T1-weighted image with fat suppression (c¢). Range of tumor extension

area, pterygoid plate, pterygoid muscles, retroantral fat,
and pterygopalatine fossa (Fig. 4.11). Carcinoma of the
anterior part of the upper gingiva may invade the inner
mucosa of the upper lip or the nasal cavity (Fig. 4.12).
Medially, the tumor extends to the hard palate and may
extend beyond the midline. Laterally, the tumor extends
from the gingival buccal groove to the buccal mucosa, buc-
cinator muscle, and buccal fat-pad. PNS along the poste-
rior superior alveolar nerve and the greater and lesser
palatine nerves (V2) may be seen.

could be evaluated on the MRI (arrowheads in b, ¢), and the mandibular
canal is also involved. (d, e) Axial post-contrast T1-weighted image
shows perineural spread along the mandibular nerve to the mental fora-
men anteriorly (arrow in d) and masticator space posteriorly (arrow in
e). (f) Extension of bone marrow infiltration overlaid on panoramic
view is useful for surgical planning

4.5.5 Retromolar Trigone

Retromolar trigone is a triangular mucosa overlying the ver-
tical ramus of the mandible extending up to the maxillary
tuberosity (Fig. 4.1). The lower part of the retromolar trigone
corresponds to retromolar fossa which is bounded by the
internal oblique ridge medially and the buccinator crest later-
ally. The pterygomandibular raphe is a tendinous band
between the hamulus of the medial pterygoid plate and the
posterior end of the mylohyoid line of the mandible [22].
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Fig. 4.11 A 67-year-old man with squamous cell carcinoma of the
upper gingiva. (a) Axial contrast-enhanced CT shows that the tumor (T)
replaces the right posterior part of the alveolar process including the
maxillary tuberosity and invades the pterygoid plate and pterygoid mus-

- -—

Fig.4.12 A 71-year-old woman with squamous cell carcinoma of the
upper gingiva. Sagittal post-contrast T1-weighted image with fat sup-
pression shows tumor (T) invasion into the inner mucosa of the upper
lip and orbicularis oris muscle anteriorly (arrow), and floor of the nasal
cavity superiorly (arrowhead)

It gives attachment to buccinator and superior constrictor
muscles. It is recognized as a pterygomandibular fold in the
mouth. The palatoglossus muscle runs more medially and

cle (arrow). (b) Coronal contrast-enhanced CT image shows tumor
invasion into the gingivobuccal sulcus and superior part of the buccina-
tor muscle laterally (arrow) and the maxillary sinus superiorly (arrow-
head). Involvement of the right hard plate is also seen

forms the anterior palatine arch. Extension pattern of carci-
noma of the retromolar area and its related anatomy on MRI
are shown in Fig. 4.13.

Since the mandible is located directly beneath the submu-
cosa of the retromolar area, a retromolar gingival cancer eas-
ily invades the mandible (Fig. 4.14). The incidence of bone
invasion in retromolar gingival cancer ranges from 14 to
75% of cases [23]. The oblique CT image with bone recon-
struction algorithm is useful for detection of bone invasion of
retromolar area. A study reported the sensitivity, specificity,
and accuracy of CT for mandibular cortical and for bone
marrow invasion to be 94, 90, and 91.8% and 83, 92, and
89%, respectively [23]. Posteriorly, tumors extend to the
medial pterygoid muscle from the pterygomandibular space
between the medial pterygoid muscle and the medial surface
of ramus of the mandible (Fig. 4.15). Invasion to the ptery-
goid muscles cause trismus. Tumors may extend to the ante-
rior palatine arch and tonsillar fossa. During upward
extension along the pterygomandibular raphe, tumors extend
to the pterygoid process and the maxillary tuberosity.
Laterally, tumors extend to the buccal mucosa, buccinator
muscle, and buccal fat-pad. Medially, tumors may invade the
oral floor and the mylohyoid muscle.

4.5.6 Floor of the Mouth

The floor of the mouth is a horizontally aligned U-shaped
space situated in the oral cavity [24]. Carcinoma of the floor
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Fig. 4.13 Extension pattern
of the cancer of the retromolar
area and related anatomy. (a)
Axial T2-weighted image, (b)
Coronal T2-weighted image.
Extension pattern is indicated
by arrows and a lower letter
corresponding with the bullet.
(1) mandible ramus, (2)
masticator space, (3) anterior
palatine arch, (4) tonsil, (5)
buccinator muscle, (6) buccal
fat-pad, (7) lower gingiva, (8)
mylohyoid muscle, (9)
maxillary tuberosity

a. Posterolateral
Direct invasion to the mandibular ramus, fat tissue in front of the
mandibular ramus, or masticator space
Invasion of the pterygoid muscle from the pterygomandibular space
Perineural spread along the mandibular nerve
b. Posteromedial
Direct invasion to the pterygomandibular raphe, anterior palatine arch, or
pharyngeal constrictor muscle
c. Anterolateral
Direct invasion to the buccal mucosa, buccinator muscle, or buccal fat-pad
d. Anterior
Direct invasion to the lower gingiva
e. Medial
Direct invasion to the oral floor or mylohyoid muscle
f. Superior
Direct invasion to the maxillary tuberosity or upper gingiva
Extension to the pterygoid process along the pterygomandibular raphe
Perineural spread along the posterior superior alveolar nerve to the retro-
antral fat

Fig. 4.14 A 71-year-old woman with squamous cell carcinoma of the retromolar area. (a) The tumor (T) is located at left retromolar area. (b)
T2-weighted image shows tumor invading the mandibular ramus (arrow), which is not detected in the intraoral findings
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Fig. 4.15 A 55-year-old woman with squamous cell carcinoma of the
retromolar area. (a) T2-weighted image show tumor of the retromolar
trigone (T) extending to the buccinator muscle anteriorly (arrowhead),
pterygomandibular raphe, constrictor muscle, and anterior palatine arch
posteriorly (arrows). (b) The tumor (T) also invades the pterygoman-
dibular space of the masticator space (arrow) and the medial pterygoid

of mouth is classified as anterior and lateral types. Anterior
type carcinoma is more common than the lateral type. It is
often difficult to distinguish oral floor cancer from sublin-
gual gland tumors on imaging analysis; however, sublingual
tumor is identifiable as a submucosal lesion on clinical
examination. Extension pattern of carcinoma of the oral floor
and its related anatomy on MRI are shown in Fig. 4.16.

muscle (arrowhead) on T2-weighted image. (¢) Tumor extends around
the pterygoid plates and retroantral fat superiorly (arrowhead) on
T2-weighted image. (d) Coronal post-enhanced T1-weighted image
with fat suppression shows the tumor extends to the bone marrow of the
mandible (arrow), pterygomandibular space (white arrowhead), and
soft palate of the oropharynx (black arrowhead)

The sublingual space is located under the mucosa of the
oral floor, which contains the sublingual gland and the hyo-
glossus muscle. Therefore, cancers of the floor of the mouth
invade early into the sublingual space. Tumors may invade
the genioglossus muscle, geniohyoid muscle, and hyoglos-
sus muscle and may extend along these muscles to the man-
dible or the hyoid bone (Fig. 4.17). Laterally, tumors may
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Fig.4.16 Extension pattern
of the cancer of the oral floor
and related anatomy. (a)
Coronal T2-weighted image,
(b) Axial T2-weighted image.
Extension pattern is indicated
by arrows and a lower letter
corresponding with the bullet.
(1) hyoglossus muscle, (2)
neurovascular bundle, (3)
genioglossus muscle, (4)
tongue septum, (5) sublingual
gland, (6) mylohyoid muscle,
(7) mandible, (8) glosso-
mylohyoid gap, (9)
submandibular gland, (10)
tonsil, (11) geniohyoid
muscle

a. Medial

Direct invasion to the hyoglossus muscle, neurovascular bundle, genioglossus

muscle, or lingual septum
b. Inferior

Direct invasion to the sublingual gland, mylohyoid muscle, or neurovascular

bundle

Perineural spread along the lingual or hypoglossal nerve

c. Lateral

Direct invasion to the mandible

Extension along the mylohyoid muscle to the mandible

d. Anterior (anterior type)

Direct invasion to the mandible

Extension along the genioglossus muscle to the mandible

e. Posterior (anterior type)

Direct invasion to the genioglossus muscle, geniohyoid muscle

f. Posterior (lateral type)

Direct invasion to the glosso-mylohyoid gap, submandibular gland, base of

tongue, and tonsils

invade the mandible from the gingival mucosa or along the
mylohyoid muscle (Fig. 4.18). Posterolaterally, tumors
invade the submandibular space from the glosso—mylohyoid
gap and the lateral wall of oropharynx from the base of
tongue or the tonsillolingual sulcus. Tumor invasion of the
Wharton ducts results in obstructive submandibular siaload-
enitis (Fig. 4.18b).

There is a significantly high incidence of occult meta-
static disease (21%) for T1 floor of mouth tumors [25].
Anterior type cancer may metastasize to bilateral lymph
nodes.

4.5.7 Buccal Mucosa

Buccal cancer may develop in any part of the buccal mucosa,
but it often occurs near the buccal mucosal ridge where the
upper and lower teeth meet [21, 26]. Buccal cancer includes
cancer of the inner surface of the lip [4]. Extension pattern of
buccal carcinoma and its related anatomy on MRI are shown
in Fig. 4.19.

Buccal mucosal cancers invade the submucosal fat,
buccal muscle, and/or orbicularis oris muscle and extend
into the buccal fat-pad (Fig. 4.20). As it progresses, it
invades the skin and the masticator space. Patients with a
tumor thickness less than 6 mm may have a better survival
rate [27]. Invasion of the parotid duct or its opening may
result in secondary obstructive parotitis (Fig. 4.20c).
Upper and lower extension leads to invasion of the gingi-
val buccal groove and the mandible and maxilla, respec-
tively. The confirmation of extension to the gingiva is
necessary for evaluation of invasion of mandible or max-
illa; however, such confirmation is difficult on imaging
analysis. Puffed check technique is useful for distinction
of cancers of buccal mucosa from that of gingival mucosa
and makes determination of extension of cancer easier
(Fig. 4.20b). Tumors also extend to the mandible or max-
illa along the buccinator muscles. Skin invasion is seen in
11% of cases and bone involvement in 39.9% [28]. Cancer
of the buccal mucosa may extend to the retromolar area,
showing the same invasion pattern as a cancer of the retro-
molar trigone.
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Fig.4.17 A 55-year-old woman with squamous cell carcinoma of the
oral floor (anterior type). (a) Axial T2-weighted image shows the tumor
(T) is located anterior part of the floor of the oral cavity. (b) Coronal
T2-weighted image shows bilateral genioglossus muscle is replaced by

4.5.8 Hard Palate

The hard palate forms the upper wall of the oral cavity. Its
bony wall consists of the maxilla anteriorly and the palatine
bone posteriorly. Hard palate has a greater and a lesser pala-
tine foramen through which the greater and lesser palatine
nerves pass. Nasopalatine foramen is located at the anterior
part which transmits the nasopalatine nerve, originating from

the tumor (T). Bilateral sublingual glands are preserved (arrow). (d, e)
On the sagittal T1-weighted image and post-contrast T1-weighted
image with fat suppression, the tumor (T) invades into the bone marrow
of the mandible from the tooth socket (arrow)

the maxillary nerve. The hard palate contains minor salivary
glands which show slightly higher signal intensity on
T2-weighted images. Alveolar processes are present bilater-
ally and are continuous with the gingival mucosa. Among the
various types of hard palate cancer, the proportions of minor
salivary grand malignancies such as adenoid cystic carci-
noma or mucoepidermoid carcinoma are higher than that of
squamous cell carcinoma [29]. Moreover, benign salivary
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Fig.4.18 A 61-year-old woman with squamous cell carcinoma of the
oral floor (lateral type). (a) The tumor (T) is located at the lateral part of
the floor of the oral cavity on the post-contrast T1-weighted image with
fat suppression. The tumor extends to the glosso-mylohyoid gap poste-
riorly (arrow). The stronger enhancement of the right submandibular

Fig. 4.19 Extension pattern
of the cancer of the buccal
mucosa and related anatomy.
(a) Axial T2-weighted image,
(b) Coronal T2-weighted
image. Extension pattern is
indicated by arrows and a
lower letter corresponding
with the bullet. (1) mandibular
ramus, (2) masticator space,
(3) submucosal fat, (4)
buccinator muscle, (5) buccal
fat-pad, (6) lower
gingivobuccal sulcus, (7)
mandible, (8) upper
gingivobuccal sulcus, (9)
alveolar process, and (10)
maxillary sinus

a. Posterior

gland compared with the left one reveals the obstructive sialadenitis
(arrowhead). (b) On coronal T2-weighted image, the tumor (T) invades
the mylohyoid muscle (arrow) and extends to the mandible along the
mylohyoid muscle (arrowhead)

Direct extension to the retromolar area and invasion of the mandibular
ramus, pterygomandibular raphe, or masticator space
Extension to the infratemporal fossa from buccal space

b. Lateral

Direct invasion to the submucosal fat, buccinator muscle, buccal fat-pad,

parotid duct, or skin
c. Superior

Direct invasion to the upper gingivobuccal sulcus, upper gingiva, or

maxilla

Extension along the buccinator muscle to the maxilla (c’)

d. Inferior

Direct invasion to the upper gingivobuccal sulcus, lower gingiva, or

mandible

Extension along the buccinator muscle to the mandible (d’)
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Fig. 4.20 A 60-year-old woman with squamous cell carcinoma of the
buccal mucosa. (a) Coronal T2-weighted image shows the tumor (T)
invading submucosal fat and buccinator muscle but does not extend to
the buccal fat (arrow). (b) Post-enhanced T1-weighted image with

gland tumors, such as pleomorphic adenoma, may also occur.
Extension pattern of carcinoma of the hard palate and its
related anatomy on MRI are shown in Fig. 4.21.

Carcinoma of hard plate invades the bone of hard palate
superiorly and may extend to the nasal cavity and the maxil-
lary sinus (Fig. 4.22). Laterally, it invades the gingival and
alveolar processes; in this scenario, evaluation of extent of
bone marrow invasion becomes necessary. Cancers may

puffed cheek technique shows the tumor does not extends to the upper
and lower gingivobuccal sulcus (arrow). (¢) STIR image shows second-
ary parotitis (arrow) due to invasion of the parotid duct

extend along the greater and lesser palatine nerves from the
palatine foramen to the pterygopalatine fossa (Fig. 4.23).
Perineural spread is visualized as an enlarged foramen and
fat obliteration of the pterygopalatine fossa. Posterolaterally,
tumors extend to the maxillary tuberosity, the pterygoid pro-
cess, and pterygoid muscles. The posterior part of the hard
palate is continuous with the soft palate, which belongs to
the oropharynx.
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Fig.4.21 Extension pattern
of the cancer of the hard plate
and related anatomy. (a)
Coronal T2-weighted image,
(b) Sagittal T2-weighted
image. Extension pattern is
indicated by arrows and a
lower letter corresponding
with the bullet. (1) hard plate,
(2) nasal cavity, (3) alveolar
process, (4) maxillary sinus,
(5) nasopalatine canal, (6)
soft palatine, (7) uvula

a. Superior

Direct invasion of the hard palate, floor of the
nasal cavity, or greater and lesser palatine
nerves

Perineural spread along the maxillary nerve

b. Lateral

Direct invasion of the upper gingiva, alveolar
process, maxillary tuberosity, or maxillary
sinus (b’)

c. Anterior

Direct invasion of the nasopalatine canal,
upper gingiva, or alveolar process

d. Posterior

Direct invasion of the soft palate, uvula,
pterygoid process, pterygopalatine fossa, or
masticator space

Fig. 4.22 A 57-year-old woman with squamous cell carcinoma of the
hard plate. (a) Coronal contrast-enhanced CT shows the tumor (T)
invading the bilateral nasal cavity and maxillary sinus superiorly

(arrow). (b) Axial contrast-enhanced CT shows that the tumor (T)

replaces the maxillary process and invades the bilateral pterygoid pro-
cess and medial pterygoid muscles posteriorly (arrow). The tumor
extends to the soft palate (arrowhead)
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Fig.4.23 A 57-year-old woman with adenoid cystic carcinoma of the hard plate. (a, b) On post-enhanced T1-weighted image with fat suppres-
sion, the tumor (T) in the left hard plate spread to the left pterygopalatine fossa along the second division of the trigeminal nerve (arrow)

4.5.9 Lymph Node Metastasis

Lymph node metastases occur in about 40% of patients with
oral cancer [30]. Clinical manifestation is hidden in 15-34%
of cases. Oral cancer has a tendency to spread to levels I and
II. However, the lower nodal stations may be involved (levels
IIT or IV) without involvement of Level II (skip metastasis),
especially in tongue cancer [31]. Lymph nodes which are
less frequently involved but are nevertheless significant
includes the lateral and medial lingual nodes, mandibular
nodes, buccinator lymph node, and the retropharyngeal
lymph nodes [21] (Fig. 4.24).

According to the AJCC 8th edition, clinical ENE is clas-
sified as N3b. Definition of clinical ENE is unquestionable
ENE by physical examination which is supported by radio-
logical evidence. In oral cancer, Level I lymph node metasta-
sis may invade the mandible, submandibular gland,
mylohyoid muscle, and platysma (Fig. 4.24d). Level ITA
lymph nodes may invade the carotid artery, deep layer of
deep cervical fascia, submandibular gland, and hypoglossal
nerve.

4.6 Imaging of Post-treatment Change,
Complication, and Recurrence
4.6.1 Post-treatment Change

When surgery is performed without reconstruction, the sur-
gical defect is seen on imaging. Edema which is visualized
as hyperintensity on T2WI is observed during the early

postoperative phase. Fibrosis progresses in about 6 months,
and reduced signal intensity on T2-weighted images and
weakened contrast enhancement is observed with progress-
ing time. After surgery with reconstruction, myocutaneous
flap is visible at site of surgical defect (Fig. 4.25a).
Enhancement at the site of anastomosis of surgical flaps can
be seen over a long period [32]. Atrophy of the muscle in the
transplanted flap with fatty infiltration may be seen.

After radiotherapy, thickening of the skin and the pla-
tysma muscle, reticulation of the fat tissue, and increased
enhancement of the major salivary glands may be seen on
imaging [33]. These post-treatment changes become stable
at approximately 6—8 weeks.

4.6.2 Complications

Early surgical complications are abscess and fistula forma-
tion (Fig. 4.25). Mandibular osteoradionecrosis is a late
complication. The imaging findings of mandibular osteora-
dionecrosis include cortical interruptions, bone absorption,
bone sequestration, pathological fractures, soft tissue
swellings, and fistula formation [33]. Radiologically, the
diagnosis of tumor recurrence may sometimes be difficult.

4.6.3 Recurrence
Recurrence of superficial lesions can be confirmed clini-

cally, but recurrence at deep locations may be identified
only radiologically. Recurrence is likely to occur at limits of
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Fig. 4.24 Example cases of lymph node metastasis. (a) Right lateral  ular node metastasis (arrow) from buccal cancer. Nodal metastasis was
lingual lymph node metastasis (arrow) from tongue cancer is seen on  pathologically proven. (d) Nodal metastasis (N) invading into the man-
the STIR image. (b) Contrast-enhanced CT shows right para-hypoid dibular bone (arrow) is classified as clinical N3b with physical
lymph node metastasis (arrow). (¢) T2-weighted image shows mandib-  findings
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Fig. 4.25 Post-operative image of a 73-year-old woman with tongue tion is seen along the inner surface of the mandible (arrow) on the
cancer, complaining of discharge of pus at the submental region. (a) contrast-enhanced CT image. (¢, d) Fistula formation (arrow) and skin
Contrast-enhanced CT image shows fat tissue on the left side of the oral ~ swelling (arrow head) are seen on contrast-enhanced CT images

cavity due to reconstruction (arrow). (b) A small amount of fluid collec-
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Fig.4.26 A 78-year-old man with a recurrence of upper gingival squa-
mous cell carcinoma. (a) Upper gingival cancer (T) is seen on the pre-
operative T2-weighted image. (b) Routine follow-up MRI after surgery

the surgical margins (oral base, extrinsic lingual muscles,
mandible, perineural region, or lingual base) and at the
edges of the surgical flaps (Fig. 4.26) [34]. In addition, when
new symptoms, such as ear aches, occur, they may be caused
by referred otalgia due to local recurrence, and in these
cases, careful radiological evaluation is necessary [35]. The
primary finding of recurrence on CT is a soft tissue mass
with contrast enhancement. The main findings of recurrence
on MRI is soft tissue mass with high signal intensity on
T2-weighted images, intermediate intensity on T1-weighted
images, and contrast enhancement [32]. The apparent diffu-
sion coefficient values may be useful for differentiation of
recurrent tumors from post-treatment changes [36].
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Diagnostic Imaging of Laryngeal
and Hypopharyngeal Cancers

Hirofumi Kuno

Abstract

Laryngeal and hypopharyngeal cancers need to be pre-
cisely evaluated as treatment can have a substantial impact
on patients’ quality of life. Treatment strategies are deter-
mined based on each primary site, subsite, and degree of
local tumor spreading, taking into consideration the cur-
ability and predicted functional prognosis. Imaging plays
a crucial role in the staging of laryngeal and hypopharyn-
geal cancers, particularly when distinguishing the absence
or presence of laryngeal cartilage invasion by the tumor
and extralaryngeal spread. To define the optimal treat-
ment strategies, a thorough understanding of the tumor
spreading patterns with related anatomies, imaging tech-
nique including the potential applications, limitations,
and advantages of existing and evolving imaging tech-
nologies is necessary. In this chapter, we present a concise
overview of imaging procedures for staging and common
tumor spreading patterns of laryngeal and hypopharyn-
geal cancers in each subsite. We also discuss imaging
findings of posttreatment changes, treatment complica-
tions, and recurrence.

Keywords

Larynx - Hypopharynx - Squamous cell carcinoma -
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5.1 Introduction

Laryngeal and hypopharyngeal cancers are common malig-
nant tumors in the head and neck. Most of these cases are
squamous cell carcinomas (SCCs). The hypopharynx and
larynx are organs essential for the functions necessary to
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maintain life, such as breathing and eating, and also for
vocalizations which are important for sociality. Therefore,
laryngeal and hypopharyngeal cancers need to be precisely
evaluated as treatment can have a substantial impact on
patients’ quality of life.

Accurate staging of laryngeal and hypopharyngeal can-
cer requires imaging modalities such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI). As
with other early laryngeal and hypopharyngeal lesions, T1
and T2 lesions are often best staged with endoscopy. The
role of imaging is to determine cranial, caudal, and deep
extension and staging. In view of the functional and social
importance of the larynx, any decision on the optimal man-
agement strategy for laryngeal or hypopharyngeal cancer
must involve consideration of both potential survival and
functional consequences of any given treatment approach.
Since treatment is selected based on the precise recognition
of extent and invasion pattern of a tumor, imaging plays a
crucial role in any multidisciplinary approach for manage-
ment of laryngeal and hypopharyngeal cancers. Clinical
information including endoscopic findings given by clini-
cians supports imaging diagnosis. As such, collaboration
among radiologists, surgeons, and radiation oncologists is
important.

5.2 Epidemiology

More than 95% of the malignancies that arise in laryngeal
and hypopharyngeal carcinomas are SCCs and are closely
associated with tobacco and alcohol. Men are affected 5-10
times more frequently than women, and incidence increases
with advancing age, with median age at diagnosis of 65 years
[1, 2]. The patient population is similar to that affected by
lung cancer and increased incidence in patients of low socio-
economic status. Other risk factors for laryngeal carcinoma
include passive tobacco smoke exposure, occupational expo-
sure to chemical irritants, chronic irritation caused by reflux,
and viral exposure.
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5.3  Anatomy

The larynx and hypopharynx have closely interrelated
anatomy. The structure of the “laryngeal box” consists of
the epiglottis, thyroid cartilage, cricoid cartilage, and ary-
tenoid cartilage (Fig. 5.1). The hyoid bone is part of the
laryngeal skeleton. The “laryngeal box” is immediately
anterior to the hypopharynx, forming the anterior wall of
the hypopharynx. The larynx bulges into the anterior
aspect of the hypopharynx, and boundaries of the hypo-
pharynx are described as laryngeal subsites. Posteriorly,
the larynx is separated from the hypopharynx by the ary-
epiglottic folds (Fig. 5.2). Figure 5.3 shows an image dis-
section of laryngoscopy and endoscopy. Laryngoscopy
and endoscopy are usually inverted vertically and horizon-
tally. Radiologists should understand both fiber imaging
and cross-sectional imaging.

The hypopharynx is the portion of the aerodigestive
tract between the oropharynx (superior) and proximal cer-
vical esophagus (inferior). The superior boundary lies in a
plane at the hyoid bone level, and the inferior boundary is
the lower border of the cricoid cartilage. Immediately
posterior and deep to the hypopharynx is the retropharyn-
geal space.

Fig. 5.1 Overview of the anatomy of the larynx and hypopharynx.
Laryngeal box (yellow) and hypopharynx (blue). The “laryngeal box”
is immediately anterior to the hypopharynx, forming the anterior wall
of the hypopharynx. Thy thyroid cartilage, C cricoid cartilage, Ary ary-
tenoid cartilage, H hyoid bone, Ce cervical esophagus, Tr trachea

5.3.1 Anatomy of the Larynx

The superior border of the larynx is the free edge of the epi-
glottis, dividing it from the oropharynx. The inferior extent is
the lower border of the cricoid cartilage (Fig. 5.1). The lar-
ynx is divided into supraglottic, glottic, and subglottic sub-
sites (Figs. 5.2 and 5.3).

1. The supraglottic larynx can be subdivided into suprahy-
oid and infrahyoid regions, divided by the hyoid bone.
The supraglottic larynx includes the epiglottis (suprahy-
oid and infrahyoid components), aryepiglottic folds, ary-
tenoids, and false vocal cords. The lateral aspect of the
aryepiglottic folds forms the medial wall of the pyriform
sinus.

2. The glottic larynx is composed of the true vocal folds,
extending from the apex of the lateral ventricle (the infe-
rior boundary of the supraglottic larynx and superior mar-
gin of the true vocal fold) to the inferior margin of the true
vocal folds. The glottis comprises an area 1 cm in height,
extending caudal to the plane of the mid-ventricle. The
subsites of the glottic larynx include the anterior and pos-
terior commissures and the right and left true vocal cords.
The thyroarytenoid muscle also forms the vocalis muscle
medially. The anterior commissure is the site of attach-
ment of the vocal ligaments to the thyroid cartilage via
the anterior commissure tendon (Broyles ligament). The
posterior commissure is the posterior space between the
vocal cords, at the vocal process of each arytenoid
cartilage.

3. The subglottic larynx extends from the inferior margin of
the true vocal cord (approximately 1 cm below the laryn-
geal ventricle anteriorly), through the inferior border of
the cricoid cartilage. On axial cross-sectional imaging,
the immediate subglottic mucosa is usually smooth, thin,
and symmetric, without any significant soft tissue between
the cricoid cartilage and air column. Any abnormal soft
tissue in the subglottic lumen should raise the possibility
of tumor extension. Subglottic tumors are difficult to
assess endoscopically. Detection by radiologists is impor-
tant, as it will impact treatment planning and prognosis.

5.3.2 Anatomy of Hypopharynx

The hypopharynx is the portion of the pharynx extending
from the plane of the superior border of the hyoid bone (or
vallecula) to the plane corresponding to the lower border of
the cricoid cartilage. The hypopharynx is divided into the
pyriform sinuses (right and left), posterior hypopharyngeal
walls, and postcricoid region (Figs. 5.2 and 5.3).
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Fig. 5.2 CT anatomy of larynx and hypopharynx (a-f). The hypophar-
ynx is divided into the pyriform sinuses (green), posterior hypopharyn-
geal walls (orange), and postcricoid region (blue). Th (os) ossified
thyroid cartilage, Th (non-os) non-ossified thyroid cartilage, Th (fat) fat

PS(lat)

PS(med)

|

.

marrow orf the thyroid cartilage; PES, preepiglottic space; Epi, epiglot-
tis; Ar, arytenoid cartilage; TA, true vocal cord; FVC, false vocal cord;
PGS, paraglottic space; IA, inter-arytenoid; Thy, thyroid gland; CTL,
cricothyroid ligament; C, cricoid cartilage
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Fig. 5.3 Laryngoscopic (a, b) and endoscopic (¢) anatomy of larynx and hypopharynx. Note the laryngoscopy (a, b) and endoscopy (c¢) are usu-
ally inverted vertically and horizontally. AC anterior commissure, PS pyriform sinus, PW posterior wall

1. The pyriform sinus extends from the pharyngoepiglottic
fold to the upper end of the esophagus at the lower border
of the cricoid cartilage. It is bounded laterally by the lat-
eral pharyngeal wall and medially by the lateral surface of
the aryepiglottic fold and arytenoid and cricoid
cartilages.

2. The postcricoid area extends from the level of the aryte-
noid cartilages and connecting folds to the plane of the
inferior border of the cricoid cartilage. It connects the two
pyriform sinuses, which form the anterior wall of the
hypopharynx.

3. The posterior pharyngeal wall extends from the level of
the superior surface of the hyoid bone (or vallecula) to the
inferior border of the cricoid cartilage and from the apex
of one pyriform sinus to the other.

5.3.3 Deep Space of Larynx

Deep spaces (Fig. 5.4) of the larynx are important potential
paths of submucosal tumor spread from both laryngeal and oro-
pharyngeal tumors and cannot be identified on clinical examina-
tion. The preepiglottic space and paraglottic space are related to
the T classification of laryngeal cancer. The paraglottic space
also serves as a pathway leading hypopharyngeal cancer involv-
ing the pyriform sinus in an intralaryngeal direction. These
spaces are one of the routes for metastasis of laryngeal and
hypopharyngeal carcinoma, as many blood vessels are present.

5.3.3.1 Preepiglottic Space (PES)
The preepiglottic space is a fat-containing potential space
anterior to the epiglottis, extending superiorly to the hyoid
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Fig.5.4 Schema of the deep
space of larynx. Axial at the
glottic level (a) and coronal of
the larynx (b). PGS
paraglottic space, PES
preepiglottic space, CA
cricoid area

Qricoid area
S —

bone (Fig. 5.4b). It is bordered superiorly by the hyoepiglot-
tic ligament; anteriorly by the hyoid bone, thyrohyoid mem-
brane, and thyroid cartilage; and posteroinferiorly by the
thyroepiglottic ligament and epiglottic cartilage. The preepi-
glottic space is adjacent to the paraglottic space (PGS) pos-
teroinferiorly and is separated from it by fibrous tissue
termed the thyroglottic ligament. Posterosuperiorly, the two
spaces are not clearly delineated from each other [3].
Although this space can be seen in the axial plane, the pre-
epiglottic space is best evaluated in the sagittal plane on both
CT and MR imaging.

5.3.3.2 Paraglottic Space (PGS)

The paraglottic space is a paired, fat-filled potential space
between the mucosa and laryngeal cartilage framework
(Fig. 5.4) and is contiguous superiorly with the preepiglottic
space [4]. Laterally, the paraglottic space is surrounded by
the thyroid lamina. Posteriorly, the paraglottic space is sur-
rounded by the mucosa of the hypopharynx (pyriform sinus).
Medially, the PGS is surrounded by the thyroglottic liga-
ment, thyroarytenoid muscle, and aryepiglottic muscle at the
supraglottic level; thyroarytenoid muscle at the glottic level;
and thyroarytenoid muscle, lateral cricoarytenoid muscle,
and conus elasticus at the subglottic level. Inferiorly, the
paraglottic space is surrounded by the cricothyroid muscle.
The paraglottic space is mostly fat containing at the level of
the supraglottis, surrounding the laryngeal ventricle and con-
taining the thyroarytenoid (or vocalis) muscle at the level of
the glottis, with a thin sliver of fat laterally deep to the thy-
roid cartilage. The paraglottic space can be seen in the axial
plane but is more visible in the coronal plane in both CT
reformations and MR imaging.

5.3.3.3 Cricoid Area/Subglottic Space

The cricoid area/subglottic space of the human larynx is a
loose connective tissue (areolar tissue) area in the subglottis
composed of adipose tissue, loose elastic, and collagen fibers
(Fig. 5.4) [5, 6]. The cricoid area is the region of areolar tis-
sue medial to the internal perichondrium of the cricoid. The
cricoid area is bounded by the subglottic area and is fused
with the conus elasticus above and first tracheal ligament
below. The cricoid area is one of the routes for subglottic
spread and prelaryngeal spread and/or paratracheal metasta-
sis of laryngeal cancer [7]. Since many blood vessels, includ-
ing the superficial branch of the cricothyroid artery, are
present in the cricoid area, tumor invasion into the cricoid
area and intravascular tumor invasion facilitate metastasis to
the prelaryngeal, pretracheal, and/or paratracheal regions.

5.3.4 Laryngeal Cartilage

The laryngeal cartilages are frameworks and compartments
of the larynx. The major laryngeal cartilages are the thyroid,
cricoid, arytenoid, and epiglottic cartilages. The thyroid, cri-
coid, and arytenoid cartilages are composed of varying
amounts of ossified and non-ossified hyaline cartilage.
Ossified cartilage appears similar to the bone on CT, with a
peripheral hyperdense cortex and central hypodense medul-
lary cavity, whereas non-ossified bone has an appearance of
soft tissue (Figs. 5.2 and 5.5a). On MR imaging, ossified car-
tilage is hypointense peripherally on all sequences (similar to
cortical bone), with the medullary cavity similar to fat on all
sequences. Conversely, non-ossified hyaline cartilage
appears as an intermediate-to-low signal on both T1- and
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Th (os) 4

Fig. 5.5 Anatomy of the laryngeal cartilage. Contrast-enhanced CT (a) and T2-weighted image (b). Th thyroid cartilage, C cricoid cartilage, os

ossified, non-os fat fat marrow

T2-weighted sequences (Fig. 5.5b). There should be no post-
contrast enhancement within the medullary cavity of either
ossified or non-ossified cartilage. The trend is toward
increased cartilage ossification with advancing age; however,
these findings are extremely variable and irregular, often
making determination of laryngeal cartilage erosion or pen-
etration by adjacent tumors difficult, particularly on CT [8].
The epiglottis and vocal process of the arytenoid are com-
posed of yellow fibrocartilage and do not ossify (Fig. 5.2).

5.4 Imaging Techniques

541 CT

CT is the preferred initial imaging method for staging of
laryngeal and hypopharyngeal cancer. The images are
obtained with the patient supine and during quiet respiration
(not while holding the breath). The neck should be in slight
extension, and the head is aligned along the cephalocaudal
axis to allow comparison of symmetrical structures.
Malpositioning may create an appearance that simulates dis-
ease. Every effort should be made to make the patient feel
comfortable. Typically, a 100-mL injection of 300 mgl/mL
iodinated contrast medium is injected at a rate of 2.5—
3.0 mL/s, and the scan is initiated 60-70 s after the start of
the injection, proceeding in a craniocaudal direction. The
scan range is set from the base of the skull to the bottom of
the neck. Reconstructed images are generated as frontal and
coronal sections parallel and vertical to the vocal cords from
1 cm above the hyoid bone to the inferior margin of the cri-
coid cartilage. The vocal cords are identified in sagittal sec-
tions on a separate workstation, and an axial image is created

according to the inclination. The identification of the glottic
level is a good indicator of “arytenoid cartilage (especially
the vocal process).” The slice thickness should be 1-2 mm
according to the performance of the device with small (typi-
cally 16-cm) field of view.

When dual-energy CT is available, an iodine overlay (10)
image (blending iodine images and virtual non-contrast
images) is generated and used to evaluate cartilage invasion
[9, 10]. While the technical innovations of multidetector CT
(MDCT) have led to substantial improvements in image
quality in the last decade, the advent of dual-energy CT and
its unique post-processing capabilities has now made possi-
ble additional tissue characterization and image processing
beyond what is possible with conventional, single-energy CT
scanners. When dual-source dual-energy CT scans can be
applied, the following parameters are applied: 100 and
140 kV tube voltages with a 0.4-mm tin filter (labeled as
Sn140 kV). A voltage combination of 100 kV and Sn140 kV,
rather than 80 kV and 140 kV, is chosen to minimize noise
while maximizing the separation of the X-ray tubes’ energy
spectra. Two image sets (100 kV and Sn140 kV) are recon-
structed with 1-mm slice thickness and a third linearly
blended image set (weighted average [WA] images) to obtain
a 120-kV equivalent image. WA images are used as diagnos-
tic images since they have equivalent image quality to that of
single-energy 120 kV CT images. IO images are generated
using three-material decomposition analysis to compute
iodine images and virtual non-contrast images [10]. The
iodine images and virtual non-contrast or weighted average
images can be linearly fused at a ratio of 0.5, creating iodine
overlay (I0) images. The spectral attenuation curves gener-
ated from dual-energy CT can also be used for evaluation of
cartilage invasion [9].
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5.4.2 MRImages

MR imaging offers superior soft tissue contrast and is pre-
ferred. MRI with morphologic sequences and diffusion-
weighted imaging (DWI) provides anatomic, qualitative, and
quantitative functional information allowing noninvasive
assessment of treatment responses and detection of tumors.
MR images are also obtained with the patient supine and dur-
ing quiet respiration. Typically, axial and coronal T2-weighted,
T1-weighted, and DWI (with ADC map) images are obtained
with a scan orientation parallel to the true vocal cords with a
slice thickness of 3 mm or less. Additional axial fat-saturated
T1-weighted images after intravenous administration of gad-
olinium chelates are obtained routinely. In patients with
advanced laryngeal/hypopharyngeal carcinoma, MRI seems
to be prone to motion artifacts because of the relatively long
scan times, which can render images non-diagnostic [11].
The thin slice 3D sequence reconstruction images are addi-
tionally performed within the area from 1 cm above the hyoid
bone to the inferior margin of the cricoid cartilage: Images in
the coronal or sagittal plane may be obtained to evaluate cer-
tain anatomic spaces, such as the preepiglottic space in the
sagittal plane or the paraglottic space and ventricle in the
coronal plane. Phased-array surface coils can be applied to
the neck for reducing motion artifacts and increasing spatial
resolution [12], although this technique uses a small field of
view, restricting the imaged area to the larynx.

5.4.3 FDG-Pet

FDG-PET/CT is used in the advanced laryngeal and hypo-
pharyngeal cancers for the delineation of the primary tumor,
detection of regional nodal metastases, distant metastases,
and second primary tumors [13]. FDG-PET is also useful for
treatment evaluation and diagnosis of recurrence in follow-
up observations [14, 15]. Talking during the FDG uptake
phase can cause radiotracer accumulation in the muscles of
phonation and vocal cords. These FDG activities can inter-
fere with the interpretation of PET scans in patients with
laryngeal and hypopharyngeal cancers [16, 17].

5.5 TNM Classification

The TNM classification of American Joint Committee on
Cancer 2018 (AJCC-8th)/Union for International Cancer
Control (UICC) for primary laryngeal (glottic, supraglottic,
and subglottic) and hypopharyngeal cancers are outlined in
Table 5.1 (larynx) and Table 5.2 (hypopharynx) [18]. Clinical
staging of the primary site is based on involvement of vari-
ous subsites of the larynx or adjacent regions of the pharynx
and vocal cord mobility. Assessment of the primary tumor is
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Table 5.1 Definition of primary tumor of larynx (T)

T

category | T criteria

TX Primary tumor cannot be assessed

Tis Carcinoma in situ

T1 Tumor limited to one subsite of supraglottis with normal
vocal cord mobility

T2 Tumor invades mucosa of more than one adjacent subsite
of supraglottis, glottis, or region outside the supraglottis
(e.g., mucosa of base of tongue, vallecula, medial wall of
pyriform sinus) without fixation of the larynx

T3 Tumor limited to larynx with vocal cord fixation and/or
invades any of the following: Postcricoid area,
preepiglottic space, paraglottic space, and/or inner cortex
of thyroid cartilage

T4a Tumor invades through the outer cortex of the thyroid
cartilage and/or invades extralaryngeal soft tissues®

T4b Tumor invades prevertebral space, encases carotid artery,
or invades mediastinal structures

Supraglottis

Tla Tumor limited to one vocal cord

T1b Tumor involves both vocal cords

T2 Tumor extends to supraglottis and/or subglottis and/or
with impaired vocal cord mobility

T3 Tumor limited to the larynx with vocal cord fixation and/
or invasion of paraglottic space and/or inner cortex of
thyroid cartilage

T4a Tumor invades through the outer cortex of the thyroid
cartilage and/or extralaryngeal soft tissues®

T4b Tumor invades prevertebral space, encases carotid artery,
or invades mediastinal structures

Subglottis

Tl Tumor limited to the subglottis

T2 Tumor extends to vocal cord(s) with normal or impaired
mobility

T3 Tumor limited to the larynx with vocal cord fixation and/
or invasion of paraglottic space and/or inner cortex of
thyroid cartilage

T4a Tumor invades cricoid or thyroid cartilage and/or invades
extralaryngeal soft tissues®

T4b Tumor invades prevertebral space, encases carotid artery,
or invades mediastinal structures

“Note: extralaryngeal soft tissues (e.g., trachea, soft tissues of the neck
including deep extrinsic muscles of the tongue, strap muscles, thyroid,
or esophagus)

initially accomplished by clinical inspection, using indirect
mirror and direct endoscopic examination with fiberscopes.
However, these tumors have a tendency to spread submuco-
sally, and this extension into deeply seated tissue planes can
be easily missed by clinical examination alone [19-21].
Practically, therefore, clinicians rely on imaging to predict
which patients will have T3—4 disease. Even if the primary
tumor has been clinically diagnosed as T1-2 disease on the
basis of inspection, imaging may be an important adjunct to
exclude any T3—4 factor features or the presence of submu-
cosal extension [22, 23]. Therefore, cross-sectional imaging
using CT or MRI is mandatory for completing the staging
process and should be included in the diagnostic workup.
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Table 5.2 Definition of primary tumor of hypopharynx (T)

T
category | T criteria

X Primary tumor cannot be assessed

Tis Carcinoma in situ

T1 Tumor limited to one subsite of hypopharynx and/or 2 cm
or smaller in greatest dimension

T2 Tumor invades more than one subsite of hypopharynx or

an adjacent site, or measures larger than 2 cm but not
larger than 4 cm in greatest dimension without fixation of
hemilarynx

T3 Tumor larger than 4 cm in greatest dimension or with
fixation of hemilarynx or extension to esophageal mucosa

T4a Tumor invades thyroid/cricoid cartilage, hyoid bone,
thyroid gland, esophageal muscle, or central compartment
soft tissue*

T4b Tumor invades prevertebral fascia, encases carotid artery,

or involves mediastinal structures

“Note: Central compartment soft tissue includes prelaryngeal strap
muscles and subcutaneous fat

5.5.1 Laryngeal Cancer

For laryngeal cancer, the first imaging criterion that defines
T3 lesions is extension into the paraglottic and/or preepiglot-
tic space, irrespective of vocal cord mobility. In addition,
tumor erosion limited to the inner cortex of the thyroid carti-
lage indicates a T3 lesion, whereas erosion of the outer cor-
tex of the thyroid cartilage defines a T4a tumor. Arytenoid
and epiglottic cartilage involvement does not change the
laryngeal tumor stage. Extralaryngeal tumor spread is an
important predictor of T4a disease in laryngeal cancer, with
or without cartilage invasion.

In the new AJCC-eighth, there are no changes to laryn-
geal T-category; N-category follows the changes for non-
EBV (Epstein-Barr virus) and non-HPV (human papilloma
virus) SCCs for the entire head and neck. TO has been deleted
as a new category of unknown primary tumors without EBV
and HPV [18].

5.5.2 Hypopharyngeal Cancer

Unlike those for laryngeal cancer, criteria that define T3
lesions for hypopharyngeal cancer are based solely on vocal
cord mobility and tumor diameter. Hypopharyngeal cancer
with invasion of the thyroid or cricoid cartilage indicates a T4a
lesion, even in cases of localized cartilage invasion. In any
event, accurate staging requires subtle diagnosis of cartilage
invasion. Extralaryngeal tumor spread is also an important
predictor of T4a disease, with or without cartilage invasion. In
the new AJCC-eighth, there are minor changes to hypopharyn-
geal T-category [18, 24]. In the T classification, the definition
of esophageal extension was as follows: extension to the

esophageal mucosa (T3) and esophageal muscle (T4a). TO has
also been deleted as a new category of unknown primary
tumors without EBV and HPV.

5.5.3 Nodal Category (N)

The TNM classification of AJCC-eighth for nodal categories
of laryngeal and hypopharyngeal cancer is outlined in
Table 5.3. Extranodal extension (ENE) of metastatic lymph
nodes is a strong factor for poor prognosis. Further, clinical
and pathological N classification has changed. This has
resulted in a new N3b designation [18, 25]. The term “extra-
capsular spread” (ECS) has been unified and altered to the
term “extranodal extension” (ENE). Currently, the clinical
designation of ENE requires overt clinical evidence of ENE
on examination, such as skin invasion, infiltration of muscles
with tethering or fixation to adjacent structures, or large-
nerve invasion with dysfunction such as the brachial plexus,
sympathetic trunk, phrenic, or cranial nerves. Therefore, it is
necessary to evaluate in detail the presence or absence of
ENE as well as the infiltration of surrounding soft tissue by
ENE. While indistinct nodal margins and an irregular nodal
capsular enhancement suggest ENE [26, 27], the most robust
imaging feature supporting the clinical diagnosis of ENE is
evident infiltration of perinodal tumors into adjacent fat or
muscle, which is most useful for radiologists to describe
features indicative of ENE to enable reevaluation of clinical
nodal status.

Table 5.3 Definition of regional lymph mode for laryngeal/hypopha-
ryngeal cancer (N)

N

category | N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single ipsilateral node <3 cm in greatest
dimension and ENE(-)

N2a Metastasis in a single ipsilateral node >3 cm but <6 cm
in greatest dimension and ENE(—)

N2b Metastasis in multiple ipsilateral nodes, none >6 cm in
greatest dimension and ENE(—)

N2c Metastases in bilateral or contralateral lymph nodes,
none >6 cm in greatest dimension and ENE(—)

N3a Metastasis in a lymph node >6 cm in greatest dimension
and ENE(-)

N3b* Metastasis in any node(s) and clinically overt ENE(+)

Note: Clinical ENE (cENE) indicates the invasion of skin, infiltration of
musculature, dense tethering or fixation to adjacent structures, cranial
nerve, brachial plexus, sympathetic trunk, or phrenic nerve invasion
with dysfunction

*The addition of ENE to the staging system, creating a new N3b desig-
nation in the eighth edition of the AJCC Cancer Staging Manual. The
original source for this material is the AJCC Cancer Staging Manual
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5.6  Spread Pattern and Site-Specific
Imaging Evaluation
5.6.1 Laryngeal Cancer

Laryngeal cancer is divided into three subsites: supraglottic,
glottic, and subglottic. Laryngeal tumor spreads have certain
patterns or high-frequency pathways along well-defined
routes based on various structures. We have discussed the
common and crucial patterns of tumor spread into the deep

space and extralaryngeal soft tissue for each site. Laryngeal
cartilage invasion, which is extremely important clinically,
will be described separately later.

5.6.1.1 Supraglottic Cancer

Supraglottic cancer accounts for approximately 30% of
laryngeal cancer. The subsites are divided into the supra-
hyoid epiglottis (Fig. 5.6) and infrahyoid epiglottis
(Fig. 5.7), laryngeal surface of the aryepiglottic fold, and
false vocal cords. Since supraglottic SCC is initially clin-

Fig.5.6 Supraglottic cancer without preepiglottic space invasion. Axial contrast-enhanced CT demonstrated a mass of the left suprahyoid epiglot-
tic (T). On a sagittal image, the tumor was almost limited to the epiglottis, and the fat layer in the preepiglottic space (asterisk) was preserved

Fig. 5.7 Supralaryngeal cancer of the infrahyoid epiglottis. Axial
contrast-enhanced CT (a) and sagittal images (b) show a mass lesion
(T) with an irregular margin on the infrahyoid epiglottis and extending

anteriorly to the part of the preepiglottic space (arrowheads). Note the
left level III node metastasis (N)
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ically occult, supraglottic tumors often present later than
glottic tumors and are often large, with poorer prognosis
than glottic cancer. The frequency of lymph node metas-
tasis is high (about 50%), and a cervical mass due to
lymphadenopathy is often the first symptom [28, 29]. In
the case of early lesions (T1, T2), function-preserving
treatment such as partial laryngectomy or chemoradio-
therapy is performed. For advanced lesions, a multidisci-
plinary  treatment combining radiation therapy,
chemotherapy, and surgery is performed, taking into
account both the curability and functional prognosis
depending on the stage and tumor volume.

5.6.1.2 Glottic Cancer

Among the laryngeal cancers, glottic cancer is the most com-
mon, accounting for about 65% of cases. Subsites include
the vocal cords (upper surface, free edge, lower surface),
anterior commissure, and posterior commissure. There are
many cases of hoarse symptoms, which tend to be detected
in relatively early lesions. For early lesions (T1, T2, and T3
without vocal cord fixation), (chemo) radiotherapy, laser, or
laryngeal preservation surgery is selected (Fig. 5.8). For
advanced lesions of T3 or more, a multidisciplinary treat-
ment combining radiation therapy, chemotherapy, and sur-
gery is selected depending on the stage and tumor volume. In
recent years, total laryngectomy is increasingly used as a
salvage operation for recurrent and residual lesions after
chemoradiation.

5.6.1.3 Subglottic Cancer
Primary subglottic cancer is a rare malignant lesion (Fig. 5.9)
[30, 31]. Apart from SCCs, adenoid cystic carcinomas are

frequently located at the subglottis. Subglottic cancer typi-
cally invades the true vocal cords, and it may be difficult to
distinguish between cancer originating in the glottis or sub-
glottis. Staging depends on the extent of involvement of the
true vocal cords, fixation of the hemilarynx, whether there is
invasion of the cricoid or thyroid cartilage, or extralaryngeal
spread below the cricoid cartilage into the cervical trachea.
Cricoid cartilage invasion and extralaryngeal spread
anteriorly through the cricothyroid membrane are commonly
present.

Imaging shows a subglottic soft tissue mass (normally no
soft tissue is seen between the subglottic air column and the
cricoid cartilage) with/without cricoid cartilage alterations
(sclerosis, lysis), intratracheal soft tissue thickening, and
spreading to the glottic and prelaryngeal soft tissues
(Fig. 5.9).

5.6.1.4 Spread Pattern of Laryngeal Cancer
(Deep Space)
1. Preepiglottic space involvement (supraglottic, glottic)
Tumor spreading to the preepiglottic space in laryn-

geal cancer is considered to be the cause of poor response
to radiation therapy, and the frequency of cervical lymph
node metastasis is as high as 90% [32]. Both suprahyoid
and infrahyoid supraglottic tumors are at risk of involving
the preepiglottic space, as the epiglottis lacks a barrier to
tumor spread. Infiltration of fat within the preepiglottic
space is easy to detect on both CT and MR imaging in
both axial and sagittal planes (Figs. 5.6 and 5.7), with a
reported sensitivity of 100% [33]. Further, high tumor
volume lesions that extensively invade the anterior epi-
glottis space often involve thyroid cartilage invasion.

Fig. 5.8 Early glottic cancer (T1a) treated by radiotherapy. (a) Small
polypoid clinical T1a lesion of the right vocal cord was observed on
laryngoscopy. Axial contrast-enhanced CT (b) also demonstrated T1a

glottic cancer of the right vocal cord (arrow). Note the normal fat layer
of the paraglottic space (black arrowheads) and thyroarytenoid muscle
(asterisk)
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Fig. 5.9 Subglottic carcinoma with cricoid cartilage invasion. subglottic tumor (T) with the cricoid cartilage destruction (arrow) and
Laryngo-fiberscope (a) demonstrates a mass lesion (T) mainly at the extralaryngeal spread anteriorly thorough the cricothyroid membrane
subglottis. Axial contrast-enhanced CT image (a) showing the bulky  (white arrowheads). C cricoid cartilage, Ary arytenoid cartilage

2. Paraglottic space involvement (glottic, supraglottic)

Paraglottic space involvement will also upstage tumors
to T3. Due to involvement of the thyroarytenoid muscle,
these tumors are often associated with vocal cord paresis
or paralysis. Tumor infiltration of the paraglottic space
carries a lower response to radiation therapy alone for
local control [23, 34]. CT and MRI can confirm early
detection of paraglottic space involvement due to obscu-
ration of the lateral thyroarytenoid muscle and disappear-
ance of the thin fat layer along the inner cortex of the
thyroid cartilage (Figs. 5.10 and 5.11).

3. Transglottic extension (supraglottic, glottic)

Supraglottic laryngeal tumors that involved the aryepi-
glottic folds or false cords may extend inferiorly to cross
the laryngeal ventricle, becoming a “transglottic” tumor
which is tumor progression across the supraglottic larynx
and glottis (Fig. 5.12) [35]. Glottic laryngeal tumors that
involved the paraglottic space also extend superiorly to

cross the laryngeal deep space as the transglottic cancer
(Fig. 5.13).

. Cricoarytenoid joint and arytenoid area (glottic,

supraglottic)

Imaging findings solely of the posterior extension to
the cricoarytenoid joint are insufficient for upstaging
tumors to T3, but involvement of the cricoarytenoid joint/
muscle is associated with vocal cord paresis or paralysis
(clinically T3) and is important as a pathway for subglot-
tic extension (Figs. 5.10 and 5.11) [7].

. Subglottic extension/cricoid area involvement (glottic,

supra glottic)

Subglottic extension is often much better observed on
imaging than via laryngoscopy. When any soft tissue
within the airway is observed at the level of the cricoid
cartilage, subglottic extension should be of concern
(Figs. 5.10 and 5.11). Although the conus elasticus may
act as a barrier to subglottic extension of tumors, once the
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Fig. 5.10 Subglottic extension of a glottic carcinoma (T3). Axial
contrast-enhanced CT image (a) demonstrates a tumor (T) of the right
glottis with infiltration of the paraglottic space, arytenoid area, and cri-
coid area (arrow). Note the fat tissue of the cricoid area at the normal
left side (asterisk). Axial image at the cricoid level (b) and coronal

Fig. 5.11 Subglottic infiltration in a glottic carcinoma. Tumor inferi-
orly within the subglottic space (arrowheads). The cricoid cartilage is
sclerotic with erosion due to surrounding tumor (arrows).
Histopathological findings confirmed that the tumor cells invaded the
cricoid cartilage

image (c) show downward tumor extension along the subglottic space
(white arrowheads). Note the soft tissue anteriorly at the level of the
cricoid cartilage (white arrowheads) but not on the left side (black
arrowheads). C cricoid cartilage

tumor extends into the cricoid area (Fig. 5.10) and sub-
glottic space (at the level of the cricoid ring), there is an
increased risk of cricoid cartilage invasion (Fig. 5.11) and
extralaryngeal spread anteriorly [7]. Coronal images are
useful for evaluating the extent of subglottic disease from
the level of the true vocal cords.

6. Superior extension into the base of the tongue
(supraglottic)

Superior extension with involvement of the vallecula
or base of the tongue is important to note because it will
likely alter management. Tumors may reach the base of
the tongue and even the extrinsic tongue muscles via
extension through the preepiglottic space. Spread occurs
anteriorly along the glossoepiglottic fold, which overlies
the hyoepiglottic ligament, resulting in extension to the
vallecula and base of the tongue (Fig. 5.14). Tumors can
extend from the suprahyoid epiglottis laterally along the
pharyngoepiglottic fold to reach the lateral pharyngeal
wall. If there is aggressive involvement of the base of the
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Fig. 5.12 Supraglottic cancer with transglottic spread through the
paraglottic space. Axial contrast-enhanced CT images (a) demonstrate
the tumor (T) of the left infrahyoid epiglottis, with infiltration of the
preepiglottic space (the asterisk is normal right preepiglottic space).
Axial image, more interiorly (b), shows downward tumor extension
along with the preepiglottic space and paraglottic space (white arrow-
heads), as well as posterolateral growth into the thyroarytenoid muscle
(arrow). T2-weighted images (c) (corresponding the same slice of b)

tongue, total laryngectomy, more extensive resection,
possible glossectomy, and reconstruction of the neophar-
ynx may be warranted.

5.6.1.5 Extralaryngeal Spread of the Laryngeal
Cancer

In this chapter, we would like to emphasize the importance
of this tumor spread separately. Extralaryngeal tumor spread
is considered to be present when the primary tumor has
expanded into extralaryngeal soft tissues, such as cervical
soft tissues, infrahyoid muscles, thyroid gland, esophagus,
trachea, or deep lingual muscle, with or without cartilage
penetration. In clinical practice, patients with T4 disease do
not always undergo laryngectomy, and for patients without
tumor extension through the cartilage — a diagnosis that is

reveal tumor spread more clearly through the paraglottic space (white
arrowheads) and thyroarytenoid muscle (arrow). Note the thin normal
fat signal laterally deep to the thyroid cartilage (b, ¢, black arrowheads)
and thyroarytenoid muscle (b, ¢, asterisk). On the coronal image (d),
the tumor mass (T) extends throughout the left paraglottic space, abut-
ting and slightly displacing the lower margin of the true vocal cord
downward. Note the normal right true vocal cord (a—c, asterisk) and
right laryngeal ventricle (a—c, arrowhead)

not always straightforward — clinicians rely on imaging for
accurate tumor staging, tumor mapping, and detection of
possible tumor extension [36-38]. It is then possible to pre-
dict which patients may be candidates for function-preserving
treatments to a degree, and discussions with patients are part
of the treatment decision-making process. According to
Beitler et al. [39], extralaryngeal spread without thyroid car-
tilage penetration was more common than expected in
patients with advanced laryngeal and hypopharyngeal can-
cer. The authors suggested that cartilage invasion was absent
in 40% of cases showing extralaryngeal tumor spread. Since
extralaryngeal tumor spread is one of the important predic-
tors of T4 disease in laryngeal and hypopharyngeal cancer,
the focus of imaging needs to shift from detection of inva-
sion to reliably demonstrating more extensive disease.
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Fig. 5.13 Glottic cancer with radiologic paraglottic space infiltration
and superior extension. On the laryngo-fiberscope (a), a mass lesion (T)
involving the left vocal cord with infiltration into the left supraglottis
was observed. The mobility of the vocal cords was clinically favorable.
Axial contrast-enhanced CT (b) demonstrated an infiltrative tumor (T)
involving the paraglottic space. Note the structure of the descending
branch of the right superior laryngeal artery maintained on the right

Extralaryngeal spread is considered if the following fea-
tures can be identified: substitution by tumor tissue on the
outside of the membrane/cartilage or loss of fat attenuation
between extralaryngeal structures (such as blood vessels or
muscle) and laryngeal components. To detect extralaryngeal
spread, it is important to thoroughly understand the complex
anatomy in this area and the imaging features of commonly
occurring extension patterns [40].

1. Extralaryngeal via
(supraglottic)

One of the most common routes of lesion spread from the

larynx through areas of inherent weakness is via the thyrohy-

spread thyrohyoid membrane

side (black arrow) but obscured on the left. The tumor also extended
across the posterior arytenoid toward the supraglottic laryngeal direc-
tion. Coronal image (c¢) demonstrates the tumor mass (T) extending
throughout the left paraglottic space toward the supraglottis. Normal fat
density of the paraglottic space is clearly seen on the right side
(asterisk)

oid membrane (Fig. 5.15). The superior laryngeal neurovas-
cular bundle enters the laryngeal component through a
posterolateral defect in the thyrohyoid membrane; this defect
is known to be the route by which tumors spread [40-42].

2. Extralaryngeal spread via cricothyroid membrane (glot-
tic, supraglottic)

Another common route of lesion spread from the lar-
ynx through areas of inherent weakness is via the crico-
thyroid membrane (Fig. 5.16) [40]. This extension into
deep-seated tissue planes is difficult to evaluate by clini-
cal examination alone. The cricothyroid joint is also an
important route of tumor spread toward the extralaryn-
geal soft tissue such as the thyroid lobe (Fig. 5.17).
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Fig. 5.14 Supraglottic cancer with tumor spreading to the base of
tongue. On a sagittal image (a), the tumor (T) was almost limited to the
epiglottis, and the fat in the preepiglottic space (asterisk) was preserved.

5.6.2 Hypopharyngeal Cancer

Hypopharyngeal cancer is divided into three subregions:
pyriform sinus (pyriform fossa), pharyngeal posterior wall,
and postcricoid. Tumor spreading pattern and treatment
strategy for each tumor subsite are different (in particular,
laryngeal function preservation treatment is possible).
Below, we describe typical tumor spreading patterns for
each. Laryngeal cartilage invasion will be also described
separately.

5.6.2.1 Pyriform Sinus (PS)

Pyriform sinus SCC accounts for 70-75% of hypopharyn-
geal cancer subsites. More than 60% of pyriform sinus SCCs
tend to be observed initially as T3 or T4 locally advanced

However, on the right side, the tumor extended to the epiglottic vallec-
ula (b, arrows), reaching the intermuscular fat layer beyond the intrinsic
lingual muscle layer of the tongue base (¢, arrowheads)

lesions, and lymph node metastasis is often visible [2]. In
recent years, with the development of endoscopic equipment
such as narrow-band imaging (NBI), early superficial lesions
are easily detected, and the ratio of T1 or T2 lesions is
increasing (Fig. 5.18). The patterns of tumor spread may be
mucosal superficial extension and deeper infiltration.
Mucosal tumor spreading requires a comprehensive evalua-
tion using both endoscopic and imaging findings. The role of
diagnostic imaging is to assess the presence of infiltration in
the deep direction and caudal spreading such as the apex of
pyriform sinus/postcricoid, which may be difficult to deter-
mine with an endoscope. When infiltration that reaches the
muscle layer or deep tissue is observed, it may exceed the
indication of endoscopic resection. In the case of lesions that
extend to the pyriform apex or postcricoid region (Fig. 5.19),
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Fig. 5.15 Extralaryngeal spread via the thyrohyoid membrane from
the supraglottic cancer. (a) Contrast-enhanced CT image showing that
the tumor (T) has invaded the right aryepiglottic fold and preepiglottic
space. (b) Axial image, more inferiorly, showing the tumor (T) extend-
ing through the thyrohyoid membrane into the extralaryngeal tissues

along the superior neurovascular bundle (white arrowheads). Note the
normal superior neurovascular bundle on the left side (black arrow-
heads). (c) Diagram of the spread patterns via the thyrohyoid
membrane
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geal soft tissue via the cricothyroid membrane (white arrowheads).
Note the normal fat layer and cricothyroid branch of the superior thy-
roid artery penetrating the cricothyroid ligament (black arrowheads).
(c¢) Diagram of the spread patterns via the cricothyroid membrane

Fig. 5.16 Glottic carcinoma with radiologic extralaryngeal spread
(radiologically T4a). Axial contrast-enhanced CT (a) demonstrates a
tumor (T) involving the paraglottic space. (b) On the axial image, more
inferiorly, the tumor exhibits submucosal extension to the extralaryn-
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Fig. 5.17 Transglottic carcinoma with extralaryngeal spread through  ing through the cricothyroid joint toward the left thyroid lobe (white
the cricothyroid joint toward the left thyroid lobe. Coronal contrast- — arrowheads). Note the fat tissue of the cricoid area at the normal right
enhanced CT images demonstrate a tumor (T) of the left glottis with  side (asterisk). (b) Diagram of the spread patterns around the cricothy-
infiltration of the cricoarytenoid joint and cricoid area (arrow) spread-  roid joint

Fig.5.18 Early pyriform sinus carcinoma treated by endoscopic laryn-  epithelial lesions in the mucosa of the pharynx with narrow-band imag-
gopharyngeal surgery. (a) Nasopharyngeal fiberscopy demonstrated ing. (b) Axial contrast-enhanced image showing enhanced mucosal
that the mucosa was slightly red at the pyriform sinus with abnormal  thickness (arrowheads)
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Fig. 5.19 Early hypopharyngeal carcinoma treated by radiation ther-
apy. (a) Contrast-enhanced CT exhibits an enhanced tumor of the left
medial pyriform sinus to the post arytenoid area (arrowheads). (b) Axial

the indication for laryngeal preservation and partial resection
may be limited. Moreover, tumor spreading into the pyriform
sinus apex has been reported as a significant prognostic fac-
tor in radiotherapy [43].

Hypopharyngeal cancer exhibits aggressive local inva-
sion along various routes [21, 43]. This tumor spreading
has certain patterns or high-frequency pathways along
well-defined routes, which are associated with barriers or
weak points based on various lateral, anterior, posterior,
cranial, and caudal structures.

5.6.2.2 Postcricoid (PC)

Postcricoid hypopharyngeal carcinoma accounts for 7-10%
of hypopharyngeal cancer subsites. PC hypopharyngeal
cancer is relatively rare, and many of them spread from
pyriform sinus tumors (Fig. 5.20), cervical esophageal can-
cer, and laryngeal cancer. PC tumors infiltrate into the ary-
tenoid area, arytenoid/cricoid cartilage, and posterior
cricoarytenoid muscle from an early stage (Fig. 5.21). It is
difficult to determine the extent of tumor spreading with an
endoscope, and it is necessary to accurately evaluate the
presence or absence of cartilage infiltration, extramural
extension, and extension to the esophagus muscle layer.
Sagittal imaging is sometime useful in the evaluation of
cranial-caudal tumor growth in the hypopharynx and in
determining the presence or absence and the extent of infil-
tration in the postcricoid direction.

CT, more inferiorly, exhibits tumor extension toward the apex of the left
pyriform sinus (arrowheads) and part of the postcricoid region

5.6.2.3 Posterior Wall (PW)

Posterior wall tumors account for 12-16% of hypopharyn-
geal cancer subsites. Posterior wall tumors may often be seen
continuously with the posterior oropharyngeal wall or cervi-
cal esophagus and are sometimes treated as a “posterior wall
cancer” lesion. The extent of surgical resection is related to
the function of postoperative swallowing. Imaging provides
accurate information on tumor extent. In this regard, poste-
rior extension of the retropharyngeal space, anterior verte-
bral fascia invasion, and anterior vertebral muscle invasion
are essential (Fig. 5.22).

5.6.2.4 Spread Pattern of Hypopharyngeal
Cancer into the Deep Space and Tissues
1. Paraglottic space extension through the thyroarytenoid
gap (PS)

In the anterior to medial spread (laryngeal direction),
paraglottic space extension through the thyroarytenoid
gap is important. The thyroarytenoid gap is a potential
route of tumor spread between the thyroid and arytenoid
cartilages (Fig. 5.23) [44]. Laryngeal and hypopharyngeal
cancer extend inferiorly or posteriorly via this gap and the
paraglottic space. Upon spreading into the paraglottic
space, the tumor presents similarly to advanced glottic
cancer. Furthermore, if the tumor invades the cricoaryte-
noid joint in the arytenoid area and clinically indicates
vocal cord fixation, it is classified as T3.
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Fig. 5.20 (a) Axial contrast-enhanced CT at the false vocal cord level
reveals an infiltrative tumor (T) with an irregular surface in the left pyri-
form sinus and upper postcricoid region. (b) A caudal slice shows
tumor invasion to the left side of the postcricoid region (white arrow-

2. Prevertebral muscle infiltration (PS, PW)

In hypopharyngeal carcinoma, tumors with direct
invasion of the prevertebral space or cervical spine are
considered challenging for complete resection and are
defined as T4b factors. An important imaging finding is to
identify the fat layer in the retropharyngeal space with CT
and MRI. When the fat of the retropharyngeal space is
retained, the negative predictive value for prevertebral
muscle infiltration is reported to be 82% (CT) and 97.5%
(MRI), and prevertebral muscle infiltration is generally
negative [45, 46] (Fig. 5.22). If there is a disruption or
obscuring of the pharyngeal constrictor muscle and retro-
pharyngeal space fat layer, it is necessary to evaluate
whether contours with the anterior vertebral muscle are

head). The submucosal fat layer (presented with black arrowheads on
the right side) can be confirmed. On the sagittal images (c¢), the tumor
(T) is present in the medial pyriform sinus to the postcricoid region
(arrowheads). C cricoid cartilage

maintained (Fig. 5.24). Contrast-enhanced MRI is supe-
rior for assessment of vertebral muscle invasion [45-47].
Findings suggestive of vertebral muscle infiltration
include irregularities in the contours of prevertebral mus-
cle and replacement of prevertebral muscle with a signal
intensity equivalent to that of the tumor; however, the
specificity of these imaging findings is low. Ultimately, it
is necessary to make a judgment based on intraoperative
findings.
3. Postcricoid spreading and extension of the cervical
esophagus (PS, PC, PW)
As for caudal extension, the postcricoid spreading, the
cricoid cartilage invasion, and the extension of the cervi-
cal esophagus (mucosa and muscle layer) are important
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Fig. 5.21 Local advanced hypopharyngeal carcinoma of pyriform
sinus and postcricoid. (a) Laryngoscopy demonstrates a bulky mass (T)
in the arytenoid and postcricoid region. (b) Axial contrast-enhanced CT
image through the false vocal cord level shows a bulky mass in the
bilateral aryepiglottic fold and right pyriform sinus with extension to
the thyrohyoid membrane (arrowheads). (¢) At the true vocal cord level,

for staging. In the T classification for hypopharyngeal
carcinoma, extension to the esophageal mucosa is T3 dis-
ease, and involvement of the esophageal muscle is T4a
(Fig. 5.25). It is difficult to determine the muscle layer
involvement with an endoscope, and it is necessary to
accurately evaluate the extension by CT or MRI.

5.6.2.5 Extralaryngeal Spread
of Hypopharyngeal Cancer
1. Extralaryngeal spread via the thyrohyoid membrane (PS)
As well as supraglottic laryngeal cancer (Fig. 5.15), in
lateral extension, extralaryngeal spread via the thyrohyoid

the tumor of the right pyriform sinus (T) extends through submucosal
into the right paraglottic space (asterisk) via the thyroarytenoid gap
(arrowheads). The tumor also involves the right cricoarytenoid joint
(arrow). (d) At the subglottic level, the tumor invades cricoid cartilage
(arrow) and subglottic extension (arrowheads)

membrane (both T4a factor) is also important for pyriform
sinus carcinoma. Even in early lesions, the extralaryngeal
spread through the supralaryngeal neurovascular bundle
via thyrohyoid membrane (Fig. 5.15c¢) is often seen.

2. Wraparound extralaryngeal spread via the pharyngeal
constrictor muscle (PS)

Another route of extralaryngeal spread, especially in the
case of pyriform sinus cancer, is via the inferior pharyngeal
constrictor [21, 42] on the basis of its attachment to the
lamina of the thyroid cartilage (Fig. 5.26). The wraparound
spread that wraps the posterior part of the thyroid cartilage
according to adhesion of the pharyngeal constrictor muscle
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Fig.5.22 Posterior wall hypopharyngeal carcinoma without retropha-
ryngeal space infiltration. Axial contrast-enhanced CT shows the tumor
(T) at the center of the hypopharynx posterior wall. The lesion appears
to be limited to the posterior wall of the hypopharynx, not extending to
the side wall. In the posterior direction, the inferior pharyngeal con-
strictor muscle (asterisk) and fat layer of the retropharyngeal space
(black arrowheads) are intact

(Fig. 5.26¢) is a possible route of extralaryngeal spread and
easily invades into the posterior part of the thyroid cartilage
(Fig. 5.27). Further, this spreading can be a risk of carotid
artery invasion (T4b) (Fig. 5.27).

3. Extralaryngeal spread via cricothyroid membrane and
joint (PS, PC)

The cricothyroid joint is also an important route of

tumor spread from hypopharynx toward the extralaryn-
geal soft tissue such as the thyroid lobe (Fig. 5.28).

5.7 Cartilage Invasion

Determining cartilage invasion is extremely important for
treatment decision-making for laryngeal and hypopharyn-
geal cancer. Patients with laryngeal and hypopharyngeal
cancer in whom tumors extend through the cartilage into the
soft tissue of the neck generally undergo immediate surgery
as the risk of recurrence and cartilage necrosis after radio-
therapy alone are high [36, 48, 49]. In clinical practice,
patients with T4 disease do not always undergo laryngec-
tomy, and patients without transcartilaginous tumor exten-
sion may be potential candidates for function-preserving
treatment to a degree. Discussion with patients forms part of
the treatment decision-making process. Therefore, it is nec-
essary for imaging to evaluate not just the detection of carti-

lage invasion but also the degree (depth and range) of
cartilage invasion as much as possible. In addition, unneces-
sary overestimation should be avoided, and denial of carti-
lage invasion based on appropriate diagnostic imaging is
important in laryngeal function preservation.

Both CT and MRI can be used to evaluate cartilage inva-
sion. Each modality has advantages and limitations for the
staging of laryngeal and hypopharyngeal cancer. Imaging
studies on laryngeal cartilage invasion date back to the
1990s. In studies using single-slice CT in the 1990s, CT had
high specificity (96-97%) for cartilage invasion but low sen-
sitivity (50-62%), which was considered inadequate as a
preoperative examination. In 1997, Becker et al. reported
that CT criteria using a combination of specific diagnostic
criteria (sclerosis, erosion, lysis, and transmural extralaryn-
geal tumor spread) were able to reach an acceptable balance
of 71% sensitivity versus 83% specificity for thyroid carti-
lage [50]. Subsequently, from the late 2000s onwards, evalu-
ation was performed with thin reconstructed images by
MDCT. Although the sensitivity increased (85%), the speci-
ficity decreased (75%) [51], which is still occasionally over-
estimated [52, 53]. This arises as CT values of non-ossified
cartilage and tumors after iodinated contrast agent injection
are similar, and various CT values occur due to ossification
of cartilage with aging [8, 50]. Therefore, when the tumor
and non-osteogenic cartilage are in contact with each other,
it is important to carefully evaluate morphological changes
while always taking into consideration the ossification state
of thyroid cartilage. Asymmetrical sclerosis (defined as
thickening of the cortical margin, increased medullary den-
sity, or both) when comparing one arytenoid with the other,
or one side of the cricoid or thyroid cartilage with the other
side, is a sensitive but nonspecific feature of cartilage inva-
sion on CT [50, 54-56]. For thyroid cartilage especially,
asymmetric sclerotic changes (ossification) without erosion
or lysis should not be diagnosed as positive (Fig. 5.29a), as
these changes can represent reactive changes [40, 50].

MRI is more sensitive than CT for detecting thyroid carti-
lage invasion (sensitivity up to 96%), as the high-contrast
resolution of MR makes it possible to detect small areas of
marrow space invasion [57-60] and should be used posi-
tively when it is difficult to diagnose by contrast-enhanced
CT. When assessing cartilage invasion with MR imaging,
T2-weighted and contrast-enhanced T1-weighted signal
intensities of cartilage should be compared with the signal
intensities of the adjacent tumor [57]. If the cartilage dis-
plays signal intensity similar to that of the tumor, cartilage
invasion should be suspected (Fig. 5.27). However, MR find-
ings suggestive of cartilage invasion are not specific and
may, therefore, lead to false-positive signs. The reason is that
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Fig. 5.23 Two-way paths in the thyroarytenoid gap from different pri-
mary sites. The thyroarytenoid gap is a potential route of tumor spread
between the thyroid and arytenoid cartilages. Hypopharyngeal pyri-

reactive inflammation, edema, and fibrosis in the vicinity of
a tumor may demonstrate diagnostic features similar to those
of cartilage invasion; therefore, careful diagnosis should be
made considering the possibility of false-positive findings.
Inflammatory changes are most common in thyroid ossified
cartilage (cortical bone and bone fat marrow). The specificity
of MRI for detecting invasion of the thyroid cartilage is
56-65% [57, 58], and the higher sensitivity on MRI may be
at the expense of specificity. To avoid overestimation of car-
tilage invasion using MRI, radiologists should search for
areas isointense in signal to the tumor on TIWI, T2WI, and
fat-suppressed T2-weighted images (Figs. 5.29 and 5.30).
Reactive edema will be T2 hyperintense to the tumor [19].

form sinus carcinoma (a) and laryngeal glottic carcinoma (b) extend
inferiorly or posteriorly via this gap and the paraglottic space. (c)
Schema diagram of the spread patterns

Dual-energy CT may overcome some of the shortcomings
of conventional CT, as iodine contrast may be distributed in
tumor tissues but not in normal cartilage. With dual-energy
imaging, an iodine-overlay image can be created that distin-
guishes between an iodine contrast agent (tumor to be
imaged), soft tissue, and non-ossified cartilage and can dis-
tinguish between tumor-infiltrated and noninvasive areas
[10]. The spectral attenuation curves of tumor to non-ossified
cartilage can also be used for evaluating cartilage invasion
[9]. Even if there is contact between non-osteogenic carti-
lage and the tumor by conventional CT and the judgment is
unclear, if the contrast enhancement of non-osteogenic carti-
lage is lacking in iodine-overlay images, cartilage infiltration
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Fig.5.24 Pyriform sinus carcinoma without prevertebral involvement
on MRI. Axial contrast-enhanced CT (a) and T2-weighted images (b)
demonstrate a large tumor mass (T) arising from the right pyriform
sinus, spreading into the lateral extralaryngeal soft tissue with thyroid
cartilage invasion (arrow). On contrast-enhanced CT (a), the large
tumor (T) infiltrates posteriorly, and the fatty layer of the retropharyn-

Fig. 5.25 Esophageal extension with hypopharyngeal carcinoma.
Note the tumor invades the muscle layer of cervical esophagus (arrows)

is negative (Figs. 5.31 and 5.32). If the cartilage portion has
an enhancement effect, it can be judged that the invasion is
positive (Fig. 5.33). It is considered that adding an iodine-
overlay image to the evaluation significantly increases the
specificity (70% — 96%) without degrading the sensitivity
(86%), as compared to the usual evaluation of CT alone [10].
In addition, dual-energy CT is less affected by motion arte-
facts from swallowing motions than is MRI, and it is possible

geal space is unclear. It may be difficult to completely rule out prever-
tebral muscle infiltration. On T2-weighted image (b), the anterior
contour of the prevertebral muscle (P) is preserved, and there are no
changes in the signal intensity of the prevertebral muscle, suggesting
there is no definitive prevertebral fascia infiltration

to evaluate minute morphological changes (such as erosion)
of bone cortex by virtual 120 kV image (weighted-average
image). False positives due to secondary inflammatory
changes are less than that from evaluation by contrast-
enhanced MRI and significantly improve specificity [11].
Cartilage invasion occurs most frequently in ossified car-
tilage without perichondrium which can be a natural path-
way for the cartilage invasion. The most important sites for
cartilage invasion are (1) the thyroid angle at the attachment
of the anterior commissure tendon (Fig. 5.33c), (2) the
attachments of the cricothyroid membrane to the
corresponding cartilage (Fig. 5.28a), (3) the anterior portion
of the thyroid lamina near the origin of the thyroarytenoid
muscle (Fig. 5.33), (4) the posterior border of the thyroid
lamina adjacent to the pyriform sinus (Fig. 5.28a), and (5)
the capsule of the cricoarytenoid joint [61]. Diagnostic crite-
ria of cartilage invasion are shown in Table 5.4. For MRI,
cartilage invasion can be diagnosed as “positive” in cases
where cartilage displayed signals similar to the adjacent
tumor on all pre- and post-contrast T1-weighted and
T2-weighted images in cortical bone, cartilage, and bone
marrow space. When the cartilage had higher signal intensity
than the adjacent tumor on T2-weighted images or when
stronger enhancement was present on post-contrast
T1-weighted images, abnormal signal intensity should be
diagnosed as negative because these changes may represent
reactive changes. For dual-energy CT, image interpretation
always commence with the WA image to evaluate tumor
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Fig. 5.26 Wraparound spread with advanced pyriform sinus carci-
noma with ENE node metastasis. Axial contrast-enhanced CT (a) and
T2-weighted images (b) demonstrate a large tumor mass (T) arising
from the left pyriform sinus, spreading into the lateral extralaryngeal
soft tissue via the attachment of the inferior pharyngeal constrictor

location, extension, and invasion [10, 11]. When a lesion was
evaluated as having erosion or lysis of ossified cartilage on
WA images, the iodine distribution in the remaining non-
ossified cartilage should be evaluated on IO images for a
final diagnosis of either positive or negative for cartilage
invasion. Again, areas of ossified cartilage are thoroughly
excluded from evaluation on IO images, because dual-energy
algorithms could not distinguish calcium from iodine [10].

5.8 Lymph Node Metastasis

Supralaryngeal cancer frequently shows lymph node metas-
tasis of 50-60%, as there is often significant and bilateral
supraglottic lymphatic drainage to the high jugular nodes
(levels IT and III). Rarely, supraglottic neoplasms can involve
submandibular and retropharyngeal nodes. Purely glottic
tumors rarely have nodal metastasis, because there is almost
no lymphatic drainage of the submucosa of the true vocal
cords. However, once the tumor infiltrates the preepiglottic
or paraglottic spaces, there is a greater likelihood of nodal
disease (level III is typically the most commonly affected
level) [62]. Neck adenopathies are uncommonly encountered
in small (T1) lesions, but the risk increases to about 8% and
30% in T2 and T3 lesions, respectively. Subglottic tumors
including extension from glottic tumor may involve the
Delphian nodes (prelaryngeal node) but most frequently
involve level VI (paratracheal) lymph nodes. A positive
Delphian node is known to predict a poor prognosis in laryn-
geal and hypopharyngeal cancer [63, 64] (Fig. 5.34).
Paratracheal lymph node involvement places the patient at a
higher risk for mediastinal nodal and distant metastasis.

muscle (arrowheads). The tumor also wraps around the posterior border
of the thyroid cartilage. Note the level III lymph node metastasis with
ENE (N) and in contact with a 90 circumferential area of the common
carotid artery (arrows)

Hypopharyngeal cancer is more likely to show lymph
node metastasis, even small primary sites, than other sites of
head and neck cancer (Fig. 5.35). It is reported that 60-75%
of the initial tumor is positive for cervical lymph node metas-
tasis, and 15% are bilateral [28, 29]. This is because hypo-
pharyngeal lymphatic drainage can drain almost all lymph
node regions in the neck. Therefore, control of cervical
lymph node metastasis is important in hypopharyngeal can-
cer treatment, and a wide range of neck dissection and radia-
tion must be considered depending on the case. In addition,
the frequency of metastasis to the retropharyngeal lymph
node is also high at 15% and should be positively included in
the radiation field [65]. Again, extranodal extension (ENE)
and contralateral nodal disease are negative prognostic indi-
cators and may alter treatment regimens. It is necessary to
evaluate the clinical extranodal extension in detail for the
presence or absence and also infiltration into adjacent struc-
tures (carotid artery, jugular vein, muscle, deep cervical fas-
cia, and/or nerves) (Figs. 5.25 and 5.26).

5.9 Distant Metastasis

Laryngeal cancer has a risk of distant metastasis of approxi-
mately 10%. The risk of second primary malignancy in the
first 5 years is also high. As HNC patients have common risk
behaviors such as smoking, it is known that more than 10%
of patients after HNC treatment have second primary lung
cancer within 10 years [66]. Compared to other head and
neck cancers, hypopharyngeal cancer is considered to have a
high frequency of distant metastasis (about 17%), and the
need for remote search in pretreatment evaluation and post-



100

H. Kuno

Fig. 5.27 Very advanced hypopharyngeal carcinoma with carotid
artery invasion (T4b). Axial contrast-enhanced CT (a), T2-weighted
images (b), and contrast-enhanced fat-suppressed T1-weighted MR
image (c¢) demonstrate invasive mass (T) at postcricoid and posterior
wall of the hypopharynx. Lysis and erosion of the thyroid (arrow) and
cricoid (arrowheads) cartilages and level III lymph node metastasis

treatment follow-up is high. Lung metastases are most com-
mon, followed by mediastinal lymph nodes, liver, and bone.
Among the mediastinal lymph nodes, level VII is treated as a
regional lymph node, and the others are distant metastases.

5.10 Treatment Strategy

Treatments for laryngeal and hypopharyngeal cancer are
broadly divided into (chemo)radiotherapy and surgical treat-
ment [49]. Patients with T1, T2, and T3 disease can be con-
sidered positively for organ-preserving procedures such as
radiation therapy alone, a combination of chemotherapy and
radiation therapy, and function-preserving partial laryngec-
tomy or pharyngectomy procedures [37, 38, 67-69]. Patients
with T4a disease, particularly when the tumor extends

with ENE (N) are evident. On a T2-weighted image (b), the tumor (T)
showed tumor extension into the common carotid arteries (arrowheads).
ENE lymph node metastasis is also in contact with a 270 circumferen-
tial area of the common carotid artery, suggesting carotid artery
invasion

through the cartilage into the soft tissue of the neck, often
need aggressive treatments such as total laryngectomy [20,
69, 70], which can have a devastating impact on the quality
of life. Since treatment is decided according to the precise
extent and invasion pattern of a tumor, imaging plays a cru-
cial role in any multidisciplinary approach for management
of laryngeal and hypopharyngeal cancers.

Radiation therapy for early lesions is widely performed
(Figs. 5.8 and 5.19), and good local control and laryngeal
preservation rates have been reported. However, it must be
noted that irradiation of the same site can only be performed
once in principle, and salvage surgery for residual cases
carries the risk of complications. For advanced cases, total
pharyngo-laryngo-esophagectomy (TPLE) is mainly per-
formed. In recent years, combination chemoradiotherapy has
been attempted to preserve larynx function. In residual cases,
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Fig. 5.28 Pyriform sinus carcinoma with extralaryngeal spread
through the cricothyroid joint. Axial contrast-enhanced CT (a) and
T2-weighted MRI image (b) demonstrate the extralaryngeal spread
through the cricothyroid membrane and joint (arrowheads) with thyroid

TPLE is performed after restaging. Determining a treatment
plan for laryngeal or hypopharyngeal cancer requires com-
prehensive judgment based on different information.
Ultimately, it is necessary to make decisions via a multidis-
ciplinary tumor board, including head and neck surgeons,
oncologists, and radiologists.

For early stages of hypopharyngeal cancer, (chemo)radio-
therapy (Fig. 5.19) or laryngeal preservation surgery is
selected based on tumor conditions to aim for laryngeal pres-
ervation [71-73]. With recent advances in endoscopic diag-
nosis/treatment, treatment strategies for early (T1-2)
hypopharyngeal cancer are changing. Laryngeal preserva-
tion surgery (hypopharyngeal partial resection), transoral, or
endoscopic resection for superficial lesions of hypopharyn-
geal cancer, such as endoscopic laryngopharyngeal surgery
(ELPS) (Fig. 5.18), transoral laser microsurgery (TLM),

cartilage erosion (arrow). Coronal contrast-enhanced CT shows the
tumor (T) spreading through the cricothyroid joint (arrowheads) toward
the left thyroid lobe (arrow)

transoral video laryngoscopic surgery (TOVS), and transoral
robotic surgery (TORS) is indicated [74, 75].

5.11 Posttreatment Imaging

5.11.1 Postoperative Imaging

Various surgical procedures for hypopharyngeal cancer exist,
resulting in anatomical changes and deformation after sur-
gery. In partial hypopharyngeal resection, a portion of the
cartilage such as the posterior lamina of thyroid cartilage on
one side is resected; if necessary, the reconstructed flap tis-
sue is filled (Fig. 5.36). After TPLE, reconstruction using
free jejunum (neopharynx) is performed (Fig. 5.37). During
follow-up, lymphadenopathy may be observed in the mesen-
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Fig.5.29 True negative imaging findings for thyroid cartilage invasion
with pyriform sinus carcinoma. Contrast-enhanced CT (a) images show
tumor mass arising from the pyriform sinus. No erosion and lysis are
observed at the lamina of the thyroid cartilage although sclerotic
changes are observed (arrowheads). T1-weighted image (b) shows that
adjacent thyroid cartilage has similar low signal intensity to that of the
tumor (arrowheads). However, T2-weighted image (c¢) shows that the

tery of the reconstructed neopharynx, and many are reactive
enlargements of the mesenteric lymph nodes due to environ-
mental changes [76]. In addition, the residual thyroid some-
times shows a mimic lesion. In follow-up of surgical cases,
the area around the reconstructed flap tissue, anastomotic
site and wall of the neopharynx, resected margin, and area
around the air incisor are the preferred sites of recurrence.

5.11.2 Postradiation Imaging
In hypopharyngeal cancer, radiation therapy affects not only

the tumor but also surrounding normal tissues. CT and MR
imaging findings of early reactions to radiation therapy are

adjacent left thyroid lamina shows high signal intensity relative to that

of the tumor (arrowheads). Contrast-enhanced fat-suppressed
T1-weighted MR image (d) at the same level shows different contrast
enhancement of the tumor (T) and adjacent thyroid cartilage (arrow).
These findings suggest inflammation of the thyroid cartilage without
neoplastic invasion

thickening of the skin and platysma, reticulation of subcuta-
neous fat, edema and fluid in the retropharyngeal space,
thickening and increased enhancement of the pharyngeal
walls, and thickening of the laryngeal structures [76, 77].
The late reactions to radiation therapy include thickening of
the pharyngeal constrictor muscle, platysma, and skin.

After radiation therapy for laryngeal cancer and hypopha-
ryngeal cancer, laryngeal cartilage necrosis occurs at a fre-
quency of about 1% due to endothelial cell injury as well as
impaired circulation and lymphatic flow due to fibrosis. CT
findings of radiation-induced cartilage necrosis include sur-
rounding soft tissue swelling, segmentalization and collapse
of thyroid cartilage, shedding of arytenoid cartilage, and
abnormal gas images [78] (Fig. 5.38).
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Fig. 5.30 False-positive findings for thyroid cartilage invasion on MR
imaging with hypopharyngeal cancer. Contrast-enhanced CT image at
the false vocal cord level shows a tumor (T) arising from the right pyri-
form sinus without erosion or lysis at the thyroid cartilage. T1-weighted
image shows that the tumor (T) has low signal intensity, whereas adja-
cent thyroid cartilage has similar signal intensity (arrowheads). On
T2-weighted MR image (c), the adjacent posterior right thyroid lamina

5.11.3 Posttreatment Surveillance Imaging

Tumor recurrence after radiation therapy typically manifests
clinically within the first 2 years. The modalities for post-
treatment surveillance imaging of patients with head and
neck cancer are radiography, endoscopy, US, CT, MR imag-
ing, and FDG PET/CT. Imaging plays an important role in
the early detection of recurrence, to allow early intervention
of salvage treatment. In locally advanced cancer, even if a
good therapeutic effect is obtained, the tumor rarely disap-
pears completely, and it is controlled while maintaining a
certain size as soft tissue. In addition, due to changes after
radiation treatment, discrimination between recurrent tumors
and inflammatory edema, soft tissue necrosis, granulation,

shows similar high signal intensity to that of the tumor (arrowheads).
Contrast-enhanced fat-suppressed T1-weighted MR image (d) at the
same level shows a similar contrast enhancement of the tumor (T) and
adjacent thyroid cartilage (arrowheads). Corresponding surgical speci-
men confirmed inflammation of the thyroid cartilage without neoplastic
invasion

and fibrosis can cause issues. Therefore, the combination of
precise morphologic CT/MRI imaging and quantitative
imaging including MRI (DWI with an ADC value) and FDG-
PET is useful for posttreatment evaluation after radiation
therapy.

The use of imaging may present formidable challenges in
interpreting the post-therapeutic setting due to edema,
inflammation, fibrosis, asymmetry, and anatomical distor-
tion. The optimal timing of the first response assessment
imaging after definitive (chemo)radiation is not precisely
known, but an interval of 612 weeks has generally been rec-
ommended to balance the drawbacks of imaging too early
versus too late by modality. Typically, contrast MRI and
FDG-PET will show secondary changes more sensitively
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Fig.5.31 Negative finding for erosion in the thyroid cartilage by dual-  roid lamina has been substituted by the tumor (arrowheads). IO image
energy CT with glottic cancer. WA image (a) at the level of the false  (b) clearly shows no corresponding enhancement of the thyroid carti-
vocal cords shows a tumor mass (T) that has invaded the paraglottic  lage (arrowheads). The surgical specimen confirmed that the right thy-
space and anterior commissure. Non-ossified cartilage of the right thy-  roid cartilage has not been invaded by the tumor cells

Fig. 5.32 Negative findings for invasion in the cricoid cartilage by  (arrowheads). IO image (b) shows no corresponding enhancement of
dual-energy CT with hypopharyngeal carcinoma. WA image (a) shows the cricoid cartilage (arrowheads). The surgical specimen confirmed
a large tumor mass (T) in postcricoid area. Left lamina of the cricoid  that the cricoid cartilage had not been invaded by the tumor cells
cartilage shows lysis change and has been substituted by the tumor
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Fig. 5.33 Glottic carcinoma with thyroid cartilage invasion through  extent through the thyroid lamina is evident (arrow). Axial image, more
the outer cortex by dual-energy CT. WA image (a) at the glottic level — superiorly (¢), shows upward tumor extension along the anterior com-

shows tumor (T) invasion into the thyroid cartilage, spreading into the — missure tendon with thyroid cartilage invasion (arrows)
extralaryngeal soft tissue (arrow). On the IO image (b), the tumor

Table 5.4 Diagnostic criteria of MRI and dual-energy CT (and conventional CT) for detection of cartilage invasion

Ossified cartilage (cortical | Ossified cartilage (fatty

bone) marrow) Non-ossified cartilage
Normal cartilage
MRI | T1-weighted Very low High Low
T2-weighted Very low High Low
Contrast-enhanced T1-weighted No enhancement No enhancement No enhancement
CT Conventional image (WA image) | Very high Low Intermediate (similar to that of tumor)
DECT IO image Could not be evaluated No enhancement (low) No enhancement (low)
Positive finding for detecting of cartilage invasion
MRI* | T1-weighted Similar to that of tumor (low)
T2-weighted Similar to that of tumor (intermediate high)

Contrast-enhanced T1-weighted Similar enhancement to tumor
CT® | Conventional image (WA image) | Erosion, lysis, or transmural extralaryngeal spreading through the cartilage
DECT 10 image Positive corresponding enhancement in the region of cartilage indicated in the WA image
WA image weighted average image, /0 image iodine overlay image
“The cartilage displayed the signal intensity on all the sequences that was needed for “positive” findings

"Diagnostic readings always began with the WA image. After a lesion has been evaluated as positive on WA images, the iodine distribution on the
10 images is examined to derive a final classification of either positive or negative



106

e

i « .

Fig. 5.34 Delphian node metastasis in patients with glottic carcinoma

Fig. 5.35 T2N3 hypopharyngeal carcinoma. For hypopharyngeal car-
cinoma, even if the primary site is small (arrows), lymph node metasta-
sis can often be large (N)

than contrast CT. Therefore, the recommended interval for
baseline study would be 4-6 weeks for contrast CT,
6—8 weeks for contrast MRI, and 10-12 weeks for FDG-PET
[14]. In follow-up, comparison with baseline study is
important.

Contrast-enhanced CT has traditionally been the imaging
modality of choice to follow patients with head and neck
cancer. In general, the literature suggests that CT has accept-
able sensitivity and moderate specificity for assessing tumor
response to therapy. MRI is superior to CT in terms of tissue
contrast and is useful for treatment evaluation and relapse
diagnosis. Diffuse changes in the larynx and hypopharynx
should not be regarded as evidence of tumor recurrence.
Obvious or subtle focal masses on CT or MRI may alert the
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Fig.5.36 Post partial pharyngectomy. The posterior lamina of thyroid
cartilage on the left side is resected (allow) filled with the reconstructed
flap tissue (asterisk)

Fig. 5.37 Post TPLE neopharynx. Axial contrast-enhanced CT dem-
onstrates the neopharynx (asterisk). Secondary lymph node swelling is
seen at the mesenteric lymph node of the neopharynx. This node was
observed to remain the same size for over 3 years after operation

radiologist to the possibility of a recurrent tumor. The use of
the ADC has been reported to result in high sensitivity and
specificity, with nearly no overlap between tumoral and non-
tumoral tissue [79-81] (Fig. 5.39). It is important to use a
combination of morphologic and quantitative MR imaging
including DWI b-value images and ADC images with ADC
value for posttreatment evaluation after radiation therapy
[80].

The overall diagnostic performance of posttreatment
FDG PET (CT) for response assessment and surveillance
imaging is excellent, but its positive predictive value is sub-
optimal (Fig. 5.39). Several systemic reviews and meta-
analyses have reported that PET-CT is most accurate at least
2-3 months after (chemo)radiation therapy, and the accuracy
increases at 12 weeks or longer [14, 82]. The negative pre-
dictive value of PET-CT remains exceptionally high (up to
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Fig. 5.38 Chondroradionecrosis of the larynx. (a) Axial contrast-
enhanced CT demonstrated glottic cancer of the right vocal cord (T).
Normal left arytenoid cartilage is seen (black arrowhead). (b) Contrast-

Fig. 5.39 True negative findings for primary site by MRI with hypo-
pharyngeal cancer treated by chemoradiation therapy. On the FDG-PET
(a) and MRI (b-d) obtained 3 months after CRT for pyriform sinus
cancer. FDG-PET showed FDG uptake at the primary site. However,
axial T2-weighted image (b) and contrast-enhanced T1-weighted image

enhanced CT obtained 12 months after RT shows that the left arytenoid
has disappeared, leaving a soft-tissue defect (arrow). There is also small
air density at the cricoid cartilage (arrowhead)

(c) show a triangular lesion (arrows) in the primary site with high signal
intensity on T2 and faint contrast enhancement. The ADC map (d)
reveals no restricted diffusion in the corresponding area, suggesting
post-RT inflammatory edema
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Fig. 5.40 True negative findings for lymph node by FDG-PET/CT
with hypopharyngeal cancer treated by chemoradiation therapy. In
contrast-enhanced CT obtained 6 months after chemoradiation therapy
(a, b), the remaining lymph node metastasis is observed (b, arrow),

98%), and specificity at this time excludes residual diseases
[83] (Fig. 5.40). Two consecutive PET/CT examinations
with negative findings within 6 months posttreatment scan
are highly suggestive of the absence of viable disease which
could prevent further radiologic imaging in the absence of
clinical signs of recurrence [84]. Timing of posttreatment
imaging has a moderate but significant impact on diagnostic
accuracy.
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Diagnostic Imaging of Metastatic Nodal

Disease

Hiroko Tanaka

Abstract

Knowledge of anatomy, classification, drainage path-
ways, and morphologic variations of neck lymph node is
key to correct interpretation of head and neck imaging.
Computed tomography, magnetic resonance imaging,
ultrasonography, and PET/CT are complementary imag-
ing modalities that can be used in the evaluation of lymph
node metastasis. This chapter discusses the imaging eval-
uation for metastatic lymph nodes in head and neck squa-
mous cell carcinoma.

Keywords

Head and neck cancer - Neck nodal metastasis - CT -
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6.1 Introduction

Head and neck squamous cell carcinoma (HNSCC) com-
prises most common head and neck malignancy. HNSCC
generally metastasizes to the cervical lymph nodes, with a
frequency of approximately 50%, but the frequency varies
depending on the site and stage of the primary tumor.
Cervical lymph node metastasis is an important prognostic
indicator in HNSCC as it reduces patient survival by 30-50%.
Multiple nodes, large size, lower level metastases, and extra-
nodal extension are additional prognostic factors. However,
the smoking status and the condition of the primary tumor
such as virus (human papilloma virus or Epstein-Barr virus)
affect the prognosis. These characteristics and the status of
the lymph node metastases influence the treatment options
for surgery and/or (chemo)radiotherapy. Therefore, accurate
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detection of metastasis is essential, and imaging plays an
integral role in every stage from initial diagnosis to posttreat-
ment surveillance.

In this chapter, we will review the normal nodal anatomy,
classification, and lymphatic drainage in the head and neck
region and also will discuss imaging techniques, the imaging
criteria, treatment assessment, and post-therapeutic surveil-
lance for metastatic lymph nodes of HNSCC patients.

6.2  Anatomy of Normal Lymph Node

In the head and neck region, there are 150-350 lymph nodes
equivalent to one third of the whole body lymph nodes. The
lymph nodes are flat lumpy peripheral lymphoid organs.

The afferent lymphatic vessels are on the capsule side of
the lymph nodes, and the efferent lymphatic vessels pass
through the hilum. The blood supply of the lymph nodes is
through the arteries entering from the hilum. The venous
blood of the lymph node is collected in the medulla and
leaves the lymphatic hilum.

Lymph code is divided into cortex, paracortex, and medulla
from the outside. The cortex has numerous lymphoid follicles
as B lymphocyte areas. Lymphoid follicles are primary folli-
cles that do not undergo antigen stimulation and secondary fol-
licles that have germinal centers formed by differentiation and
proliferation of B lymphocytes under antigen stimulation. The
secondary follicle is composed of the germinal center and the
mantle zone in which the primary follicle surrounds the germi-
nal center. The paracortex is mostly occupied by T lympho-
cytes. The medulla exists from the deep paracortex to the
hilum, and the small lymphocytes and many plasma cells are
distributed in the medulla, resulting in humoral immunity.

The lymph sinus is a lymphatic flow pathway. There are
small lymphocytes and sinus histiocytes in the sinus. Lymph
fluids draining from the lymphatic vessels that penetrate the
lymph node capsule pass through the marginal sinuses, the
intermediate sinuses, and the medullary sinuses and are
poured from the lymph nodes into the efferent lymphatics.
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The lymph node acts as a filter and plays a role in protect-
ing the body. When antigens, cell fragments, bacteria, and
cancer cells are filtered out in the lymph node, the lympho-
cytes and phagocytes in the lymph node react and the lymph
node enlarged. Lymph node metastasis occurs when the fil-
tered cancer cells proliferate in the lymph nodes and often
begins in the marginal sinus.

6.3 Lymph Node Classification

The classification of Rouviére in 1938 has been the basis of
all the current nodal classification and most commonly used
[1]. In 1998, the American Head and Neck Society and
American Academy of Otolaryngology-Head and Neck
Surgery proposed a new nodal classification with the devel-
opment of more advanced surgical approaches to head and
neck cancer. This system could accurately reflect lymphatic
drainage patterns; however, some of the surgical boundaries
were difficult to define by imaging. The imaging-based clas-
sification by Som et al. in 1999 used well-defined anatomic
boundaries that can be easily identified and highly reproduc-
ible by both clinicians and radiologists [2]. The imaging-
based classification has been widely accepted and applied for
initial evaluation and surveillance of HNSCC patients
regardless of the method of treatment (Fig. 6.1).

It is important to note that the imaging-based level clas-
sification does not include several anatomic groups, such as
supraclavicular, retropharyngeal, occipital, parotid, facial,
and other superficial nodes discussed in the basic anatomic
classification; these groups continue to be referred by their
terminology (Fig. 6.2).

6.3.1 Imaging-Based Classification

This classification is intended for lymph nodes for neck dis-
section of cancer treatment. Cervical lymph nodes can be
categorized by imaging-based landmarks. Figure 6.1 sum-
marizes the imaging-based classification except level VII.

Level I is divided into IA and IB. Level IA lymph nodes
are submental nodes and found between the anterior bellies
of the digastric muscles below the mandible. Level IB nodes
are submandibular nodes and found lateral to the anterior
bellies of the digastric muscle and anterior to the posterior
margin of the submandibular glands within the submandibu-
lar space.

Level II, 1T, and IV nodes extend along the internal jugu-
lar vein (IJV) and are deep to the sternocleidomastoid mus-
cle (SCM) and anterior to the posterior edge of the
SCM. Level II nodes are the upper portions of the internal

jugular chain and spinal accessory chain, extending from the
posterior belly of the digastric muscle to the bottom of the
hyoid bone. Level IIA nodes are found posterior to the pos-
terior margin of the submandibular gland, and may be ante-
rior, or lateral to the IJV and touching to the posterior wall of
the IJV. Level IIB nodes are posterior to the IJV with a fat
plane between the node and the IJV. Level III nodes are mid-
dle internal jugular chain nodes, extending from below the
hyoid bone to the inferior margin of the cricoid cartilage.
Level IV nodes are lower internal jugular chain nodes from
the inferior margin of the cricoid cartilage to the supracla-
vicular fossa.

Level V nodes are found in the posterior cervical space
corresponding to the spinal accessory chain, lying posterior
to the posterior margin of the SCM. Level V nodes are
divided into VA and VB. Level VA nodes are from skull base
to the inferior of the cricoid cartilage; level VB nodes are
from below level VA to the supraclavicular fossa.

Level VI nodes are in the visceral space between the
carotid arteries, extending from the bottom of the hyoid bone
to the top of the manubrium, including the prelaryngeal, pre-
tracheal, and paratracheal subgroups.

Level VII nodes are the superior mediastinal nodes
located between the carotid arteries from the superior margin
of the manubrium to the innominate vein.

The supraclavicular nodes lie at or caudal to the level of
the clavicle and lateral to the carotid artery on each side of
the neck, as seen on each axial scan.

The retropharyngeal nodes lie medial to the internal
carotid arteries (ICA) within 2 cm of the skull base.

6.3.2 Basic Anatomic Classification

The supraclavicular nodes are along the transverse cervical
artery in the supraclavicular fossa connecting the inferior
aspects of internal jugular chain (IJC) and spinal accessory
chain (SAC). Although these lymph nodes are not assigned a
level in image-based classification, Som et al. distinguish
them from levels VB, IV, and VI as indicated in the previous
section. The Virchow node is specifically named pathologic
node within the left supraclavicular fossa and is clinically
significant. If no primary tumor is evident in the neck, this
Virchow node is a signal for pulmonary or abdominal pri-
mary tumor.

The retropharyngeal nodes (RPN) include both the medial
retropharyngeal space (RPS) node found in the paramedian
RPS in the suprahyoid neck and the lateral RPS node
(Fig. 6.2a) found lateral to the prevertebral muscles and medial
to the ICA and IJV. It is important that the RPNs are often
subclinical and imaging can be the first indicator of disease.
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Fig. 6.1 Axial contrast-enhanced computed tomography (CECT)
images show distribution of cervical node levels using the imaging-
based classification. Solid lines indicate the boundaries of the nodal
levels, and dotted lines indicate level subdivisions. (a) level IB, IIA,

The occipital nodes (Fig. 6.2a) are located within the sub-
cutaneous tissues posterior and inferior to calvarium. These
nodes are divided into suprafascial/superficial, subfascial,
and submuscular/subsplenius occipital nodes.

The parotid nodes (Fig. 6.2b) are located in the parotid
region and are divided into three. The intraglandular nodes

1IB, VA (b) level IA, IB, IIA, 1IB, VA (c¢) level 111, VA, VI (d) level 1V,
VB, VI (ASM anterior scalane muscle, CA carotid artery, DGM anterior
belly of the digastric muscle, /JV internal jugular vein, SCM sternoclei-
domastoid muscle, SMG submandibular gland, TM trapezius muscle)

are within the fascia circumscribing the parotid space. The
preauricular or postauricular nodes are found anterior or pos-
terior to the auricle.

The facial lymph nodes include multiple nodes named for
their anatomic location, such as the mandibular nodes super-
ficial to the mandible (Fig. 6.2¢), the buccinator nodes within
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Retropharyngeal node

Occipital

Madibular node

Vs

:!ugulodigastric node

: Externakjugular|
node

Fig. 6.2 Axial T2WI (a) and CECT images (b, ¢) show anatomic named nodes. (a) Retropharyngeal and occipital nodes, (b) jugulodigastric and

parotid nodes, (¢) madibular and external jugular nodes

the subcutaneous tissues of the cheek, the infraorbital nodes
below the orbits, the malar nodes along the malar eminence,
and the zygomatic nodes superficial to the zygomatic arch.

The lingual/sublingual node is along the lymphatics of the
tongue. The lateral node is located in sublingual space along
the lingual artery and vein. Lymph nodes between the sub-
mandibular gland and the hyoid bone, which are called para-
hyoid lymph nodes, are classified as lateral lingual lymph
nodes. The medial node is located between both genioglos-
sus muscles.

The external jugular node (Fig. 6.2c) is found in the
superficial space along the external jugular vein.

The anterior cervical group is located in the infrahyoid
anterior neck. Although the prelaryngeal, pretracheal, and
paratracheal nodes are included in level VI, the anterior jugu-
lar nodes along the anterior jugular vein are not included in
imaging-based classification.

The jugulodigastric node (Fig. 6.2b) is a specifically
named lymph node and included in the high IJC. This node
may normally be larger than other nodes and will quickly
enlarge with upper respiratory infections.

6.4 Common Lymphatic Drainage

of HNSCC

Lymphatic drainage patterns are important in pathologic pro-
cesses. HNSCC has a common lymphatic drainage pattern of
metastasis. The relationship between primary sites and lymph
node metastasis of HNSCC has been well studied [3].
Knowledge of these patterns is essential when evaluating
neck lymph nodes in HNSCC patients, and conversely, pri-
mary tumors can be suggested from the site of lymph node
swelling. Nodal metastases of most HNSCC are present more
frequently on the ipsilateral side. Contralateral metastases

Table 6.1 Lymphatic drainage: Main primary sites

Location | Primary site

1A Lip, tip of tongue, anterior oral floor, skin of face

1B Tongue, posterior oral floor, buccal mucosa, gingiva,
skin of face, paranasal sinuses, submandibular gland

II Pharynx, oral cavity, supraglottis, paranasal sinuses

I Pharynx, supraglottis, tongue, base of tongue

v Larynx, thyroid, cervical esophagus, infraclavicular
primary

v Pharynx, skin of scalp, thyroid

VI Larynx, cervical esophagus, thyroid

VII Subglottis, cervical esophagus, thyroid

SCN Any HNSCC, cervical esophagus, thyroid,
infraclavicular primary

RPN Nasopharynx, oral cavity, sinonasal, oropharynx,
posterior wall of hypopharynx

Parotid Orbit, nasopharynx, skin, ear, parotid

RPN retropharyngeal node, SCN supraclavicular node

can also occur, and the risk increases with the presence of
ipsilateral nodal metastases and increased proximity of the
primary tumor site to the midline. As a general rule, when
contralateral metastasis is present, it often mirrors the nodal
distribution of disease in the ipsilateral neck. However, these
patterns of lymphatic spread are not defined because of the
many lymphatic connections, and skip metastasis to more
distal nodal levels without involvement of usual proximal
pathways can occur in up to 15% of cases [4]. The common
lymphatic drainage pathways are discussed here.

6.4.1 Drainage Patterns to Lymph Nodes
The relationship between nodal classification of neck lymph
nodes and primary sites is listed in Table 6.1.

Level I nodes receive lymphatic drainage from the lips,
floor of the mouth, and oral tongue. Level IA nodes normally
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drain into level IB nodes, and level IB nodes usually drain
into level II.

Level I1, II1, and IV nodes typically receive drainage from
the pharynx, oral cavity, parotid space, retropharyngeal
space, facial nodes, and level I nodes. The usual pattern of
lymphatic drainage progresses from level II to level III to
level IV and drains into the 1JV, the subclavian vein, or the
transverse cervical chain.

Levels VA and VB receive drainage from the pharynx; the
occipital, or mastoid, or parietal scalp region; and the lateral
neck and drain into the transverse cervical chain.

Level VI receives drainage from the visceral space includ-
ing the larynx, trachea, esophagus, thyroid, and dermal lym-
phatics of the anterior neck and typically drains into the
superior mediastinum and level IV nodes.

The retropharyngeal nodes receive drainage from the
sinonasal and pharyngeal mucosal surfaces and usually drain
into the high level II.

The intraparotid nodes receive lymphatic drainage from
the external auditory canal, the pinna of the ear, the eusta-
chian tube, the skin of the lateral forehead and temporal
region, posterior cheek, gums, and buccal mucosa and drain
into the high level II.

The transverse chain receives drainage from the internal
jugular chain, spinal accessory chain, subclavicular nodes,
upper anterior chest wall, and skin of the anterolateral neck.

6.4.2 Drainage Patterns from the Primary
Site

The lymphatic drainage pathways from each anatomic area
are summarized in Table 6.2.

The anterior nose drains to level IB. The posterior two
third nose drains to retropharyngeal nodes, levels IB, II, and
1.

Drainage of the tongue is complex. The anterior tongue
drains to levels IA and IB. The posterior tongue may drain to
level IB or level II. Level III and IV nodes may be involved in
advanced disease, or skip metastasis. Midline lesions may have
bilateral pathways. Drainage of the other oral cavity may
extend from level I to level IV, depending on the location of the
primary tumor. Anterior regions drain to level IA nodes, and
posterior portions drain preferentially to level II. Oral floor can
also have relatively frequent bilateral nodal metastasis [5].

Tumors arising in the pharynx have a higher risk of pre-
senting with nodal metastasis, and midline lesions may result
in bilateral drainage patterns. The nasopharynx has rich lym-
phatic supply and shows one of the highest rates of nodal
metastasis when involved with SCC [6]. The nasopharynx
also serves as the catchment basin for lymphatic drainage of
most of the nasal cavity and paranasal sinuses. The lymphatic
drainage is to lateral retropharyngeal nodes and level II nodes,

Table 6.2 Lymphatic drainage: Main drainage routes

Anatomic area | Subdivision Lymphatic drainage
Nasal cavity | Anterior nose 1B

Posterior 2/3 nose RPN, IB, II, IIT
Paranasal Paranasal sinus 11, 111, IB, RPN
sinus
Oral cavity Tip of tongue 1A

Tongue 1B, 11, IIT

Hard palate 1L, 11

Upper gingiva I, 1T

Lower gingiva IB, IT

Lip 1A, IB

Buccal mucosa 1B, ITA

Anterior oral floor 1A, 11, 11T

Posterior oral floor 1B, 11, IIT

Retromolar trigone 1B, 11, IIT
Pharynx Nasopharynx RPN, II, IIL, IV, V

Tonsillar fossa 11, IIT

Base of tongue 1L, III

Soft palate IL, III, RPN, parotid

Anterior tonsillar 1B, II, IIT

pillar

Posterior tonsillar IL, 111, IV, V, RPN

pillar

Hypopharynx 11, II1, IV, VB, RPN, VI
Larynx Supraglottis 1L, 10, IV

Glottis IIL 11

Subglottis VL, IV, 111
Esophagus Cervical esophagus VI, VII, IV, SCN
Scalp Skin Parotid, mastoid, occipital,

\%

Ear Auricle, EAC Parotid, mastoid, II, IIT
Orbit Orbit Preauricular, parotid, 11
Salivary Parotid 11, II1, parotid, V
gland Submandibular 1B

Sublingual 1A, IB

EAC external auricular canal, RPN retropharyngeal node, SCN supra-
clavicular node

with drainage to more distal level III, IV, and V nodal groups
in more advanced disease and through alternative drainage
patterns. The drainage of oropharynx is primarily to level II
and III nodal groups, with less common involvement of retro-
pharyngeal and level IV nodes. The hypopharynx has rich
lymphatic supply, particularly dense lymphatic drainage in
the piriform sinuses. Drainage is similar to that of the oro-
pharynx with predominant involvement of level II to IV and
occasionally RPNs from the posterior hypopharyngeal wall.
Anterior hypopharyngeal lymphatic channels may directly
communicate with laryngeal lymphatics, with eventual
involvement of level VI nodes.

Laryngeal drainage patterns are divided into supraglottic,
glottic, and subglottic patterns. Supraglottic regions drain
primarily to level III, with occasional drainage cephalad to
level II. Prominent horizontal drainage patterns lead to an
increased risk for bilateral metastasis. Glottic regions have
poor lymphatic drainage. More advanced glottic lesions
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may have involvement of nodal levels II to IV and
VI. Subglottic processes have primarily lateral drainage to
levels 111, IV, and VI.

6.5 Imaging Techniques

The evaluation of the cervical lymph node is an essential part
of the management of head and neck cancer. The nodal
metastasis in HNSCC patient is a significant negative prog-
nostic factor. Diagnostic accuracy of neck nodal metastasis
is improved by the use of imaging rather than clinical palpa-
tion alone. Multiple modalities of computed tomography
(CT), magnetic resonance imaging (MRI), ultrasonography
(US), and fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) are currently used for assessment of cervi-
cal lymph nodes (Figs. 6.3 and 6.4).

6.5.1 Contrast-Enhanced CT and MRI

CT and MRI are used for staging and surveillance of patients
with HNSCC. CT is commonly used for regional nodal stag-
ing, because the short examination times reduce motion arti-
facts and spatial resolution is high compared with MRI [7].
Patients should be positioned with the infraorbitomeatal line,
when using CT or MRI to evaluate lymph nodes.

CT is typically obtained helically from above the skull
base through the tracheal carina. CT is performed using a
contrast agent unless limited. Images with high-resolution
CT can be reconstructed and useful for detection of lymph
node metastasis.

For MR, T1-weighted images (T1WI), T2-weighted images
(T2WI), diffusion-weighted images (DWI), and contrast-
enhanced TIWI with fat saturation are recommended
(Fig. 6.4b—e). DWI has shown promise in improving detection
and characterization of lymph nodes and may be helpful in
evaluating the posttreatment neck [8]. Multiple studies dem-
onstrate that malignant nodes tend to have relative diffusion
restriction with lower apparent diffusion coefficients. Some
studies have shown high sensitivity (84-89%) and specificity
(94-97%) for detection of metastatic nodes by DWI, exceed-
ing conventional sequences [9, 10]. However, magnetic field
inhomogeneity can reduce the image quality on DWI.

6.5.2 US

US is a convenient way to assess neck lymphadenopathy. US
has better spatial resolution in evaluating internal architec-
ture than CT or MRI (Figs. 6.3 and 6.4) [11]. US combined
Doppler technique or fine-needle aspiration cytology
(FNAC) is useful and improves sensitivity and specificity in
diagnosis of metastatic nodes. However, interpretation is

observer dependent, and retropharyngeal and mediastinal
nodes cannot be assessed with US.

6.5.3 FDG-PET/CT

FDG-PET is an imaging modality that evaluates for metaboli-
cally active tissue. Integrated PET-CT units have improved the
accuracy of PET image interpretation (Fig. 6.4f) [12]. FDG-
PET/PET-CT is used for staging and post-therapeutic surveil-
lance in HNSCC. Several studies have demonstrated higher
sensitivity (84-92%) and specificity (95-99%) for PET/CT in
the detection of regional lymph node metastases in HNSCC,
compared with CT, MRI, or US [12-14]. Although PET-CT
has the potential to detect small metastatic deposits in normal-
sized nodes, a lower sensitivity for diagnosis of lymph nodes
less than 10 mm is limitation. Other limitations are that cystic
or necrotic nodes may be false negative while reactive nodes
may be false positive (Fig. 6.5) [15].

6.6 Imaging Features of Metastatic Nodes
The primary method of detecting metastatic lymphadenopa-
thy was palpation, and the criteria used were nodal size and
fixation. Metastasis was suggested if a palpable node was
larger than 1.5 cm in greatest diameter.

The imaging criteria were based on applying the clinical
size criteria to CT and scrutinizing the features for evidence
of extranodal extension in all size lymph nodes. Imaging cri-
teria for lymph node metastasis have been reported, and the
criteria shown below are widely used. However, even with
these imaging criteria, occult metastases can be found in sev-
eral primary lesions such as oral cavity, oropharynx, hypo-
pharynx, and supraglottic cancers.

6.6.1 Size

Size criteria are widely used in evaluating lymph nodes. Nodes
measuring greater than 15 mm in maximum diameter in level I
and level IB and greater than 10 mm in all other levels are con-
sidered abnormal [16]. These criteria correspond to the earlier
clinical experience described, and nodes exceeding these dimen-
sions are metastatic by about 80%. Minimum diameter measure-
ments are more accurate, and diameters exceeding 11 mm in
level IT and 10 mm elsewhere are considered abnormal (Fig. 6.4)
[3]. It has been proposed that retropharyngeal nodes should not
exceed 8 mm in maximum diameter or 5 mm in minimum short-
axis diameter [17, 18]. On US, nodes measuring greater than
7 mm in minimum axial diameter in level Il and 6 mm elsewhere
are considered abnormal [19]. Although some size criteria for
determination of metastatic lymphadenopathy have been pro-
posed, unfortunately none are perfect (Fig. 6.6) [20].



6 Diagnostic Imaging of Metastatic Nodal Disease

Fig. 6.3 A right level IB lymph node (arrow) shows normal size and shape with fatty hilum on axial CECT (a), T2WI (b), and TIWI (c).
shows homogeneous parenchyma (d, arrow) and echogenic hilum with a hilar vascular pattern on color Doppler (e)
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Fig. 6.4 Metastatic right level I node (arrow) from hypopharyngeal ~ (c), restricted diffusion on DWI (b of 1000 s/mm?) (d), a ADC of
cancer exceeds 11 mm in minimum diameter with focal inhomogeneity ~ 0.74 x 10~ mm?s (e), FDG uptake on fused PET/CT (f), and absent
on both enhanced CT (a) and TIWI (b), intermediate intensity on T2WI  hilum and a non-hilar vascular pattern on US (g, h)
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Fig. 6.5 Hyperplastic bilateral level IB nodes (a, b, arrowhead) reveal well-defined margin and lobulated shape on CECT (a). FDG-PET shows
false-positive uptake (b)

Fig. 6.6 Metastatic right level IV node (a, b, arrow) is less than 10 mm in minimum diameter and, however, has focal inhomogeneity
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6.6.2 Shape

Nodal shape criteria are based on the pathologic observation
that the normal or hyperplastic node is kidney-bean-shaped,
whereas metastatic nodes are rounded. It has been suggested
that the ratio of the maximum longitudinal nodal length to
the maximum axial nodal length (L/T) should be greater than
2 for normal hyperplastic nodes, whereas a value of less than
2 strongly suggests that the node contains metastatic carci-
noma (Fig. 6.4) [3, 16, 17]. If a lymph node is borderline by
size criteria, but is round, it is more likely to be metastasis.

Normal nodes have usually well-defined borders and a
fatty hilum that may be seen on CT, MRI, and US (Fig. 6.3).
Malignant nodes typically show loss of the normal fatty
hilum or focal cortical expansion (Figs. 6.4 and 6.6) [21].
However, focal cortical expansion is often found in normal
or hyperplastic level IB nodes (Fig. 6.5).

6.6.3 Grouping

Nodal grouping is defined as the presence of three or more
confluent lymph nodes with borderline size. Such a group-
ing along the expected drainage region is highly suggestive
of metastasis [3]. When present, the minimal axial size
threshold for a metastatic lymph node can be decreased by
1-2 mm, increasing sensitivity, without significantly affect-
ing specificity.

6.6.4 Focal Nodal Inhomogeneity or Central
Necrosis

The most reliable imaging criterion for metastatic lymphade-
nopathy is central necrosis. This term “central necrosis™ is a
misnomer, and the term “focal nodal inhomogeneity” is
more suitable, because the medulla of metastatic nodes con-
tain not only necrosis but also tumor cells [20, 22]. When the
tumor metastasizes to the lymph nodes, these internal archi-
tecture become heterogeneous. As the majority of tumor
cells enter a lymph node via the afferent lymphatics, focal
nodal inhomogeneity occurs from the subcapsular region
and spreads to the center of the node. If focal nodal inhomo-
geneity is >3 mm in size, it can frequently be identified on
CT and MRI. Focal nodal inhomogeneity shows relatively
low attenuation on CT and may appear hypointense on
enhanced T1WI and hyperintense on T2ZWI and STIR images
(Figs. 6.4 and 6.6).

The differential diagnosis of focal nodal inhomogeneity is
the normal fatty hilum of the node. This hilum can be char-
acterized as fatty attenuation on CT, as high intensity on
T1WI and T2WIs, and as hyperechoic area on US (Figs. 6.3
and 6.5). The other differential diagnosis is an intranodal

abscess in patients with acute infection and suppurative
lymphadenitis. These cases are frequently evident based on
the clinical presentation.

6.6.4.1 Cystic Nodal Metastasis

It has been recognized that there is a marked predilection for
cystic nodal metastases to be associated with SCC of the ton-
sils and tongue base, and the incidence of cystic metastases
has been reported to be as high as 33-50% [23]. The associa-
tion between human papilloma virus (HPV) and tonsil and
tongue base cancer has been well documented. HPV-related
cancer accounts for more than 70% of HNSCC in orophar-
ynx, and most of these cancers have cystic nodal metastases.
In the unknown primary HNSCC with cystic nodal metasta-
sis, primary tumors are often found in tonsils and tongue
base. The mechanism of cyst formation in cystic nodal
metastases has not been fully described. Radiologically, cys-
tic nodes are defined as round or ovoid masses with a thin
(<2 mm) enhancing capsule, homogeneous fluid content, and
no internal complex, irregular, or solid area (Fig. 6.7). The
differential diagnosis includes branchial cleft cyst and nodal
metastasis of thyroid cancer.

6.6.5 Extranodal Extension (ENE)

Although terms such as extracapsular extension, extracapsu-
lar spread, or extranodal involvement have been used to
denote tumor extension outside the capsule of a metastatic

Fig. 6.7 Axial CECT image shows a cystic metastasis (asterisk) from
HPV-related tongue base cancer. The lesion is similar to a second bra-
chial cleft cyst
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node, the American Joint Committee on Cancer (AJCC) and
the Union for International Cancer Control (UICC) recom-
mend extranodal extension (ENE) as a preferred wording.

The neck lymph node metastases decrease the overall sur-
vival by approximately half, and ENE worsens the prognosis
by another 50% [24]. It was initially believed that extranodal
extension occurred only in lymph nodes larger than 3 cm in
greatest diameter. However, some studies have shown that
ENE occurs in 23% on nodes less than 1 cm in greatest diam-
eter, in 53% of nodes 2-3 cm in greatest diameter, and in
74% of nodes greater than 3 cm in greatest diameter. Overall,
60% of nodes with a greatest diameter of less than 3 cm have
microscopic or gross extranodal extension [25, 26].

Several CT or MRI features suggest ENE, such as indis-
tinct nodal margins and irregular nodal capsular enhance-
ment; however, the strongest imaging feature supporting the
clinical diagnosis for ENE is clear infiltration into the adja-
cent fat or muscle (Fig. 6.8). CT or MRI generally has low
sensitivity (65-80%) but high specificity (86-93%) for the
detection of ENE. On US, ENE is suggested by interrupted
or undefined nodal contours. US appears to be less accurate
in assessment of ENE than CT and MRI.

6.6.5.1 Carotid Arterial Invasion

The common or internal carotid artery is invaded in up to
5-10% of cervical lymph node metastasis of HNSCC [27].
Although it is important to recognize carotid invasion prior

to treatment, it is often difficult. The size of metastatic lymph
node is not a significant indicator of carotid invasion [28].
Deformity of the contour of carotid artery is a highly indica-
tor of carotid arterial invasion. If the carotid artery is sur-
rounded by a tumor above 270° no surgical resection is
generally attempted. However, it is often difficult to deter-
mine resectability by contact angle (Fig. 6.8). Surgical resec-
tion of tumor can be performed in cases without adventitial
invasion of carotid artery. Because the carotid artery can be
dissected from the tumor if the feeding vessels within the
adventitia can be detected between the tumor and the carotid
artery on enhanced CT, we consider that this finding is
important. Even in cases with arterial invasion, resection and
reconstruction of the carotid artery may result in better
regional control. Therefore, it is important to select a treat-
ment based on the comprehensive consideration including
the patient’s wishes and condition.

6.6.5.2 Prevertebral Fascia Invasion

The prevertebral fascia is tough and provides a barrier to
tumor invasion. There have been previous reports of imaging
findings on prevertebral fascia infiltration [29]. Compression
and deformity of the fascia and signal changes of the prever-
tebral muscles on T2WI were considered as useful findings,
but their specificities were low. The most reliable finding that
indicates there is no invasion is that the fat of the retropha-
ryngeal space is preserved.

Fig. 6.8 Metastatic nodes reveal radiological ENE, such as enhance-
ment of the nodal periphery, and irregular margins with infiltration to
adjacent fat (a), or adjacent muscle planes and carotid artery (b). In b,

the ICA (arrowhead) had 180° of contact with the metastatic node;
however, adventitial invasion was confirmed at surgery
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6.6.6 Vascular Patterns on US

Doppler US is the modality of choice for the assessment of a
vascular pattern in neck cervical nodes. A hilar pattern is
radiating vessels from the hilum into the node, and this
pattern is highly specific for benign lymph nodes (Fig. 6.3)
[30]. Non-hilar patterns include vascular displacement due
to a focal intranodal lesion and a peripheral pattern due to
neovascularization where vessels enter the node via the cap-
sule away from the nodal hilum and are highly specific for
metastatic involvement (Fig. 6.4).

6.7 Nodal Staging of HNSCC

TNM classification decided and revised by AJCC and UICC
is widely accepted for cancer staging. This system has been
classified based on the number, maximum size, and laterality
of the affected nodes. After TNM classification seventh edi-
tion, HPV-related oropharyngeal cancer has been found to
have several different characteristics, such as natural history,
response to treatment, and prognosis. Radiation and chemo-
radiotherapy have been increased in HNSCC treatment.
Based on these, the nodal staging of the TNM classification
eighth edition instituted two major changes (Tables 6.3 and
6.4) [31, 32].

Table 6.3 Clinical N staging

N
Primary site stage | Definition
Any NX | Regional nodes cannot be assessed
NO | No regional nodal metastasis
All excluding NI | Single ipsilateral <3 cm ENE(—)
p16+ oropharynx, | N2a | Single ipsilateral >3 cm and <6 cm
and nasopharynx ENE(-)
N2b | Multiple ipsilateral <6 cm ENE(—)
N2c | Bilateral or contralateral <6 cm
ENE(-)
N3a |>6cm ENE(-)
N3b | Any node(s) ENE(+)

p16+ oropharynx N1 | Unilateral <6 cm
N2 Contralateral or bilateral <6 cm
N3 >6 cm

Nasopharynx N1

Unilateral cervical; unilateral or
bilateral RPN; above the caudal
border of cricoid cartilage <6 cm

N2 Bilateral cervical; above the caudal
border of cricoid cartilage <6 cm
N3 Below the caudal border of cricoid
cartilage >6 cm

The presence of skin involvement or soft tissue invasion with deep fixa-
tion/tethering to underlying muscle or adjacent structures or clinical
signs of nerve involvement is classified as clinical ENE

ENE extranodal extension, RPN retropharyngeal node

Table 6.4 Pathological N staging

N
Primary site stage | Definition
Any pNX | Regional lymph nodes cannot
be assessed
pNO | No regional lymph node
metastasis
All excluding pN1 | Single ipsilateral <3 cm
p16+ oropharynx, and ENE(-)
nasopharynx pN2a | Single ipsilateral <3 cm
ENE(+);
Single ipsilateral >3 cm and
<6 cm ENE(-)
pN2b | Multiple ipsilateral <6 cm
ENE(-)
pN2c | Bilateral or contralateral
<6 cm ENE(-)
pN3a | >6 cm ENE(-)
pN3b | Single ipsilateral >3 cm
ENE(+);
Multiple ENE(+)
p16+ oropharynx pNI1 1—4 lymph node(s)
pN2 |5 or more lymph nodes
Nasopharynx Clinical N staging

ENE detected on histopathologic examination is designated as ENE,;
(microscopic ENE <2 mm) or EME,,, (major ENE >2 mm). Both
ENE,; s EME,,, qualify as ENE(+) for definition of pN

ENE extranodal extension

The first change is that different clinical and pathological
N classifications are proposed. Clinical N (cN) classifica-
tion is required for all patients, and pathological N (pN)
classification is only for patient undergoing surgery. Once
involved node is identified on histopathological examina-
tion for patients undergoing surgery, pN is designated based
on measurement of the largest dimension of the metastatic
deposit and not of the entire lymph node. Pathological
examination is necessary to record the location or level, the
number of metastatic lymph nodes, and the presence and
extent of ENE. An excisional biopsy of lymph node does
not qualify for full evaluation of the pN category and should
be assigned cN.

The second change is the use of extranodal extension
(ENE). ENE has been known to be an important prognostic
factor of nodal metastases in HNSCC, except for HPV-related
tumors [33]. The eighth edition introduces ENE in the N cat-
egory for both clinical and pathologic staging of HNSCC not
related to HPV or EBV. Early ENE can only be identified on
pathologic examination and cannot be reliably detected on
clinical examination or with currently available imaging
modality [34]. Therefore, The AJCC/UICC committee has set
a high limitation for incorporating ENE into clinical staging.
Clinical ENE requires overt clinical signs of gross (macro-
scopic) ENE supported by imaging findings (Fig. 6.8b).
Obvious clinical signs of gross ENE include invasion of skin,
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infiltration of musculature, dense tethering or fixation to adja-
cent structures, or cranial nerve, brachial plexus, sympathetic
trunk, or phrenic nerve invasion with dysfunction. The pres-
ence of clinical ENE migrates them all uniformly to the new
subcategory of cN3b (Table 6.3). Pathological ENE also will
be clearly defined as extension of metastatic tumor beyond
the confines of the lymph node, through the lymph node cap-
sule into the surrounding connective tissue, regardless of the
presence of stromal reaction. ENE detected on histopatho-
logic examination is subcategorized as ENE,; (microscopic
ENE <2 mm from the nodal capsule) or ENE,,, (major or
macroscopic ENE >2 mm beyond the nodal capsule, or a soft
tissue deposit that has completely destroyed nodal architec-
ture). Both ENE,; and ENE,,, qualify as ENE-positive for the
definition of pN. The presence of ENE in a single ipsilateral
lymph node less than 3 cm in maximum dimension migrates
that category to pN2a (Table 6.4).

6.7.1 Unknown Primary Tumor

The head and neck region is unique because several different
staging classifications are based on anatomic site. The clas-
sification of unknown primary site has been improved by
understanding the tumorigenesis of head and neck cancer
and improvement of histologic methods to identify EBV-
related and HPV-related tumors. Patients with EBV-related
lymphadenopathy are staged according to nasopharyngeal
cancer. Patients with HPV-related lymphadenopathy are
staged according to HPV-related oropharyngeal cancer. All
other patients with EBV-unrelated and HPV-unrelated
lymphadenopathy are staged according to the N category of
unknown primary tumor.

6.8 Treatment Assessment

6.8.1 Prediction of Treatment Response
to (Chemo)Radiotherapy

Several findings that predict treatment effects and prognosis
are obtained from functional imaging techniques performed
before treatment or early in treatment. Regional control is
more likely to occur in nodes with higher vascularity, as
shown by higher K trans in dynamic MRI [35]. Tumor con-
trol is also seen in lymph nodes with lower pretreatment
ADC and higher rise of ADC early in treatment (Fig. 6.9)
[36, 37]. Using FDG-PET, primary tumors with lower SUV
are more likely to show an overall response in the neck [38].
In addition, high FDG uptake before treatment in lymph
node metastasis of HNSCC may be a risk factor for distant
metastasis [39].

6.8.2 Assessment for Post (Chemo)
Radiotherapy

Most HNSCC lymph node metastases respond completely to
radiation or chemoradiotherapy (CRT). Previously, planned
neck dissection was done after radiation or CRT. Fortunately,
with the development of an effective chemotherapy regimen,
neck dissection has only been performed in patients who
have clinical evidence of residual disease after radiation or
CRT. The selection of patients with posttreatment residual
disease requiring early salvage surgery has become an
important part of imaging.

The changes after radiation or CRT occur within 2 weeks
of therapy and are initially an acute inflammatory response,
which ultimately result in scar at 6 weeks to 1 year after
treatment.

CT and MRI both have a high negative predictive value
(94-97%) for residual nodal disease if the nodal metasta-
ses have essentially disappeared. However, lymph node
metastases are often poorly regressive, leaving varying
amounts of scar tissue. In CT-based studies, it has been
reported that residual nodes of 15 mm or less without
focal inhomogeneity or nodes with a reduction in size
greater than 90% were associated with tumor control.
However, even if the remaining lymph nodes exceed
15 mm, there may be no residual cancer. Therefore, focus-
ing on the scar that occurred after treatment improves the
accuracy of diagnosis. Scar tissue shows faint or absent
enhancement and lower attenuation than surrounding
muscles on contrast-enhanced CT. MRI is more useful
than CT; scar tissue shows low signal intensity on T2WI,
low signal intensity on DWI obtained with b of 0 s/mm?
and b of 1000 s/mm? and low ADC value [40]. This low
signal intensity is characteristic of benign scar tissue,
indicating hyalinization, and should be differentiated
from intermediate T2 signal intensity encountered in per-
sistent lymph nodes at 6-8 weeks after treatment
(Fig. 6.10).

FDG-PET/CT is increasing to assess lymph nodes after
treatment and is performed at 10-12 weeks after treatment to
prevent false positives or false negatives. FDG-PET/CT
shows a high negative predictive value (96%) and is more
accurate than CT and MRI, although the positive predictive
value is low (49%) [41].

6.8.3 Posttreatment Surveillance

Because most recurrences occur within the first 2 years of
treatment, close clinical and imaging surveillance is impor-
tant for the detection of relapses (Fig. 6.11). Post-
therapeutic baseline images are performed within
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Fig. 6.9 Comparing the metastatic right level II lymph node before increased 0.7 x 10~ mm?s pretreatment to 1.1 X 1073 mm?/s at 2 weeks
treatment (fop row) and at 2 weeks with concomitant chemoradiother-  intra-treatment. This indicates increased diffusion, which favors a treat-
apy (bottom row), the size of the node decreased and the ADC value = ment response
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Fig. 6.10 Metastatic lymph node showing intermediate intensity
before treatment has low intensity on T2WI and no FDG accumulation
in CR case (fop row). However, in non-CR case (bottom row), a meta-

4-8 weeks after treatment, and the patients generally
undergo imaging every 3—6 months for 2-3 years, being
more frequent in the earlier posttreatment period.

The effects of surgery, radiation, and chemotherapy
can drastically alter the normal anatomy [42, 43]. Altered
tissue after treatment and recurrent nodes may show
mimic findings. Lymph node metastasis may occur in
unexpected areas, as lymphatics also changes after treat-
ment. Some relapses may occur from occult metastasis.
Therefore, it is important to compare the baseline image
and the follow-up image to obtain valuable information in
the interpretation.

Although the imaging modality used to monitor HNSCC
patients is variable, CT or MRI is generally performed. CT

127

static node still shows intermediate intensity on T2WI and FDG accu-
mulation after treatment

has a high sensitivity and moderate specificity for differenti-
ating recurrence from posttreatment changes. If it is difficult
to distinguish recurrence from posttreatment changes on CT,
DWI may be useful as recurrent nodal diseases show
restricted diffusion with low ADCs. US-FNAC also plays a
role in posttreatment surveillance and early detection of
potential lymph node metastases, increasing the possibility
of performing salvage surgery with US follow-up. Now,
there are also institutions that perform FDG-PET routinely
as a posttreatment baseline or for patients with suspected
recurrent disease on conventional imaging. Inflammatory or
infectious conditions can lead to false-positive PET finding;
no FDG-PET/CT should be performed without knowledge
of clinical findings.
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Fig. 6.11 Axial follow-up CECT 6 months after surgery of tongue
cancer (a) shows a metastatic lymph node (arrow) with focal inhomo-
geneity in right level IB. Before treatment (b), this node (arrow) is in
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Abstract

The sinonasal tract is the site of origin for an enormous
variety of neoplasms. Sinonasal neoplasms are broadly
classified as either epithelial or mesenchymal. Among
sinonasal malignancies, squamous cell carcinoma (SCC)
accounts for approximately 80%.

Approximately 25-60% of these carcinomas involve
the maxillary antrum; however, the maxillary sinus is sec-
ondarily involved by direct extension in 80% of patients.

These cancers of the paranasal sinuses are clinically
silent without apparent symptoms when small and, in
nearly all cases, have already become large with inva-
sion of surrounding organs at the time of the initial
examination.

Diagnostic imaging is necessary for evaluating tumor
location and extension. CT and MRI play complementary
roles especially in the assessment and staging of these
sinonasal malignancies. CT is superior to MR imaging for
identifying bone involvement of thin walls and septa of
the paranasal sinuses using multiplanar reconstruction.
MR imaging offers soft tissue resolution, contrast, and
multiplanar capabilities. In addition, MRI is helpful for
tumor mapping and for distinguishing between tumor
extension and obstruction. From these imaging findings,
appropriate treatment planning including curability and
functionality can be considered.

As other nonepithelial tumors, malignant lymphoma,
mucosal malignant melanoma, and inverted papilloma
also occur in the sinonasal cavities, and these tumors are
differentiated from these carcinomas by diagnostic
imaging.
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7.1 Introduction

The sinonasal tract is the site of origin for an enormous vari-
ety of neoplasms. Sinonasal neoplasms are broadly classified
as either epithelial or mesenchymal. Among sinonasal malig-
nancies, squamous cell carcinoma (SCC) accounts for 80%
of sinonasal malignancies [1-4].

Approximately 25-60% of these carcinomas involve the
maxillary antrum; however, the maxillary sinus is second-
arily involved by direct extension in 80% of patients and fol-
lowed by the nasal cavity (25-35%) and ethmoid sinus
(1-15%) [3, 5]. The carcinogenic process for SCC occurs
together with metaplasia of pseudostratified epithelium in
the stratified squamous epithelium within the sinus. Chronic
inflammation is heavily involved. SCCs are classified as
keratinizing type and non-keratinizing type. Other rare carci-
nomas of the sinonasal cavities include spindle cell (sarco-
matoid) SCC, lymphoepithelial carcinoma, sinonasal
undifferentiated carcinoma, NUT (nuclear protein in testis)
carcinoma, intestinal-type adenocarcinoma, and non-
intestinal-type adenocarcinoma. Other cancers include carci-
nomas originating in the minor salivary glands (adenoid
cystic carcinoma, undifferentiated carcinoma, mucoepider-
moid carcinoma).
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SCC of the nasal cavity and paranasal sinuses has a sex
difference, with more cases seen in middle-aged and older
men. It appears to have a higher prevalence in people whose
work involves nickel exposure, wood furniture, chrome,
isopropyl alcohol, radium, mustard gas, and other sub-
stances [6].

These cancers of the paranasal sinuses are clinically
silent without apparent symptoms when they are small
and, in nearly all cases, have already become large with
invasion to surrounding organs at the time of the initial
examination.

Diagnostic imaging is necessary for evaluating tumor
location and extension, and from these imaging findings, the
treatment planning regarding curability and functionality can
be considered.

The staging system of sinonasal cancer is most commonly
based on the American Joint Committee on Cancer (AJCC).
The tumor node metastasis (TNM) classification was created
in a joint effort between the AJCC and UICC (Union for
International Cancer Control) committees. The staging
guidelines are applicable to all forms of carcinoma, includ-
ing those arising from the minor salivary glands.

As other sinonasal tumors, malignant lymphoma, muco-
sal malignant melanoma, and inverted papilloma occur, and
these tumors have characteristic imaging features and should
be differentiated from carcinomas. Those are also addition-
ally mentioned in this chapter.

7.2 Sinonasal SCC

7.2.1 General Knowledge

The carcinogenic process for SCC occurs together with
metaplasia of pseudostratified epithelium in the stratified
squamous epithelium within the paranasal sinus. Chronic
inflammation is deeply implicated. Previously, maxillary
sinus carcinoma accounted for a high proportion of head and
neck cancers, namely about 30% of all of these cancers.
Recently, however, the predisposing risk factor of chronic
inflammation has been decreasing with the spread of endo-
scopic endonasal surgery. Sinonasal tract malignancies have
been found to comprise only 3.6% of upper aerodigestive
tract ones [7].

SCCs are classified as keratinizing type and non-
keratinizing type. Other rare carcinomas of the sinonasal
cavities include spindle cell (sarcomatoid) SCC, lymphoepi-
thelial carcinoma, sinonasal undifferentiated carcinoma,
NUT (nuclear protein in testis) carcinoma, intestinal-type
adenocarcinoma, and non-intestinal-type adenocarcinoma
[8]. Other cancers include carcinomas originating in the
minor salivary glands (adenoid cystic carcinoma, undifferen-
tiated carcinoma, mucoepidermoid carcinoma).

These cancers of the paranasal sinuses are clinically silent
without apparent symptoms when small and, in nearly all
cases, have already become large with invasion of surround-
ing organs at the time of the initial examination. Diagnostic
imaging such as CT and MRI is necessary for evaluating
tumor location and extension and for differentiation from
benign tumors or inflammation. From these imaging find-
ings, tumor staging is classified, and the treatment planning
including curability and functionality can be considered,
although the imaging findings of sinonasal cancer are some-
what nonspecific regardless of the histologic type.

AJCC/UICC TNM staging system is periodically updated,
with the most recent eighth edition published in 2017 [9, 10].
The staging guidelines are applicable to all forms of carci-
noma, including those arising from the minor salivary glands.
Other nonepithelial tumors such as those of lymphoid tissue,
soft tissue, bone, and cartilage (i.e., lymphoma and sarcoma)
are not included [11]. Among other enormous variety of
tumors in the sinonasal cavities, malignant lymphoma,
mucosal malignant melanoma, and inverted papilloma are
not relatively rare as nonepithelial malignancies or epithelial
borderline tumor. Those tumors should be differentiated
from carcinomas with CT and MRI.

7.2.2 Maxillary Sinus

When maxillary sinus cancers are small, they generally do
not present apparent symptoms; thus, in nearly all cases, the
tumor has already become large at the time of the initial
examination (Figs. 7.1, 7.2 and 7.3). Of 650 patients with
maxillary sinus cancer extracted from the Surveillance,
Epidemiology, and End Results database for the time period
1988 to 1998, 77.5% of patients presented with advanced
(T3/T4) disease [12]. The specific site of origin of maxillary
sinus carcinomas is thought to have prognostic significance.
Maxillary sinus cancers spread to all directions with bony
destruction. Posteriorly, the carcinoma tends to spread to the
masticator space, or else into the cranium in the superior
direction, resulting in advanced stage.

Ohngren divided the maxillary antrum into posterosupe-
rior and anteroinferior segments, drawing a line on a lateral
view of the face from the medial canthus of the eye to the
angle of the mandible (Ohngren’s line). It separates the pos-
terosuperior and anteroinferior parts. The superior part
includes the posterior half of the posterior and superior bone
walls. Other bony parts are included in the inferior portion.
SCC of the anteroinferior part is thought to have a relatively
better prognosis. The staging system of maxillary sinus neo-
plasm historically involved the use of Ohngren’s line [6].

Lymphatic drainage from the nasal cavity and paranasal
sinus occurs in two directions, anterior and posterior. The
anterior mucosal and antral skin drainage is by way of
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Fig. 7.1 Squamous cell carcinoma of the maxillary sinus. (a) Bone
algorithm CT. (b) Enhanced CT. (c¢) Axial T1-weighted image. (d)
Axial T2-weighted image. (e) Axial Gd-enhanced T1-weighted image.
(f) Axial Gd-enhanced T1-weighted image (cranial to b). (g) Coronal
Gd-enhanced T1-weighted image. Contrast-enhanced (a) and bone
algorithm (b) CT scans show an enhancing mass (T) in the left maxil-
lary sinus massively destroying anterior bony wall (arrows). The medial
wall is also destroyed. Axial T1-weighted (c), T2-weighted (d), and
contrast-enhanced T1-weighted (e) images demonstrate a mass (T) in
the left maxillary sinus. T2-weighted image allows separation of the
neoplasm from trapped mucous collection (MC). Gd-enhanced

T1-weighted image shows inhomogeneous enhancement of the tumor,
indicating viable and necrotic () components. Also, contrast-enhanced
T1-weighted (e) image reveals invasion to the premaxillary fat (thick
arrows). Posteriorly, tumor invades pterygopalatine fossa and pterygoid
palate (f, arrowheads) with T2 hyperintensity of the pterygoid muscle

bundles indicating secondary denervation (d). Gd-enhanced
T1-weighted coronal image shows perineural spread of maxillary nerve
(V2) and cavernous sinus (g, open arrows). The patient has squamous
cell carcinoma. 7 tumor, MC mucous collection. *: necrotic
component
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Fig. 7.1 (continued)

lymphatic channels traveling to the facial, parotid, or sub-
mandibular nodes (level I) and then to the superior internal
jugular chain, primarily level II. The posterior lymphatics
course posteriorly to a plexus anterior to the torus tubarius,
posterior to the retropharyngeal nodes, and inferior to the
superior internal jugular chain (level II).

The retropharyngeal nodes are frequently obliterated
by repeated childhood infections, and so sinonasal malig-
nancies often metastasize to the secondary nodes in levels
T and II [6].

On AJCC/UICC TNM staging, T definitions of maxillary
sinus tumor are as follows: TO, NO evidence of primary

tumor; Tis, carcinoma in situ; T1, tumor limited to the
mucosa with no erosion or destruction of bone; T2, tumor
causing bone erosion or destruction, including extension into
the hard palate and/or middle nasal meatus, except extension
to the posterior wall of the maxillary sinus and pterygoid
plates; T3, tumor invades any of the following: bone of pos-
terior wall of maxillary sinus, subcutaneous tissues, floor, or
medial wall of orbit, pterygoid fossa or ethmoid sinuses;
T4a, tumor invades any of the following: anterior orbital
contents, skin of cheek, pterygoid plates, infratemporal
fossa, cribriform plate, sphenoid, or frontal sinuses; and T4b,
tumor invades any of the following: orbital apex, dura, brain,
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Fig.7.2 Squamous cell carcinoma of the maxillary sinus. (a) Enhanced
CT. (b) Bone algorithm CT. (¢) Axial Gd-enhanced T1-weighted image.
(d) Coronal Gd-enhanced T1-weighted image. (e) Coronal T2-weighted
image. (f) Coronal T2-weighted image (anterior to e). Axial CT scans
(a and b) show a mass (T) in the left maxillary sinus massively invading
the masticator space with destruction of posterior and lateral walls
(arrows). The pterygoid palate is also destroyed (dotted circle). Axial

(¢) and coronal (d) Gd-enhanced T1-weighted and T2-weighted (e)
images show a large mass occupying the lateral and medial pterygoid
muscles which originate from the left maxillary sinus. The mass invades
the pterygoid plate and sphenoid bone. Anteriorly, the mass extends to
the upper wall and invades the orbit on T2-weighted image (f, arrow-
head). The patient has squamous cell carcinoma. 7" tumor
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Fig. 7.3 Squamous cell carcinoma of the maxillary sinus. (a) Axial
T2-weighted image. (b) Axial Gd-enhanced T1-weighted image. (c)
Coronal Gd-enhanced T1-weighted image. Axial T2-weighted (a) and
postcontrast T1-weighted (b) images demonstrate a solid mass (T) that
nearly fills the right maxillary sinus, with slight invasion to anterior

subcutaneous fat (arrowheads). The axial contrast-enhanced
middle cranial fossa, cranial nerve other than maxillary divi-
sion of trigeminal nerve (V2), nasopharynx, or clivus
(Fig. 7.4).

Meanwhile, in reported investigations of lymph node
metastasis, at the time of diagnosis, metastasis to retropha-
ryngeal lymph nodes (MRI evaluation: positive >5 mm) was
seen in about 18.6% of sinonasal SCCs, namely, a higher
frequency than previously recognized [13].

Cervical lymph node metastasis is seen in 23% of patients

with infiltration of the posterior wall. There are reports of

T1-weighted image reveals inhomogeneous enhancement of the tumor
and posterior invasion of the pterygopalatine fossa extension to poste-
rior alveolar nerve (arrows). Coronal postcontrast T1-weighted image
(¢) demonstrates tumor invasion of the orbital floor and medial wall
(arrowheads) without invasion of the inferior rectus muscle (I). The
patient has squamous cell carcinoma. 7 tumor, [ inferior rectus muscle

posterior wall infiltration in all cases of cervical lymph node
metastasis, and so in cases with posterior wall infiltration,
attention needs to be directed to the cervical lymph nodes,
particularly the retropharyngeal lymph nodes.

N definition of regional lymph nodes is as follows: NO,
No regional lymph node metastasis; N1, Metastasis in a sin-
gle ipsilateral lymph node, 3 cm or less in greatest dimension
without extranodal extension; N2a, Metastasis in a single
ipsilateral lymph node, more than 3 cm but not more than
6 cm in greatest dimension without extranodal extension;
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Fig. 7.4 Tumor extension and T classification. (Modified and Permission from Kuno H, Sekiya K, Kobayashi T, et al. Sinonasal malignant tumor:

squamous cell carcinomas. Jpn J Diagn Imaging 2015;35:75-85)

N2b, Metastasis in multiple ipsilateral lymph nodes, none
more than 6 cm in greatest dimension, without extranodal
extension; N2c, Metastasis in bilateral or contralateral lymph
nodes, none more than 6 cm in greatest dimension, without
extranodal extension; N3a, Metastasis in a lymph node more
than 6 cm in greatest dimension without extranodal exten-
sion N3b, Metastasis in a single or multiple lymph nodes
with clinical extranodal extension [11]. The AJCC 8th edi-
tion introduces the use of extranodal extension (ENE) in cat-
egorizing the N category for metastatic cancer to neck nodes.

7.2.3 Nasal Cavity

Nasal cancer is the second most common malignancy in the
sinonasal cavity after maxillary sinus cancer. It is most fre-
quently seen in patients aged 60-79 years, and the male/
female ratio is 3:1. SCC occurs most often (37%) (Fig. 7.5),
followed by malignant melanoma, olfactory neuroblastoma,
and adenoid cystic carcinoma. Nasal cavity cancer often
starts to form on the outer wall of the nasal cavity, and about
50% of the cases start from the turbinate. Prognosis is more
strongly related to the T stage than the site of formation.

In the TNM classification [11], nasal cavity cancers have
been grouped with ethmoid sinus cancers, and T factors are
classified as follows: T1, tumors restricted to one subtype of
nasal cavity, or ethmoid sinus, with or without bony destruc-
tion; T2, tumors involve two subsites in a single site or
extend to involve an adjacent site within the nasoethmoidal
complex, with or without bony invasion; T3, tumors extend
to invade the medial wall or floor of the orbit, maxillary

sinus, palate, or cribriform plate; T4a, tumor invades any of
the following: anterior orbital contents, skin of nose or
cheek, minimal extension to anterior cranial fossa, pterygoid
palate, sphenoid or frontal sinuses; and T4b, tumor invades
any of the following: orbital apex, dura, brain, middle cranial
fossa, cranial nerves other than V2, nasopharynx or clivus.
Prognosis is strongly correlated to the T stage rather than the
occurrence site.

Imaging features. On diagnostic imaging, it is essential
to evaluate cancer invasion to the anterior skull base when it
has advanced into the superior nasal meatus or ethmoid
sinus. This is shown by osteolytic damage of the cribriform
plate of the ethmoid bone and thickening of the dura mater of
the anterior skull base. SCC is often accompanied by osteo-
lytic damage.

7.2.4 Ethmoid Sinus and Frontal Sinus

Cancer of the ethmoid sinus is rare and accounts for about
10-15% of all paranasal sinus cancers. Most are SCCs
(55.8-27.8%) (Fig. 7.6), but adenocarcinomas, undifferenti-
ated carcinomas, and adenoid cystic carcinomas also occur
[14]. Primary ethmoid carcinoma is often difficult to distin-
guish from secondary extension from other sites. Sarcomas,
malignant lymphoma, and various other malignancies also
occur. Among them, sinonasal intestinal-type adenocarci-
noma (ITAC) was recognized in workers in the hardwood
and shoe industries [15]. Workers exposed to wood dust have
an extremely high risk of developing adenocarcinoma. The
many mucous glands in the middle concha are related to the
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Fig. 7.5 Squamous cell carcinoma of the nasal cavity. (a) Enhanced
CT. (b) Axial Gd-enhanced TI-weighted image. (¢) Coronal
T2-weighted image. CT (a), axial contrast-enhanced T1-weighed (b),
and coronal T2-weighted (c¢) images demonstrate an ill-defined mass
lesion (T) in the nasal cavity, extending to the nasopharynx (arrows).

development of adenocarcinoma, and stimulation of the
mucosa from continuous, long-term inhalation of sawdust,
leather dust, and particulates is thought to be a possible
trigger.

Pathological assessment of ethmoid cancer by diagnostic
imaging is difficult, as was mentioned also in the section on
maxillary sinus cancer. The arteries that feed ethmoid sinus

Trapped secretion is noted in the sphenoid sinus. Invasion of the ptery-
gopalatine fossa and pterygoid palate and perineural spread along the
V2 branch (posterior alveolar nerve) are evident (¢, arrowheads). T
tumor

cancers are the sphenopalatine artery, anterior deep temporal
arteries, and infraorbital artery. All are branches of the max-
illary artery, making arterial infusion of anticancer agents
possible. However, ethmoid sinus cancers easily infiltrate the
base of the cranium, and advanced cancers are fed from the
posterior and anterior ethmoid arteries, which branch from
the internal carotid artery.
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Fig. 7.6 Squamous cell carcinoma of the ethmoid sinus. (a) CT bone
algorithm. (b) Coronal Gd-enhanced T1-weighted image. (¢) Coronal

fat-suppressed T2-weighted image. (d) Coronal Gd-enhanced
T1-weighted image. (e) Axial Gd-enhanced T1-weighted image. A
tumorous lesion (T) is found extending from the right ethmoid sinus to
the orbit and destroying the lamina papyracea (arrows). The medial
walls of both the infraorbital and maxillary sinuses show osteolytic

changes (a, arrowheads). With contrast, the tumorous component in the
ethmoid sinus of the tumor shows weak enhancement, thought to reflect
a necrotic component (b, e, *). On the other hand, the tumor component
extending into the orbit is a solid component, and the optic nerve is
displaced laterally (b, ¢, e). The tumor extends to the orbital apex and
inferior orbital fissure (arrowheads), but no infiltration into the skull
base is evident (d). 7" tumor, ON optic nerve. *: necrotic component
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Frontal sinus carcinoma is also rare. In cases with frontal
sinus carcinoma, the presenting symptoms are similar to
those of acute frontal sinusitis such as frontal pain and swell-
ing; however, the frontal bone erosion is rapidly
progressive.

7.2.5 Symptoms

In nearly all cases, the tumor has already become large at the
time of the initial examination. Symptoms such as buccal
pain, buccal protrusion, or exophthalmos occur when these
carcinomas spread to the anterior, and the main effects are
nasal obstruction, nasal bleeding, rhinorrhea, and extension
of the anterior or superior nasal wall. Patients with antral and
ethmoidal cancers have an average delay of 6 months
between the onset of symptoms and the establishment of a
final diagnosis. Pain secondary to malignancy usually signi-
fies an advanced tumor stage and possible perineural tumor
invasion, especially in adenoid cystic carcinoma [16].

7.2.6 Extension

Maxillary sinus cancers spread medially, superiorly, inferi-
orly, anteriorly, laterally, and posteriorly. Especially in squa-
mous cell carcinoma, aggressive bony destruction can occur
[6]. Posteriorly, the carcinoma tends to spread to the mastica-
tor space, or else into the cranium in the superior direction.
This includes cases of direct infiltration and cases in which
perineural spread occurs, especially along the second branch
of trigeminal nerve (maxillary nerve). The infratemporal
fossa is adjacent to the posterior wall of the maxillary sinus,
and the pterygopalatine fossa is adjacent to the medial side.

Anteriorly, the tumor extends to the buccal space with
destruction of the anterior bony wall, inferiorly to the alveo-
lar region, medially to the nasal cavity, and superiorly to the
orbit and ethmoid sinuses.

With regard to ethmoid sinus malignancies, tumors spread
readily into the cranium due to the structure of the ethmoid
ceiling. Because of this, the prognosis is poorer than with
maxillary sinus cancer. Inferiorly, the tumor spreads toward
the nasal cavity, while anteriorly it spreads to the frontal
sinus. Laterally, it spreads to the orbit.

From the nasal septum tumor spreads to the contralateral
ethmoid sinus, breaks down the cribriform plate and fovea
ethmoidalis, and spreads intracranially.

7.2.7 DiagnosticImaging

Both CT and MRI play complementary roles in the diagnosis
of paranasal sinus tumors.

CT is more sensitive and accurate in assessing the osseous
margins of the sinonasal cavity, osseous floor of the anterior
cranial fossa, and walls of the orbit. CT may also detect early
erosive or sclerotic changes of the cortical skull base.
Reconstructed coronal and sagittal images are useful for
these purposes. MR imaging offers soft tissue resolution,
contrast, and multiplanar capabilities. Thin-section
T1-weighted images, T2-weighted images, and contrast-
enhanced T1-weighted images are valuable for assessment
of deep extension of the mass into the orbit, skull base, and
adjacent intracranial compartment and for perineural spread.

3D volume (1 mm thickness) acquisition and fat suppres-
sion techniques are also of value.

Imaging findings of maxillary sinus cancer are somewhat
nonspecific regardless of the histologic type. The roles of
diagnostic imaging are accurate staging and the proper
assessment of locoregional invasion and extension to sur-
rounding structures.

On CT, carcinoma is depicted as a soft tissue mass with
irregular destruction of the maxillary bone. The pattern of
bony changes on CT can be useful to establish the differential
diagnosis for radiologists, although the bony pattern is not
sufficiently specific to predict histology. Especially in SCC,
aggressive bony destruction can occur (Figs. 7.1a, b and 7.2a,
b). In other sarcomas, as well as lymphomas, bony destruc-
tion may occur but is less common [6]; sarcoma, malignant
lymphoma, olfactory neuroblastoma, minor salivary gland
tumor, plasmacytoma, inverted papilloma, and schwannoma
are associated with bone remodeling. Breast cancer metasta-
sis is an osteoblastic tumor. Calcification is rare in paranasal
sinus tumors (especially SCC), but is sometimes seen with
olfactory neuroblastoma and inverted papilloma. Tumoral
calcifications and/or tumoral bone have been reported with
diffuse bone lesions or calcification, sarcomas (osteosarcoma,
chondrosarcoma, undifferentiated sarcoma) [6]. Usually,
sclerotic bony change is not seen with neoplastic processes.

On MRI, the tumor shows moderate signal intensity on
T2-weighted and T1-weighted images and enhancement
effect with contrast material. The tumor shows a uniform sig-
nal intensity, but when it becomes larger, there is
accompanying necrosis or hemorrhagic content (Figs. 7.1c—
f, 7.2c—f, 7.3 and 7.7). Carcinomas also enhance with con-
trast. Gd contrast T1-weighted imaging is useful in addition
to T2-weighted imaging. It is also useful for dividing the
tumorous and non-tumorous changes. The latter of these are
secondary mucinous collections caused by occlusion of the
drainage pathway (Fig. 7.1d—e) [17, 18]. The forms of spread
outside the paranasal sinus are direct spread and perineural
spread. Adjacent spread causes bone destruction, and so the
low signal intensity indicating bone disappears.
Disappearance of subcutaneous fat toward the retroantral fat
pad of the infratemporal fossa and the preantral fat pad of
subcutaneous fat in the buccal region is seen. Fat suppression
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Fig.7.7 Adenoid cystic carcinoma of the maxillary sinus. (a) CT bone.
(b) Axial Gd-enhanced T1-weighted image. (¢) Axial Gd-enhanced
T1-weighted image (cranial to b). (d) Axial T2-weighted image. (e)
Coronal Gd-enhanced T1-weighted image. (f) Coronal T2-weighted
image. Bone algorithm CT (a), axial contrast-enhanced T1-weighted
(b, ¢), and T2-weighted images (d) demonstrate an ill-demarcated,
bulky mass lesion (T) occupying the right maxillary sinus with exten-
sion through anterior (arrowheads), medial, and posterior bony walls
(arrows). Note the trapped mucous collection in the sphenoid sinus. In
d, areas of T2-hypointensity without contrast enhancement reflect the

hemorrhagic contents. In b and ¢, enhancement of the tumor and several
areas of perineural spread are seen. There is spread along the infraor-
bital nerve (a), posterior superior alveolar nerves, main trunk of the
maxillary nerve within the pterygopalatine fossa (b—c, arrows), and
foramen rotundum to cavernous sinus (d, arrows). Dural invasion is
recognized (d, open arrow). Coronal image shows perineural spread
involving V2 (second branch of the trigeminal nerve) and cavernous
sinus (e, arrow). Invasion of the pterygoid plate is also noted, showing
diffuse hypointensity on T2-weighted image (f, arrows). T tumor, MC
trapped mucous collection
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is useful for this and to see any spread into the orbital region,
and it is used together with T2-weighted imaging and
contrast-enhanced TI1-weighted imaging. With maxillary
sinus carcinoma, it is important for the prognosis to deter-
mine whether there is any spread, especially in the cranial
(orbit and ethmoid air cells, ethmoid cribriform plate) or dor-
sal (pterygoid plates and pterygopalatine fossa) directions.

Therefore, the carcinoma spreads to these structures when
there is infiltration of the posterior wall (Fig. 7.2). When the
posterior wall breaks down and the carcinoma spreads poste-
riorly and cranially, MRI is essential because of its superior
resolution of the soft tissue. The pterygopalatine nerve, a
branch of V2, runs in the pterygopalatine fossa, as well as in
the infratemporal fossa, and this nerve should be checked for
perineural spread (Fig. 7.1f). If the spread is superior to that,
attention should be paid to any spread to V2 itself, as well as
the maxillary nerve and cavernous sinus (Figs. 7.1g and 7.7c—
e]. The pterygoid process of the sphenoid bone is dorsal to the
pterygopalatine fossa, and infiltration of it is assessed by
changes in bone marrow signal intensity (Fig. 7.7f). The pter-
ygoid process has masticatory muscle attachments, and infil-
tration to it causes signal intensity changes in the medial and
lateral pterygoid muscles (Fig. 7.1d). The mandibular nerve
runs between these muscles and needs to be examined to
determine whether there is perineural spread.

Imaging findings of perineural spread include nerve
thickening, widening of the neural foramen, loss of the fat
surrounding the nerve, and abnormal perineural contrast
enhancement. Tumors of the nasal and paranasal sinus region
often occur at the maxillary nerve V2 of the trigeminal nerve,
but they are also seen at mandibular nerve V3 and ophthal-
mic nerve V1, which are pathways for tumor infiltration into
the cranium. From V3, there are also cases of spread to the
auriculotemporal nerve via a transportation route.

Since there are few lymph channels in the paranasal
sinuses, lymph node or distant metastasis is uncommon.
Thus, the factor that most determines the prognosis is the T
factor, and local control is important for the prognosis. With
T1 and T2, lymph node metastasis is almost never seen, while
with T3, metastasis is seen in about 14% of cases and with
T4 in about 25% of cases [19]. Nodal metastases occur in
progressive cases and are associated with tumor extension to
the skin, buccal sulcus, or pterygoid musculature, often as
demonstrated on CT or MRI. Attention should be paid to
whether there is enlargement of the retropharyngeal, subman-
dibular, or jugular nodes on these images. The presence of
cervical node metastasis is predictive of distant metastases.

7.2.8 Perineural Spread

Proximal perineural spread is seen in many cases, with tumor or
mass infiltration along the outer membranes of neurons, but it is

also seen distally. Symptoms sometimes appear several months
after perineural spread is detected on imaging. Perineural spread
tends to occur with adenoid cystic carcinoma, but it may also
occur with squamous cell carcinoma. Perineural spread also
occurs with malignant lymphoma, malignant melanoma, IgG4-
related disease, and invasive fungal sinusitis.

7.2.9 Treatment

Recommended treatments for locally advanced maxillary
cancer in the Practice Guidelines in Oncology dv.1.2016 of
the National Comprehensive Cancer Network (NCCN) are
surgical resection followed by postoperative radiotherapy
(RT; T3 and T4a) or chemoradiation therapy (T4b) [20].
However, this is accompanied by changes in facial deformity
and dysfunction, such as dysarthria or dysphagia. To over-
come such problems, highly selective arterial infusion ther-
apy is also indicated. Radiotherapy and concomitant
intra-arterial cisplatin (RADPLAT), combining highly selec-
tive arterial infusion of large doses of cisplatin simultane-
ously with radiotherapy, is becoming increasingly resorted to
[21, 22] for T3, T4a, and T4b patients and reported to achieve
a favorable survival rate. With RADPLAT, the 5-year local
progression-free survival rate was 78.4% for all patients (T3,
T4a, T4b), 69.0% for patients with T4b disease, and 83.2%
for patients with <T4b disease. The 5-year overall survival
rate was 69.3% for all patients, 61.1% for patients with T4b
disease, and 71.1% for patients with <T4b disease [23].
Another report described 5-year progression-free survival
and overall survival rates of patients with T3, T4a, or T4b
disease as being 72.2%, 46.6%, and 33.3% and 83.3%,
51.6%, and 33.3%, respectively [20].

Regarding ethmoid cancers, transcranial en bloc resection
has become possible in recent years, making local control
achievable in an increasing number of patients. Surgeries
indicated for ethmoid sinus cancer are surgery in the anterior
base of the cranium in cases in which the carcinoma touches
the ethmoid ceiling and transfacial resection of the tumor
when it is not. Surgery is indicated for the anterior base of
the cranium when there is no infiltration of the cerebral
parenchyma superiorly, there is infiltration to the orbital
periosteum on the unaffected side laterally, and there is no
infiltration to the cavernous sinus posteriorly. The dura mater
is a powerful barrier to tumor infiltration, and so radical
resection is possible if the dura mater is resected in one piece
together with the tumor. If radical resection is possible, post-
operative radiation is performed after the resection. If radical
resection is not possible, combined modality therapy with
chemotherapy, including selective arterial infusion chemo-
therapy, and radiotherapy is performed. For glandular carci-
nomas other than SCCs, combined modality therapy is said
to be a useful therapeutic strategy.
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7.3  Other Tumors: Non-SCCs
and Nonepithelial Tumors
7.3.1 Adenoid Cystic Carcinoma

This is one type of cancer originating in the small salivary
glands and is the most common of the small salivary gland
carcinomas that occur in the nasal cavity and paranasal
sinuses. Other cancers originating in the small salivary
glands are mucoepidermoid carcinoma, unclassified carci-
noma, acinar cell carcinoma, and malignant pleomorphic
adenoma. In the sinonasal region, the age of onset is most
commonly from the 30s through the 60s, but these carcino-
mas can occur at any age. In order of frequency, they
develop in the maxillary sinus (47%), nasal cavity (32%),
and ethmoid sinus (7%). Of the primary sinonasal lesions,
47% arise in the maxillary sinuses, 32% involve the nasal
fossae, 7% reside in the ethmoidal sinuses, 3% occur in the
sphenoidal sinuses, and 2% are found in the frontal sinuses
[6].

Pathologically, adenoid cystic carcinomas have variable
patterns (cribriform or tubular). They have a relatively high
incidence of perineural spread including skip lesions along
nerves, with secondary extension into the orbit and intracra-
nial compartment.

Symptoms persist for 5 years on average, including
symptoms attributable to the tumor itself and those related
to perineural spread. Dull pain is characteristic of these
tumors. In some cases, the course is long, and there have
been recurrences after more than 20 years. Distant metasta-
sis is seen in about one half of cases, occurring in the lungs,
brain, lymph nodes, and bone. In this regard as well, they
tend to differ from SCC. CT examinations of the chest and
abdomen should be included in the routine evaluation of
these patients [24].

Regarding treatment, most studies describe a combina-
tion of primary surgery followed by adjuvant radiotherapy
as the recommended reference treatment [25]. Local recur-
rence is seen in more than one half of patients at 1-year
follow-up and 75% of patients at 5 years [5]. The 5-, 10-,
15-, and 20-year actuarial survival for patients with sinona-
sal adenoid cystic carcinoma was 73%, 60%, 32%, and
20%, respectively [26]. Similar survival figures were
reported by Wiseman et al. in patients with adenoid cystic
carcinoma of the paranasal sinuses, with 5-year, 10-year,
and 15-year overall survival rates of 65%, 55%, and 28%,
respectively [27].

7.3.1.1 Imaging Features

On imaging, adenoid cystic carcinoma presents a bloated
morphology (Fig. 7.7), and the formation of a cystic compo-
nent caused by T1 shortening is characteristic. The growth
pattern of maxillary sinus adenoid cystic carcinomas can be

classified into an expansile type with minimal bony defects
and a destructive type with extensive bony defects [28].

7.3.2 Sinonasal Undifferentiated Carcinoma

Sinonasal undifferentiated carcinoma (SNUC) is a highly
malignant, aggressive neoplasm. It is of neuroendocrine ori-
gin along the spectrum of esthesioneuroblastoma.

7.3.2.1 Imaging Features

There are no characteristic imaging findings of SNUC that
are usually indistinguishable from those of SCC: an aggres-
sive soft-tissue mass (Fig. 7.8) that erodes and invades adja-
cent bone rather than remodeling it [6]. There is frequent
involvement of adjacent structures, including orbit, skin, and
skull base. Up to 30% of persons will have nodal disease on
presentation [29].

7.3.3 Olfactory Neuroblastoma

Olfactory neuroblastoma is a malignant tumor of neuroendo-
crine origin arising from the olfactory neuroepithelium.
There is no sex predilection, and it has a bimodal incidence
of occurrence in the second and sixth decades of life.

The clinical staging system most frequently used is the
classification proposed by Kadish et al. [30], with Hyams
histological grading system. Kadish stage A tumors are lim-
ited to the nasal cavity, stage B tumors are limited to the
nasal cavity and paranasal sinuses, and stage C lesions
extend beyond the nasal cavity and paranasal sinuses. Morita
published a revised Kadish system including a stage D indi-
cating distant metastases [31].

7.3.3.1 Imaging Features

On imaging, a heterogeneous mass is seen to be centered
high in the nasal vault near the cribriform plate. The lesion is
hypointense on T1-weighted images, intermediate to hyper-
intense on T2-weighted images, and enhanced by contrast
material. It may cross the cribriform plate with intracranial
extension. It tends to assume a dumbbell-shaped form based
on the anatomical features from the site of occurrence
(Fig. 7.9). Peripheral cyst of the intracranial portion is a find-
ing highly suggestive of olfactory neuroblastoma [32].

7.3.4 Mucosal Malignant Melanoma

Primary sinonasal mucosal melanoma is considered to arise
from aberrant melanocytes that have migrated during embry-
ologic development from the neural crest to the sinonasal
cavity. Mucosal malignant melanoma of the head and neck is
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Fig. 7.8 Undifferentiated carcinoma of the maxillary sinus. (a) Bone
CT. (b) Axial T1-weighted image. (c¢) Axial Gd-enhanced T1-weighted
image. (d) Coronal T2-weighted image (Posterior to b). (e) Diffusion-
weighted image. CT (a), Tl-weighted (b), and contrast enhanced
T1-weighted (c) images show a solid mass occupying the right maxil-
lary sinus, with destruction of the anterior wall bone (arrowheads).

Coronal T2-weighted image (d) shows an inhomogeneously hypoin-
tense, solid mass in the right maxillary sinus with invasion of the medial
wall (arrows). Coronal postcontrast T1-weighted image (¢) demon-
strates tumor invasion of the orbital floor and medial wall. Diffusion-
weighted image shows inhomogeneous hyperintensity of the tumor (e).
The patient has an undifferentiated carcinoma
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Fig.7.9 Olfactory neuroblastoma. Coronal Gd-enhanced T1-weighted
image. An enhanced tumorous lesion (arrows) is found to extend intra-
cranially from the nasal cavity sandwiching the cribriform plate of eth-
moid bone with dumbbell-shaped configuration (arrowheads)

said to account for 1-2% of all malignant melanomas in
Western countries, but many more, 17.9-23%, in Japan. This
is attributed to the lower frequency of occurrence in the skin
in Japan than in Western countries, resulting in a relatively
higher proportion of primary mucosal cancers developing in
the head and neck.

Of mucosal melanomas of the head and neck, a high pro-
portion approximately two thirds of these lesions arise in the
nasal cavity and paranasal sinuses [33]. Within the sinonasal
cavity, about 70% are said to be of nasal origin, followed by
those originating in the maxillary sinus (80% of paranasal
sinuses). Within the nasal cavity, the most common sites of
melanomas are the anterior nasal septum, lateral nasal wall,
and the inferior turbinates [34]. Rarely, they develop in the
ethmoid sinus or sphenoid sinus. The mean age of patients is
60. There is no relationship with viruses.

Mucosal melanoma of the sinonasal cavity accounts for
fewer than 5% of all sinonasal cavity tumors [35]. Symptoms
are a feeling of nasal obstruction, nasal bleeding, nasal pol-
yps, and brown nasal discharge. Nasal pain is rare.

Pathologically, tumors appear ash, brown, or black lumpy
or polypoid that bleed easily, with occasional ulcer formation.
At sizes of 2-3 cm or more, there is invasion to the paranasal
sinuses. Microscopically, melanoma cells are large to medium
size, with high nuclear to cytoplasmic ratios with basophilic
nuclei and intranuclear inclusions. Melanin pigment may also
be present within cells. Most sinonasal melanomas are mela-
notic; 10-30% are amelanotic [36]. Tumor-like hyperplasia

around blood vessels is characteristic, and vessel invasion is
seen. Immunologically, they are positive for S100 protein,
Melan A, HMB45, tyrosinase, and vimentin, which are useful
in making the definitive diagnosis.

Seventy to eighty percent of mucosal melanomas of the
sinonasal cavity are localized, and there is enlargement of
regional lymph nodes in 10-20% of cases. As many as 40%
present with cervical nodal metastases.

The TNM staging of mucosal malignant melanoma of the
head and neck is as follows: T3, tumors limited to the mucosa
and immediately underlying soft tissue, regardless of thick-
ness or greatest dimension; T4, moderately advanced or very
advanced; T4a, moderately advanced disease tumor involv-
ing deep soft tissue, cartilage, bone, or overlying skin; and
T4b, very advanced disease tumor involving the brain, dura,
skull base, lower cranial nerves (IX, X, XI, XII), masticator
space, carotid artery, prevertebral space, or mediastinal
structures [33].

Treatment is surgery, pre- or postoperative radiation ther-
apy, and chemotherapy. The 5-year local control rate for
mucosal malignant melanomas of the head and neck is
46-71%, and the 5-year crude survival rate is about 50%.

Hematogenous metastases occur in the lungs, brain, liver,
and skin. Neurotrophic spread is not uncommon.

7.3.4.1 Diagnostic Imaging
With malignant melanoma, a lumpy mass is seen in the nasal
cavity. As the tumor grows, it tends to remodel bone, although
elements of frank bone erosion may also be present. Because
of their rich vascular network, melanomas enhance well on
contrast-enhanced CT and MR scans, and their MR imaging
appearance is usually that of a homogeneous mass of inter-
mediate signal intensity on all imaging sequences. On MR
images, in pigmented tumors with a high melanin content,
high signal intensity is seen on T1-weighted images, and
areas with low signal intensity are seen on T2-weighted
images (Fig. 7.10). These signal changes correspond to the
intratumoral bleeding that is often seen with these tumors
[37]. Melanin is thought to be reflected more by the high
signal intensity on T1-weighted images than the low signal
intensity on T2-weighted images [36]. As mentioned earlier,
about 30% of these tumors are amelanotic, and heteroge-
neous, with moderate-intensity signals seen on both
T1-weighted and T2-weighted images. This makes differen-
tiation from other tumors somewhat difficult. With both,
these tumors show a rich vasculature, and strong enhance-
ment after contrast is added. The apparent diffusion coeffi-
cient (ADC) of diffusion-weighted images is reported to be
useful in determining prognosis.

18F-FDG/PET CT is useful in determining the focus and
whether there are metastases.

Malignant melanoma is included among the small round
cell tumors, and undifferentiated carcinoma, malignant
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Fig. 7.10 Malignant melanoma. (a) Axial T1-weighted image. (b)
Axial T2-weighted image. (¢) Axial Gd-enhanced T1-weighted image.
(d) Coronal Gd-enhanced T1-weighted image. Axial T1-weighted (a),
T2-weighted (b), and contrast-enhanced fat-suppressed weighted (c¢)
images demonstrate a polypoid mass in the left nasal cavity with a mod-

lymphoma, plasmacytoma, and olfactory neuroblastoma
are considered in the differential diagnosis.

7.3.5 Non-Hodgkin’s Lymphomas
of the Sinonasal Cavity

Non-Hodgkin’s lymphomas of the sinonasal cavity are clas-
sified as diffuse B-cell malignant lymphomas and extranodal
natural killer (NK)/T-cell lymphomas (ENKTLs).

Sinonasal lymphoma accounts for 12-15% of all head
and neck cancers. It is the third most common sinonasal

erately high T1-weighted signal intensity and a lower T2-weighted sig-
nal intensity, consistent with melanotic melanoma (arrows). There is
moderate enhancement of the tumor. This patient has a mucosal malig-
nant melanoma

malignancy, after squamous cell carcinoma and adenocarci-
noma [38]. In the nasal cavity, nasal-type ENKTL is the most
common in Asians. Diffuse large B-cell lymphoma (DLBCL)
is more common from the paranasal sinuses, but may arise
from the nasal cavity [38]. Other neoplasms that develop in
the sinonasal cavity are Burkitt’s lymphoma, follicular lym-
phoma, lymphoma of mucosa-associated lymphoid tissue,
and peripheral T-cell lymphoma, and these are rare.

In Asia, B-cell lymphomas and NK/T or T-cell lympho-
mas make up 82% and 18% of primary neoplasms in the
paranasal sinuses, respectively, whereas in the nasal cavity,
the former make up 71% and the latter 29%.
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7.3.5.1 Diffuse Large B-Cell Lymphoma

In DLBCLs, pathologically, diffuse infiltration of large- or
medium-sized cells is seen. They have round nuclei or nuclei
curved by the cell membrane. They fall into the category of
small round cell tumors. Polyp-like or aggregated smooth-
surface masses are formed, and unlike SCC, there is no
accompanying ulcer or necrosis. In reported cases, in these
tumors bleeding does not readily occur. The tumor cells
express pan B-cell markers (CD20, CD79a). In the paranasal
sinuses, they most often develop in the maxillary sinus.

The treatment is radiation therapy and/or systemic che-
motherapy for localized lesions. The therapeutic strategy for
diffuse large B-cell tumors of the sinonasal cavity is the
same protocol as for such tumors arising in other locations.
CHOP therapy and other chemotherapies are often used
together with Rituximab. The prognosis is somewhat better
than with NK/T-cell lymphoma, and the likelihood of cure
with standard therapy can be predicted using the International
Prognostic Index.

Diagnostic Imaging

The N/C ratio of tumor cells is high, and on magnetic reso-
nance imaging (MRI), moderately uniform signal intensity is
seen on T1- and T2-weighted images. It commonly shows
relatively low signal intensity and contrast enhancement that
are uniform on T2-weighted images, and it forms a lump-like
mass, filling in the paranasal sinuses (Figs. 7.11 and 7.12).
Bone remodeling or frank erosion may be present. It is
accompanied by infiltration of the soft tissue on the ventral
side of the maxillary sinus and thickening of the maxillary
sinus mucosa, which may indicate the possibility of early-
stage lymphoma [39]. Posteriorly, it also sometimes infil-
trates the adipose tissue adjacent to the sinus without
destruction of bone. Contrast enhancement is moderate
(Figs. 7.11c and 7.12b), but in some cases, no enhancement
is seen. On diffusion-weighted images, there is high signal
intensity reflecting the high cell density (Figs. 7.11e and
7.12d), and the apparent diffusion coefficient is decreased
(Fig. 7.12e).

In the differential diagnosis, SCC is the most common
histological type of paranasal sinus cancer, and it is consid-
ered in the differential, but with DLBCL, there is little necro-
sis or bleeding, and relatively uniform signal intensity and
density are seen on imaging.

7.3.5.2 Extranodal Natural Killer/T-Cell

Lymphoma
Among ENKTLs, tumors with the primary lesion in the nasal
cavity and surrounding tissue are called nasal NK/T-cell
lymphomas. In addition to the sinonasal cavity, they develop
in the skin, upper airway, lungs, digestive tract, testicles, soft
tissue, spleen, and other organs.

Nasal NK/T-cell lymphoma is more common in East
Asian countries, such as Japan, South Korea, and Taiwan,
Mexico, and Central and South America than in western
countries. About 75% of all are said to be the NK cell type,
and the remainder are T-cell type, but clinically there are
cases in which it is difficult to distinguish between the two.

It occurs most commonly in persons in their 50s, with a
male-to-female ratio of 3:1. Symptoms include nasal conges-
tion, nasal discharge, nasal bleeding, and nasal swelling.

Pathologic examination shows necrotic granuloma-like
lesions covered with crust in the nasal cavity or ulcer or
edema of the inferior turbinate. Perforation of the nasal sep-
tum and extensive destruction centered on the face may also
occur. Histological features of the lymphoma include angio-
centric and polymorphous lymphoreticular infiltrates, called
polymorphic reticulosis. Clinically, the lymphoma is charac-
terized by progressive unrelenting ulceration and necrosis of
the nasal cavity and midline facial tissues [40]. There is dif-
fuse tumor infiltration with intravascular invasiveness and
often extensive necrosis that looks similar to inflammation,
making diagnosis difficult. The tumor cells are positive for
CD56, CD2, and CD3e+, and more than 95% are positive for
Epstein-Barr virus [41].

Treatment is with chemotherapy and radiation. With nasal
NK/T-cell lymphoma, multidrug-resistant genes are
expressed, and the prognosis is poor with the regimens that
are normally used for malignant lymphomas. In stages I and
I1, the lesions are localized, and long-term survival is possi-
ble in about 40% of cases, but in stages III and IV, the prog-
nosis is very poor. The recurrence rate is high, at above 50%.

Diagnostic Imaging

On CT, contrast enhancement is irregular, and in 40-75% of
cases, there is bone destruction in the paranasal sinuses or
turbinates.

On MRI (Fig. 7.13), the solid portions of tumors show
signal intensity equivalent to or slightly higher than that of
muscle on T1-weighted images and signal intensity that is
higher than that of muscle and lower than that of nasal
mucosa on T2-weighted images. Contrast enhancement is
stronger than that of muscle and weaker than that of nasal
mucosa. Imaging findings are nonspecific, and differentia-
tion is difficult, but in cases in which there is diffuse infiltra-
tion in the nasal cavity, necrosis, destruction of midline
structures (turbinates, nasal septum, palate, orbit), and spread
to nasopharyngeal, subcutaneous, and nose and lip soft tis-
sues, extranasal NK/T-cell lymphoma is a possibility.

In the differential diagnosis, diseases associated with destruc-
tion of the bone and cartilage of the nasal cavity are considered,
including granulomatosis polyangiitis in the first place, fol-
lowed by other conditions such as SCC, undifferentiated carci-
noma, malignant melanoma, and olfactory neuroblastoma.
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Fig. 7.11 Diffuse large B-cell lymphoma involving nasal cavity and
maxillary sinus. (a) Bone CT. (b) Axial T1-weighted image. (¢) Axial
Gd-enhanced T1-weighted image. (d) Coronal T2-weighted image. (e)
Diffusion-weighted image. CT (a), T1-weighted (b), contrast-enhanced
T1-weighted (c), and T2-weighted (d) images demonstrate a bulky soft

tissue mass in the left nasal cavity extending to the maxillary sinus with
homogeneous intensity (arrows). In a, the mass permeative bony
change is noted at the medial wall bone (arrowheads). In b, tumor is
enhanced intermediately homogeneously, and in ¢, homogeneous
enhancement is noted
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Fig.7.12 Diffuse large B-cell lymphoma involving bilateral maxillary
sinuses. (a) Enhanced CT. (b) Axial Gd-enhanced T1-weighted image.
(c) Coronal T2-weighted image. (d) Diffusion-weighted image. (e)
ADC. In the bilateral maxillary sinuses, tumorous lesions are found,
being more prominent in the left maxillary sinus (arrows and T). The
tumors occupy the cavity and infiltrate out of it anteriorly posteriorly,

inferiorly, and medially (a, b). On T2-weighted images, the tumor is
hypointense (¢).With contrast most of the tumor was seen to be a het-
erogeneously moderately enhanced solid tumor, but in its central part, a
non-enhanced component reflecting necrosis is found (b). The masses
are hyperintense on diffusion-weighted image (d) and hypointense on
ADC image (e)
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Fig. 7.13 Natural killer/T-cell lymphoma of the nasal cavity. (a)
Coronal fat-suppressed T2-weighted image. (b) Axial Gd-enhanced
T1-weighted image. (¢) Coronal Gd-enhanced T1-weighted image. On
coronal fat-suppressed T2-weighted image (a), infiltration of a poorly

7.3.6 Inverted Papilloma

Transitional cell papillomas are an intermediate group that
develop from Schneiderian mucosa originating in the ecto-
derm, and they are characterized by squamous cell differen-

demarcated tumorous lesion from the left nasal vestibular mucosa
(arrowheads) to the subcutaneous layer of the buccal region (arrow) is
observed. On post-contrast T1-weighted images, the tumor is enhanced
and causes nasal septum perforation (b, ¢ dotted arrow)

tiation. They are relatively rare tumors, accounting for
0.5-4% of nasal tumors. They are classified into the follow-
ing three types based on their development pattern. The
inverted type is the most common, with a frequency of about
61%. The exophytic or fungiform type (34%) tends to occur
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in the nasal septum and is histologically squamous. The
oncocytic type (5%) develops in the lateral wall of the nasal
cavity, and there is an underlying SCC in 4-17% of cases
[42].

Inverted papillomas, the most common type, occur with a
frequency that is 2-5 times higher in males than in females,
and the age of predilection is 40-70 years. They arise around
the natural ostium of the maxillary sinus on the lateral wall
and spread in the nasal cavity and maxillary sinus. In the
maxillary sinus, they are often associated with chronic sinus-
itis. Rarely, they also arise in the frontal sinus or sphenoid
sinus as solitary lesions not in the nasal cavity. For solitary
sphenoid sinus lesions, there are reports of only about 60
cases in the English language literature [43]. They only
rarely develop in the nasal septum, in 8% of cases.

Human papilloma virus infection is implicated in the
development of these tumors, but there are also reports of
Epstein-Barr virus involvement. Pathologically, they are
thought to occur as a result of the release of cytokines in the
tissue where the tumor develops, and inflammatory infiltra-
tion is also involved. Osteitis or neo-osteogenesis is also
thought to occur [44].

Unilateral nasal obstruction is about the only subjective
symptom, although nasal bleeding or discharge is also seen in
some cases. Depending on the direction of the tumor progres-
sion, complaints may also include lacrimation, exophthal-
mos, swelling of the cheek, double vision, or headache. The
duration of symptoms is relatively long, and it is not uncom-
mon for symptoms to be felt over several months. There are
also a fair number of cases in which there is a history of
removal of nasal polyps from the nasal cavity and, thus, recur-
rence at the time the patient presents to the hospital.

The classification of Krouse et al. is commonly used in
tumor staging. T1 is tumor restricted to the nasal cavity; T2
is tumor in the medial or superior wall of the maxillary sinus
or in the ethmoid sinus; T3 is tumor involving the lateral,
inferior, anterior, or posterior maxillary sinus and/or the eth-
moid sinus and/or the frontal sinus; and T4 is tumor develop-
ing beyond the paranasal sinuses. When there is spread to the
base of the skull, it is T4. Other staging systems that consider
the operative procedure or recurrence have been proposed by
Furuta, Citardi, and others in recent years [45].

Inverted papillomas also very rarely occur in the middle
ear, and these have higher recurrence and carcinogenesis
rates than those originating in the paranasal sinuses.

7.3.6.1 Diagnostic Imaging

On CT scans, unilateral masses with superficial lobular
shapes are seen in the nasal cavity or the paranasal sinuses
[46]. Also, as mentioned previously, osteitis and neo-

osteogenesis are seen in the tissue where the tumor arises,
and it is reported that hyperostosis is identified in about 90%
of these tissues on CT [47].

Identification of attachments is important in surgical tumor
removal. In rare cases, calcification is seen in these tumors.
On MRI, convoluted cerebriform appearance on T2-weighted
images or Gd contrast-enhanced T1-weighted images strongly
suggests the diagnosis of inverted papilloma (Fig. 7.14) [48].
Contrast enhancement extends to the entire tumor. A colum-
nar pattern, as if swept by a brush, is also seen in some cases
[49]. Though MRI is more useful in the qualitative diagnosis,
CT with the bone setting is needed to identify the abovemen-
tioned site of occurrence. There are also many cases with sec-
ondary mucus retention/sinusitis due to obstruction of the
natural ostium, and in actual diagnostic imaging, it is often a
struggle to determine the extent of tumor spread.

In a recent imaging report, dynamic contrast-enhanced
MR imaging was said to be useful in differentiating between
inverted papilloma and lobular capillary hemangioma (also
called pyogenic granuloma, eruptive hemangioma, and preg-
nancy tumor) [50].

Inverted papillomas commonly recur (10-70%), but the
recurrence rate decreases with endoscopic endonasal surgery
(0-33%, mean 13.4%). Complete removal is the most effec-
tive and necessary in preventing recurrence, and efforts are
made to accurately diagnose the extent of the cancer spread
with preoperative endoscopy or imaging.

Associated cancers occur in 2-27% of cases. In a review
of 2684 patients, the rate was 8.9—11%, of which 67.3-61%
were said to be simultaneous cancers, and the remaining
32.6-39% cases subsequently developed cancer [51]. With
these tumors, follow-up observation is important. Cancers
inside papillomas include those that arise from the papilloma
and those that simply develop within the papilloma.
Associated cancers are suspected to occur with infiltration of
neighboring bone, destructive changes, and extensive necro-
sis within the tumor on diagnostic imaging. In addition to
squamous cell carcinoma, cancers of other histologic types
also occur. There are also imaging reports of associated can-
cers that retain a convolutional pattern without central necro-
sis. As differential diagnosis, nasal cavity cancers, expanding
hematoma, and pyogenic granuloma are considered. The
cancers perforate the nasal septum and spread to the contra-
lateral side or infiltrate subcutaneous tissues. Expanding
hematomas occur near the natural ostium of the maxillary
sinus. They have a low-intensity component on MRI
T2-weighted images and uneven contrast enhancement.
Pyogenic granulomas show high intensity with marginal
hypointensity on T2-weighted images. There is marked
enhancement with contrast agents.
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Fig.7.14 Inverted papilloma. (a) Bone CT. (b) Coronal Gd-enhanced
T1-weighted image. (¢) Coronal T2-weighted fat-suppressed image. A
tumorous lesion is found in the right nasal cavity. Gd contrast
T1-weighted (b) and T2-weighted (c¢) images show convoluted cerebri-
form appearance, with striping present centered on the lamina papyra-
cea (arrows). The nasal septum is compressed by the tumor and deviates
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Tumors
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Abstract

Salivary gland cancers are rare malignancies that can
involve any of the major and minor salivary glands. The 4th
edition of the World Health Organization (WHO) classifica-
tion of head and neck tumors, published in 2017, identified
20 different histological subtypes of salivary gland malig-
nancies. There exists a considerable diagnostic difficulty
owing to their diverse histological features in individual
lesions and the presence of a number of types and variants,
in addition to overlapping histological patterns similar to
those observed in different tumor entities. However, CT and
MRI can play an important role for the evaluation of tumor
differentiation and tumor extension. In this chapter, clinical
features, histopathology, staging, and radiological imaging
of salivary gland cancers are reviewed. Subsequently, clini-
cal, histological, and radiological features of each subtype
of salivary gland cancer are specifically described.
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8.1 Introduction

Tumors of the salivary gland account for approximately 3% of
all head and neck tumors and 0.6% of all neoplasms of the
human body in general. Salivary gland tumors affect both
major and minor salivary glands, affecting the parotid gland in
the majority (64-84%) of cases, followed by the minor salivary
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glands in 9-23% of cases, submandibular gland in 7-11% of
cases, and sublingual gland in fewer than 1% of cases [1]. The
most common site for minor salivary gland tumors is the pal-
ate, followed by the buccal mucosa and the lip. Eighty percent
of the parotid gland parenchyma lies lateral to the facial nerve,
in the superficial lobe; 80-90% of parotid gland neoplasms
exist in this superficial lobe. The most common subtype of sali-
vary gland tumor is the pleomorphic adenoma, which accounts
for 60-70% of all parotid tumors, followed by Warthin tumor.
Salivary gland cancers are uncommon, with annual inci-
dences ranging from 0.5 to 3 per 100,000 depending on loca-
tion. The peak incidence of salivary gland cancers is observed
between the fifth and seventh decades of life. The sex distribu-
tion for salivary gland cancers is equal between men and
women; however, incidence at older ages is higher in men than
in women. Generally speaking, in clinical practice, the smaller
the salivary gland, the higher the rate of malignancy.
Approximately 15-32% of parotid tumors, 41-45% of sub-
mandibular tumors, 50% of minor salivary gland tumors, and
70-90% of sublingual gland tumors are malignant [1]. Although
most salivary gland cancers arise in excretory or intercalated
duct reserve cells, etiological agents behind salivary gland can-
cers remain unclear. Genetic alterations, including allelic loss,
chromosomal translocation, and the absence or addition of
chromosomes, may be risk factors for these diseases.
Additionally, environmental risk factors include exposure to
ionizing radiation, prior radiotherapy, occupational exposure
during rubber manufacture and woodworking, and employ-
ment in hairdressers and beauticians. History of previous can-
cers related to Epstein-Barr virus, immunosuppression, and
radiation are also associated with an increased risk of salivary
gland cancer. Patients who develop benign salivary gland
tumors (e.g., pleomorphic adenoma) at a young age have a
higher risk of developing malignant salivary gland cancers, as
these tumors have the potential for malignant transformation.
The purpose of the general statement in this chapter is to
review clinical features, histopathology, staging, and
radiological imaging of salivary gland cancers. In addition,
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clinical, histological, and radiological features of each sub-
type of salivary gland cancer are specifically described.

8.2  (Clinical Features

Salivary gland tumors of the parotid and submandibular
glands usually present as growing masses, whereas tumors
of minor salivary glands present as submucosal intraoral
masses which subsequently ulcerate. Initial presentation of
the tumor depends on the anatomical location and site of
involvement. Salivary gland cancers generally present as
painless, slow-growing masses which are indistinguishable
from benign tumors. Concerning clinical features for sus-
pected salivary gland cancers include rapid tumor growth,
facial nerve palsy, palpable cervical lymph nodes, localized
pain, hard consistency, and tumor fixation to overlying skin
or underlying muscle. Overall detection rates for salivary
gland malignancies based on these clinical features are
approximately 30% [2], although only 10% of patients with
parotid cancers present with facial paralysis, which is associ-
ated with poor prognosis [3]. Patients with deep lobe parotid
tumors may present with distortion of the lateral pharyngeal
wall on intraoral examination [3]. The occurrence of trismus
may indicate infratemporal fossa involvement. Finally, skin
ulceration and fistulas may also be present in advanced
cancers.

8.3  Histopathology

The 4th edition of the World Health Organization (WHO)
classification of head and neck tumors, published in 2017,
identified 20 different histological subtypes of salivary gland
malignancies (Table 8.1) [4]. This classification includes sev-
eral new entities, for instance, secretory carcinomas, and mod-
ifies  several carcinomas, including polymorphous
adenocarcinomas, clear cell carcinomas, and intraductal carci-
nomas. Histological classification of salivary gland tumors is
an evolving field, and the importance of tumor grading has
become widely accepted, although this may be difficult even
for experienced pathologists. Common histological subtypes
of such cancers include mucoepidermoid carcinomas, adenoid
cystic carcinomas, “adenocarcinomas, NOS (not otherwise
specified),” and salivary duct carcinomas. Mucoepidermoid
carcinoma is the most common cancer of the parotid gland,
while adenoid cystic carcinoma is the most common in the
submandibular and minor salivary glands. These cancers are
typically divided into those arising from major salivary glands
(commonly occurring major salivary gland cancers include
acinic cell carcinoma, basal cell adenocarcinoma, salivary
duct carcinoma, epithelial-myoepithelial carcinoma, and
oncocytic carcinoma) and those arising from minor salivary

Table 8.1 WHO classification of tumors of malignant salivary glands

Malignant tumors

Mucoepidermoid carcinoma

Adenoid cystic carcinoma

Acinic cell carcinoma

Polymorphous adenocarcinoma

Clear cell carcinoma

Basal cell adenocarcinoma

Intraductal carcinoma

Adenocarcinoma, NOS

Salivary duct carcinoma

Myoepithelial carcinoma

Epithelial-myoepithelial carcinoma

Carcinoma ex pleomorphic adenoma

Secretory carcinoma

Sebaceous adenocarcinoma

Carcinosarcoma

Poorly differentiated carcinoma
Undifferentiated carcinoma
Large cell neuroendocrine carcinoma
Small cell neuroendocrine carcinoma

Lymphoepithelial carcinoma

Squamous cell carcinoma

Oncocytic carcinoma

Sialoblastoma (Uncertain malignant potential)

Hematolymphoid tumors
Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma)

glands (commonly occurring minor salivary gland cancers
include polymorphous adenocarcinoma and clear cell carci-
noma). Histological tumor grading is intended to reflect the
inherent biological nature of tumors. A diverse spectrum of
biological behaviors is expressed, ranging from indolent, low-
grade tumors which almost mimic benign processes to aggres-
sive, high-risk lesions with a propensity for early disseminated
metastasis. Some tumors are known to be low grade (acinic
cell carcinoma, polymorphous adenocarcinoma, basal cell
adenocarcinoma, and epithelial-myoepithelial carcinoma),
whereas others are generally high grade (salivary duct carci-
noma, carcinoma ex pleomorphic adenoma, poorly differenti-
ated carcinoma, and squamous cell carcinoma).
Mucoepidermoid carcinoma, adenoid cystic carcinoma, and
“adenocarcinoma, NOS” can be histologically classified into
three categories: low, intermediate, and high grade.

8.4  Staging

The staging system for major salivary gland cancers is based
on an extensive retrospective review of the existing literature
worldwide; this system is important for predicting patient
prognosis. Numerous factors have an impact on patient sur-
vival, including histological diagnosis, cellular differentia-
tion (grade), site, size, the degree of fixation or local
extension, facial nerve involvement, and status of regional
lymph nodes, as well as distant metastases. From 2017
onward, all major salivary gland cancers are staged accord-
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Table 8.2 Definitions of AJCC TNM: Definition of primary tumor

Table 8.3 Definitions of AJCC TNM: Definition of regional lymph

(T) node (N)—Clinical N (cN)
T N
category | T criteria category | N criteria
TX Primary tumor cannot be assessed NX Regional lymph nodes cannot be assessed
TO No evidence of primary tumor NO No regional lymph node metastasis
Tis Carcinoma in situ NI Metastasis in a single ipsilateral lymph node, 3 cm or
Tl Tumor 2 cm or smaller in greatest dimension without smaller in greatest dimension and ENE(-)
extraparenchymal extension® N2 Metastasis in a single ipsilateral node larger than 3 cm
T2 Tumor larger than 2 cm but not larger than 4 cm in but not larger than 6 cm in greatest dimension and
greatest dimension without extraparenchymal extension® ENE(-);
T3 Tumor larger than 4 cm and/or tumor having or metastases in multiple ipsilateral lymph nodes, none
extraparenchymal extension® larger t.han 6 cm in greatest dimension and ENE(-);
T4 Moderately advanced or very advanced disease orin bllate.ral or contra.lateray lymph nodes, none larger
. than 6 cm in greatest dimension and ENE(-)
T4a | Moderately advanced disease — : P
Tumor invades skin, mandible, ear canal, and/or facial N2a | Metastasis in a single 1p§11ateral node., large.r than 3 cm
but not larger than 6 cm in greatest dimension and
nerve
T4b Very advanced disease ENE() - - o
Tumor invades skull base and/or pterygoid plates and/or N2b | Metastases in mu.ltlple 1psﬂa§era1 ly.mph nodes, none
encases carotid artery larger than 6 cm in greatest dimension and ENE(-)
. . T X : N2c¢ Metastasis in bilateral or contralateral lymph nodes, none
T‘Extra}parenchyn}al extens.lon is c.hmcz.il or macroscopic ev1denc.e of larger than 6 cm in greatest dimension and ENE(-)
invasion of soft tissues. Microscopic evidence alone does not constitute - .
extraparenchymal extension for classification purposes N3 Metasta}sm in a lymph node larger than 6 cm in greatest
dimension and ENE(-);
or metastasis in any node(s) with clinically overt ENE(-)
Table 8.4 Definitions of AJCC TNM: Definition of regional lymph N3a | Metastasis in a lymph node larger than 6 cm in greatest
node (N)—Pathological N (pN) dimension and ENE(-)
N N3b | Metastasis in any node(s) with clinically overt ENE(+)
category | N criteria Note: A designation of “U” or “L” may be used for any N category to
NX Regional lymph nodes cannot be assessed indicate metastasis above the lower border of the cricoid (U) or below
NO No regional lymph node metastasis the lower border of the cricoid (L)
N1 Metastasis in a single ipsilateral lymph node, 3 cm or Similarly, clinical and pathological ENE should be recorded as ENE(-)
smaller in greatest dimension and ENE(-) or ENE(+)
N2 Metastasis in a single ipsilateral lymph node, 3 cm or
smaller in greatest dimension and ENE(+); - ing to the 8th Edition of the American Joint Committee on
erl:gng:;);h:;‘ d3l§l$E]z2; ot larger than 6 cm in greatest Cancer (AJCC) Cancer Staging Manual [5]. In contrast,
or metastases in multipie ipsilateral lymph nodes, none minor salivary gland cancers are staged similarly to squa-
larger than 6 cm in greatest dimension and ENE(-); mous cell carcinoma, according to sites in which they arise.
orin bilate.ral or contrglatera} lymph nodes, none larger Primary tumors (T) are staged according to size, extrapa-
than 6 cm in greatest dimension and ENE(-) renchymal extension, and direct invasion into the skin, man-
N2a Metastasm.ln single 1ps.11atera}1 or contralatera{l node 3 cm dible, ear canal, facial nerve, the base of the skull, pterygoid
or smaller in greatest dimension and ENE(+); . . >
or a single ipsilateral lymph node larger than 3 cm but plates, and carotid artery (Table 8.2). Although histological
not larger than 6¢m in greatest dimension and ENE(-) subtype of the primary salivary gland cancer is an important
N2b Metas.tasis in mult'iple iPsilateral nodes, none larger than prognosﬁc fact()r, T stage is based on general principles’ due to
6 cm in greatest dimension and ENE(-) the relative rarity and wide histological variety of salivary
N2c¢ | Metastasis in bilateral or contralateral lymph nodes, none
larger than 6 cm in greatest dimension and ENE(-) gland cancers.
g g . .. .
N3 Metastasis in a lymph node larger than 6 cm in greatest Regional lymph node (N) staging is dependent on size,
dimension and ENE(-); location, and extranodal extension (ENE) of metastatic
or in a single ipsilateral node larger than 3 cm in greatest lymph nodes (Tables 8.3 and 8.4). The TNM system has
dimension and ENE(+); , been revised and has been a strong predictor of disease
or multiple ipsilateral, contralateral, or bilateral nodes .
any with ENE(+) prognosis over the years. Currently, the new ENE parameter
N3a | Metastasis in a lymph node larger than 6 cm in greatest of metastatic lymph nodes is proving to be an important
dimension and ENE(-) prognostic factor; thus ENE of nodal metastases is consid-
N3b | Metastasis in a single ipsilateral node larger than 3 cm in ered in the 8th Edition of the AJCC, including major sali-
greatest. dlm.en.swn and ENE(+); . vary gland CANCETS.
or multiple ipsilateral, contralateral, or bilateral nodes . . .. . .
any with ENE(+) Detection of distant metastasis is designated as M1, with

Note: A designation of “U” or “L” may be used for any N category to
indicate metastasis above the lower border of the cricoid (U) or below
the lower border of the cricoid (L)

Similarly, clinical and pathological ENE should be recorded as ENE(-)
or ENE(+)

the lung being the most frequently involved site of distant
metastasis (Table 8.5). The overall cancer stage is derived
from the combination of T (primary tumor), N (regional
lymph nodes), and M (distant metastasis) scores (Table 8.6).
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Table 8.5 Definitions of AJCC TNM: Definition of distant metastasis
M)

Table 8.6 AJCC prognostic stage groups

And N And M | Then the stage group
M category M criteria When T is... is... is... is...
TO No distant metastasis Tis NO MO 0
T1 Distant metastasis T1 NO MO I
T2 NO MO 1T
. . . T3 NO MO it
8.5 Radiological Imaging T0.T1. T2, T3 N1 MO T
T4a NO, N1 MO IVA
A number of cross-sectional imaging modalities, including 70, T1, T2, T3, T4a | N2 MO IVA
ultrasonography (US), computed tomography (CT), and mag-  Any T N3 MO IVB
netic resonance imaging (MRI), are employed for the evalua- ~ T4b Any N MO IVB
tion of salivary gland tumors. These modalities can be used to ~ Any T AnyN | MI IvC

delineate tumor locations, such as intraglandular or extrag-
landular positions, determine the presence in the superficial
or deep lobe of the parotid gland, detect malignant features,
define local extension and invasion of surrounding tissues,
and detect regional nodal and distant metastases.

US is the preferred technique for the initial assessment of
salivary gland tumors, due to low cost, ease of accessibility,
and high sensitivity using high-resolution US, which provides
excellent resolution and tissue characterization without any
risk of radiation exposure. Particularly for superficial parotid
and submandibular gland tumors, US is an ideal tool for initial
assessment due to their relatively superficial locations. It can
be used to distinguish focal from diffuse disease, assess adja-
cent vascular structures and vascularity, distinguish between
solid and cystic tumors, guide fine needle aspiration biopsy,
and perform nodal staging. However, US allows only limited
visualization of the deep parotid or deep extensions, which are
obscured by the mandible, and minor salivary glands are also
not accessible using the conventional US. In addition, the util-
ity of US depends on the skill and experience of the operator,
which are both affected by the availability of training and the
performance of ultrasound devices.

Particularly for tumors located in the deep parotid or
minor salivary glands, CT and MRI are the first-choice imag-
ing modalities and are optimal for delineating complete
tumor extent and regional lymphadenopathy. CT is the
method of choice for patients with suspected inflammatory
diseases associated with sialolithiasis, or in patients for
whom MRI is contraindicated. Although CT is useful for the
evaluation of cortical bone involvement and identification of
intratumoral calcification, beam hardening artifacts arising
from metallic dental implants often degrade CT images.
Despite dental fillings potentially causing susceptibility arti-
facts in MRI, they are generally located far from major sali-
vary glands and, therefore, do not degrade MRIs of major
salivary glands. If salivary gland cancer is strongly sus-
pected, MRI is a particularly useful technique for evaluating
tumor extension, including bone marrow infiltration, skull
base invasion, meningeal invasion, facial nerve involvement,
and perineural spread. This is due to the excellent soft tissue
contrast resolution of the MRI technique. Because
T1-weighted images give an excellent assessment of tumor

margins, infiltrative growth patterns and deep extension, sug-
gestive of malignancy, are well demonstrated on T1-weighted
images. In addition, fat-suppressed contrast-enhanced
T1-weighted images are required for the detection of bone
invasion, meningeal invasion, and perineural spread along
the facial nerve and auriculotemporal nerve (at the third divi-
sion of the trigeminal nerve). While hyperintense masses on
T2-weighted images are generally benign, hypointense or
isointense masses tend to be malignant. Exceptions exist;
low-grade malignancy often shows hyperintensity, while
Warthin tumor usually shows hypointensity on T2-weighted
images; however, T2-weighted imaging has been shown as a
reasonably reliable predictor of whether salivary gland
tumors are benign or malignant. MRI can discriminate
between benign and malignant tumors as certain imaging
findings, including T2 hypointensity, ill-defined tumor mar-
gins, diffuse growth patterns, and invasion of subcutaneous
tissue, are all strongly indicative of malignant processes.
The usefulness of dynamic contrast-enhanced MRI
parameters and time signal intensity curves (or contrast
index curve) for differential diagnosis of salivary gland
tumors have been reported previously [6]. Time of peak
enhancement (7),.,x) with a cutoff point of 120s is capable of
differentiating between pleomorphic adenomas and malig-
nant tumors, although assessment of 7T, of 120s alone is not
sufficient to differentiate Warthin tumors from malignant
tumors [6]. Washout ratio with a cutoff value of 30% is capa-
ble of differentiating between malignant and Warthin tumors
[6]. Time signal intensity curves based on a combined assess-
ment of T}, of 120s and washout ratio of 30% possess high
sensitivity (91%) and specificity (91%) for differentiating
between benign and malignant salivary gland tumors [6].
The apparent diffusion coefficient (ADC) value is a quan-
titative parameter of diffusion-weighted imaging (DWI),
which reflects the diffusion movement of water molecules in
various tissues. There is a strong negative correlation
between ADC and tumor cellularity. ADC is significantly
smaller in lymphomas than in all other salivary gland tumors,
and the mean ADC of salivary gland cancers is significantly
smaller than in pleomorphic adenomas [7], whereas the
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mean ADC of Warthin tumors is smaller than that of malig-
nant tumors [8]. This characteristic finding of Warthin tumors
could be attributed to intense lymphoid accumulation in the
stroma and proliferation of the epithelial component, leading
to a decrease in extracellular extravascular space and,
therefore, a decrease in ADC [9]. However, overlap in ADC
exists between cellular pleomorphic adenomas and
intermediate-grade malignant tumors and between Warthin
tumors and high-grade malignant tumors [7, 8, 10].

8.6 Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma (MEC) is the most common
salivary gland cancer, accounting for approximately 30% of
all salivary gland malignancies [11]. The incidence of MEC
is rare in the pediatric population compared to adults; how-
ever, it accounts for 50% of salivary gland malignancies in
children and adolescents. In adults, MECs most commonly
occur in the fourth to sixth decades, with the highest preva-
lence noted during the fifth decade. A slight female predilec-
tion is observed, with a female-to-male ratio of 3:2 [11].
MEC is also the most common malignant neoplasm of the
parotid gland. Approximately 60% of cases occur in the
major salivary glands, with 35% occurring in the minor
glands [11]. The parotid gland is the predominant site of
tumors, representing 48% of cases, with 11% in the subman-
dibular gland and 1% in the sublingual gland [11]. The palate
and buccal mucosa are the most frequently affected sites in
the minor salivary glands, followed by the antrum, tongue,
gingiva, floor of the mouth, and nasal cavity [11]. Clinical
presentation varies depending on tumor location, size, and

histological grade. MECs usually present as slow-growing,
long-standing, painless masses. Regardless of the location,
the presenting symptom is an asymptomatic mass in 75% of
cases. Although low-grade and intermediate-grade MECs
may present as slow-growing masses, high-grade MECs
generally grow rapidly. Fixation on the skin or deeper tissue,
partial or complete facial nerve palsy, and ulceration, which
are rarely observed, are signs of high-grade MECs. These
can recur and metastasize to regional lymph nodes or distant
viscera. Although overall disease prognosis is favorable, this
is largely based on age, clinical stage, and histological grade.

Grossly, some MECs appear well-circumscribed and may
be partially encapsulated, whereas others are poorly defined
and infiltrative. Cut surfaces of tumors show solid or cystic
appearances, often with abundant mucus. The microscopic
appearance of MECs greatly depends on their histological
grade of differentiation. Prominent cystic structures are hall-
marks of low-grade MEC: multiple well-developed cystic or
microcystic structures are lined by mature mucin-producing,
intermediate, or epidermoid (squamous) cells. Intermediate-
grade MECs have fewer and smaller cysts than low-grade
MECs, in which intermediate cells predominate and form
solid islands. High-grade MECs are characterized predomi-
nantly by solid cellular proliferation of squamous and inter-
mediate cells, with higher degrees of atypia, anaplasia,
multiple mitoses, and necrosis. Considering MECs, the 4th
edition of the WHO classification of head and neck tumors is
less dogmatic with regard to the application of grading and
does not endorse a specific grading scheme [12]. Several
grading schemes have been devised in the literature, each
with advantages and limitations, particularly with respect to
intermediate-grade tumors.

Fig.8.1 A 47-year-old woman with low-grade mucoepidermoid carcinoma of the left parotid gland. (a) T2-weighted image shows an ill-defined,
heterogeneously hyper- to isointense lesion (arrow). (b) T1-weighted image shows an ill-defined, hypointense lesion (arrow)
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On MRI, low-grade MECs are well-circumscribed and
characterized by cysts containing mucin, appearing as hyper-
intense spots within the tumor on both T1- and T2-weighted
images; high-grade MECs are more solid and tend to infil-
trate surrounding tissues (Figs. 8.1, 8.2 and 8.3) [13].
However, low-grade MECs often have ill-defined margins,
reflecting peritumoral inflammatory changes rather than
invasive tumor growth (Figs. 8.1 and 8.3) [14]. Generally,

most solid components within tumors show hypointensity on
T2-weighted images, possibly representing abundant fibrous
tissue (Figs. 8.2 and 8.3). However, with regard to solid com-
ponents on T2-weighted images, low-grade MECs may have
hyperintense areas because of the presence of abundant
mucin-secreting cells, whereas high-grade MECs show het-
erogeneous, low to intermediate signal intensities, reflecting
high tumor cellularity (Figs. 8.1 and 8.2) [14].

Fig. 8.2 A 79-year-old man with high-grade mucoepidermoid carci-
noma of the right parotid gland. (a) T2-weighted image shows an ill-
defined, heterogeneously hypo- to isointense lesion (arrow) with

invasion of the masseter muscle (arrow head). (b) Fat-suppressed gado-
linium-enhanced TI1-weighted image shows an infiltrative lesion
(arrow) with extensive invasion of surrounding tissues

Fig. 8.3 A 74-year-old man with low-grade mucoepidermoid carcinoma of the right sublingual gland. (a) Contrast-enhanced CT image shows an
ill-defined, heterogeneously enhanced lesion (arrow). (b) T2-weighted image shows an ill-defined, heterogeneously hypointense lesion (arrow)
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8.7  Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (AdCC) is a slow-growing and
relentless salivary gland cancer, characterized by wide local
infiltration, perineural spread, propensity for local recurrence,
and late onset of distant metastasis. AACC is the second most
common salivary gland cancer, representing approximately
22% of all salivary gland malignancies. The age distribution
is wide, with a peak incidence between the fifth and sixth
decades. AACC is more frequent in females, with a female-to-
male ratio of 3:2. AACC is considered the most common
malignant neoplasm of the submandibular and minor salivary
glands. AdCCs arise from minor salivary glands in 65% of
cases, the parotid gland in 19% of cases, and submandibular
gland in 16% of cases [15]. Among those which originate in
the minor salivary glands, AACC most frequently occurs in
the palate, followed by the paranasal sinuses and other oral
cavity sites. Tumor location in minor salivary glands is asso-
ciated with a higher risk of recurrence and worse prognosis.
AdCCs usually do not show any specific signs and symptoms;
classical presentation is an asymptomatic mass with long-
term clinical course. Over time, as the tumor grows, it has a
propensity to invade nerves, causing pain and numbness as
the lesion advances. There is a strong correlation between
pain and perineural invasion, and the histological pattern and
clinical stage are major prognostic factors for the disease. The
5-year overall survival rate can be as high as 90%, but 15-year
survival is less than 70%. This poor long-term prognosis is
caused by failure to control late-onset distant metastases,
most commonly to the lungs, followed by the bone, liver, and
brain. Regional nodal involvement is uncommon but is more
frequent in the solid variants of the disease.

Typical gross appearance is well-defined but not encap-
sulated, as it can be seen infiltrating surrounding normal
tissue. The rare finding of necrosis and/or hemorrhage
may indicate the presence of a high-grade tumor.
Microscopically, AACC consists of a characteristic infil-
trative proliferation of luminal ducts and abluminal myo-
epithelial cells arranged in three histological patterns:
cribriform, tubular, and solid. The cribriform subtype is
the most common and easily recognized pattern, charac-
terized by nests of tumor cells interrupted by sharply
punched-out spaces filled with basophilic matrix. The
tubular subtype represents more apparent ductal spaces
and is also the most differentiated microscopic pattern of
AdCC. The solid subtype usually contains nonexistent or
occasional cyst-like spaces and a much greater degree of
nuclear and cellular pleomorphism and mitotic activity.
As polymorphism is common in AdCC, all three subtypes
may be observed in a single specimen. Based on the per-
centage of solid components, a proposed pathological
grading system is widely used: Grade I, tubular and crib-
riform pattern without solid component; Grade II, mostly
cribriform but less than 30% solid component; and Grade
III, predominantly solid component [16].

On MRI, AdCC appears both as a well-defined and ill-
defined mass. Tumors with ill-defined margins often show
diffuse infiltration into surrounding structures. AdCCs
with hyperintensity on T2-weighted images correspond to
less cellular tumors (cribriform or tubular subtype) with
better prognosis, whereas those with hypointensity on
T2-weighted images correspond to highly cellular tumors
(solid subtype) with poor prognosis (Figs. 8.4, 8.5 and
8.6) [17]. Retrograde tumor extension to the base of the

Fig. 8.4 A 54-year-old woman with adenoid cystic carcinoma of the left parotid gland. (a) T2-weighted image shows an ill-defined, heteroge-
neously iso- to hyperintense lesion (arrow). (b) T1-weighted image shows an ill-defined, hypointense lesion (arrow)
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Fig. 8.5 A 55-year-old woman with adenoid cystic carcinoma of the
right sublingual gland. (a) T2-weighted image shows a well-demarcated,
homogeneously hyperintense lesion (arrow). (b) Fat-suppressed

Fig. 8.6 A 70-year-old woman with adenoid cystic carcinoma of the
right soft palate. (a) T2-weighted image shows a well-demarcated, het-

erogeneously hyperintense lesion (arrow). (b) Fat-suppressed
skull often occurs via the facial nerve or the mandibular
nerve; imaging characteristics of the perineural tumor
spread include (a) foraminal enlargement, (b) foraminal

destruction, (c) obliteration of fat planes, (d) nerve

gadolinium-enhanced T1-weighted image shows a homogeneously
enhanced lesion (arrow) with well-delineated tumor borders

gadolinium-enhanced T1-weighted image shows a heterogeneously
enhanced lesion (arrow) without invasive growth

enlargement, (e) nerve enhancement, (f) neuropathic atro-
phy, (g) convexity of the lateral cavernous sinus wall, and
(h) replacement of the trigeminal subarachnoid cistern
with soft tissue [18].



8 Diagnostic Imaging of Salivary Gland Tumors

163

8.8  AcinicCell Carcinoma
Acinic cell carcinoma (AcCC) is a low-grade malignant neo-
plasm. It constitutes approximately 17% of all salivary gland
malignancies, representing the third most common epithelial
malignancy of salivary glands in adults, following MEC and
AdCC [19]. In the pediatric age group, AcCC is the second
most common epithelial malignancy, following MEC. Mean
patient age at presentation is approximately 50 years old and
tends to be younger than for other salivary gland cancers.
AcCC shows a slight female predilection, with a female-to-
male ratio of 3:2. More than 80% of AcCCs occur in the
parotid, and approximately 10% occur in the minor salivary
glands, most commonly in the palate. Less than 1% of
AcCCs arise in the sublingual gland [19]. Bilateral tumors
are unusual but can occur [20]. AcCCs typically present with
slowly growing, solitary, unfixed masses, but a few are mul-
tinodular and/or fixed to the skin or muscle. One-third of
patients experience pain, which is often vague and intermit-
tent, and 5—-10% develop facial paralysis. Although AcCC is
generally not aggressive, with a 5-year overall survival rate
of 90%, it has a significant tendency to recur and produce
metastases to the cervical nodes and lungs. Multiple
recurrence, cervical nodal metastases, and distant metastases
predict poor prognosis.

Gross appearance includes well-circumscribed mass
but lacking a true capsule. The cut surface usually displays

both solid and cystic areas; however, these can be homoge-
neously solid or extensively cystic. While AcCC is defined
as serous acinar cell differentiation, several cell types and
histomorphologic growth patterns are recognized. Variable
cell types include uniform acinar (serous) type cells with
basophilic granular cytoplasm, clear cells (hypernephroid
pattern, contains glycogen or mucin), vacuolated, interca-
lated duct, and nonspecific glandular cells (smaller, syncy-
tial). Variable patterns include solid, microcystic, papillary
cystic (associated with hemorrhage), and follicular growth
patterns.

Typical imaging features of AcCC are well-
circumscribed, solid, or partially cystic lesions with thin
or incomplete capsules (Fig. 8.7). AcCC can be classified
into three categories depending on the morphological
appearance: solid mass, cystic mass, and cystic mass with
a mural nodule. The most frequently observed solid
masses usually include focal hypodense portions, which
correspond to microcyst, hemorrhage, or necrosis on
pathologic examination. On T1-weighted images, cystic
components can appear hyperintense due to hemorrhage.
The signal intensity of solid components on T2-weighted
images varies, reflecting various pathologic conditions.
These imaging characteristics are nonspecific and quite
like benign salivary gland tumors, such as pleomorphic
adenoma, Warthin tumors, basal cell adenoma, and
myoepithelioma.

Fig. 8.7 A 19-year-old man with acinic cell carcinoma of the left parotid gland. (a) T2-weighted image shows a predominantly cystic lesion
(arrow). (b) Fat-suppressed gadolinium-enhanced T1-weighted image shows a well-demarcated lesion (arrow) with extensive unenhanced areas
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Fig. 8.8 A 44-year-old man with secretory carcinoma of the right
parotid gland. (a) T2-weighted image shows a well-demarcated, hyper-
intense lesion (arrow). (b) Gadolinium-enhanced T1-weighted image

8.9  Secretory Carcinoma

Secretory carcinoma (SC), also known as mammary analog
secretory carcinoma, is a newly described entity based on its
resemblance to breast secretory carcinoma. Most cases can
be discovered in archived cases, which had previously been
classified as AcCC or “adenocarcinomas NOS.” It is named
for recapitulation of breast SC, along with shared ETV6-
NTRK3 gene fusion [12]. Given this similarity and in an
effort to standardize nomenclature across organ sites, the
official designation for this entity is now simply ‘“secretory
carcinoma” [12]. SC usually presents in adults and fre-
quently occurs in the fifth to sixth decades. There is no gen-
der predilection, in contrast with the female predilection in
AcCC [21]. Sites of incidence, in descending order, are the
parotid gland (68%), buccal mucosa (9%), submandibular
gland (8%), lower lip (5%), upper lip (4%), and hard palate
(4%) [21]. Although parotid gland is still the most common
site, SC arises in minor salivary sites more frequently than
AcCC [22]. Most cases present as slow-growing, painless,
nontender masses. SC is typically indolent, like AcCC, but it
may show a higher nodal metastatic rate than true
AcCC. Distant metastases are rare. High clinical stage and
high-grade transformation are the main adverse prognostic
factors.

Gross appearance is of a poorly circumscribed solid mass,
occasionally with cyst formation. Microscopically, SC has a
lobulated growth pattern, composed of microcystic and glan-
dular spaces with abundant eosinophilic homogeneous or
bubbly secretory material. They share nearly identical growth
patterns with AcCC, but instead are characterized by the

shows a homogeneously enhanced lesion (arrow) with well-delineated
tumor borders

multivacuolated eosinophilic cytoplasm, often with luminal
and intracytoplasmic mucin and no true zymogen granules.
Papillary cystic architecture is now considered rare in true
AcCC, being far more common in SC.

As with pathological findings, imaging features of SC are
similar to those of AcCC (Fig. 8.8). SC has well-defined
margins and presents as a predominantly cystic mass with
the papillary projection of solid components [23]. Signal
intensity of the cystic components on T1-weighted images is
usually hyperintensity with or without fluid-fluid level for-
mation [23]. Signal intensity of the solid components on
T2-weighted images is variable, appearing to reflect varying
degrees of microcyst formation in tumor cells, desmoplastic
stromal reaction, and cellularity [23].

8.10 Polymorphous Adenocarcinoma

Polymorphous low-grade adenocarcinoma (PLGA), short-
ened to polymorphous adenocarcinoma (PAC), has been the
most contentious entity over the past decade. The term
PLGA was first used to describe an infiltrative salivary gland
tumor with various growth patterns but bland nuclei [24].
The growth pattern and stromal characteristics mimic those
of AcCC and have been histologically challenging to differ-
entiate [12]. Age at presentation typically peaks in the sixth
and seventh decades. Incidence shows a female predilection
with a female-to-male ratio of 2:1 [25]. PACs almost exclu-
sively involve the palate, mainly occurring in the posterior
hard and soft palate. Other intraoral sites include the buccal
mucosa, retromolar region, upper lip, and the base of the
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tongue. Up to 9% of PACs have been reported to originate
from major salivary glands [25]. PACs typically present as
asymptomatic, slow-growing, intraoral masses with various
durations, ranging from a few weeks to 40 years. Bleeding,
telangiectasia, and ulceration of the overlying mucosa may
occasionally be found. Most PACs are indolent, and the
5-year overall survival rate can be as high as nearly 90%;
however, local recurrence rates can reach 10-30% and
regional metastases can reach up to 15%. Distant metastases
have seldom been reported for this condition.

Grossly, this tumor is well-circumscribed but unencapsu-
lated. The presence of central tumor necrosis and hemor-
rhage is rare. Tumor histology is characterized by cytological

uniformity, histological diversity, and an infiltrative growth
pattern. Growth patterns include solid, trabecular, tubular,
cribriform, fascicular, and papillary and are arranged in fas-
cicles with targetoid neurotropism. Tumor cells are mono-
morphic and monotypic with a (terminal) ductal phenotype,
consisting of uniform ovoid vesicular nuclei and scant-to-
moderate eosinophilic cytoplasm.

Although no case series regarding PAC imaging findings
can be found, heterogeneous signal intensity on T2-weighted
images and heterogeneous enhancement on contrast-
enhanced images are usually observed, reflecting histologi-
cal diversity (Fig. 8.9). Pathological growth pattern is
infiltrative, but PAC may appear as a well-circumscribed

Fig.8.9 A 90-year-old woman with polymorphous adenocarcinoma of

the right palate. (a, b) Unenhanced CT images show an ill-defined,
invasive lesion (arrow) with destruction of palatine bone. (c)

T2-weighted image shows an ill-defined, heterogeneously isointense
lesion (arrow). (d) Coronal fat-suppressed T2-weighted image shows
invasion of nasal cavity (arrow)
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mass because of its slow-growing nature over a long time
[26]. As such tumors grow, pressure erosion at the adjacent
palatine bone and extension into the nasal cavity and maxil-
lary sinus can be observed (Fig. 8.9) [27].

8.11 Adenocarcinoma NOS
Adenocarcinoma NOS (ANOS) is a malignant epithelial
salivary gland tumor with ductal or glandular differentiation,
lacking sufficient histological features of currently recog-
nized salivary gland cancers to allow for a more specific
diagnosis. ANOS is usually listed as the fourth or fifth most
common salivary gland cancer, accounting for approxi-
mately 10-15% of all salivary gland malignancies. Peak
incidence is observed between the sixth and the seventh
decades. ANOS shows a clear female predilection with a
female-to-male ratio of 4:1 [28]. More than 50% of ANOS
arise in the parotid gland; 40% arise in minor salivary glands,
occurring most often in the hard palate, buccal mucosa, and
lips. ANOS in the parotid gland usually presents as an
asymptomatic firm or cystic mass, occasionally associated
with pain. Tumor location, histological grade, and clinical
stage are important prognostic factors. Cervical nodal metas-
tases develop in 23% of cases and distant metastases in 37%
of cases.

Gross pathology reveals an irregular and infiltrative
growth pattern with or without areas of necrosis and hemor-
rhage. Microscopically, tumor cells can be cuboidal, colum-

nar, polygonal, clear, mucinous, oncocytoid, and/or
plasmacytoid in morphology and arranged in a variety of
growth patterns with areas of glandular or ductal prolifera-
tion, not resembling any named salivary malignancy [28].
For pathological diagnosis of ANOS, salivary duct carci-
noma, high-grade MEC, PAC, and metastatic adenocarci-
noma should be carefully excluded.

In cross-sectional imaging, ANOS is identified as an ill-
demarcated, invasive, infiltrative mass, reflecting high-grade
malignancies (Figs. 8.10 and 8.11). Cystic components and
non-enhancing areas within the tumor, which are frequently
observed, correspond to necrosis and/or hemorrhage
(Fig. 8.10). Due to high cellularity, the solid components of
ANOS usually show low to intermediate signal intensity on
T2-weighted images (Fig. 8.11).

8.12 Salivary Duct Carcinoma

Salivary duct carcinoma (SDC) is an aggressive and infiltra-
tive epithelial salivary gland malignancy microscopically
resembling high-grade ductal carcinoma of the breast, repre-
senting approximately 10% of all salivary gland malignan-
cies. SDC generally affects the elderly, with a peak incidence
in the sixth and seventh decades There is a male predilection,
with a male-to-female ratio of 2:1. Most SDCs arise from the
parotid gland (83%), and the second most frequent site is the
submandibular gland (12%) [29]. Although a common pre-
senting symptom is a painless mass, SDC exhibits rapid

Fig.8.10 A 61-year-old woman with adenocarcinoma NOS of the left
parotid gland. (a) T2-weighted image shows a considerably heteroge-
neous lesion (arrow) with a mixture of solid and cystic components. (b)

Fat-suppressed gadolinium-enhanced T1-weighted image shows a het-
erogeneously enhanced lesion (arrow) with partially ill-delineated
tumor borders
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Fig. 8.11 A 75-year-old woman with adenocarcinoma NOS of the
right parotid gland. (a) Contrast-enhanced CT image shows an ill-
defined, heterogeneously enhanced lesion (arrow) with invasion of the

growth, pain, facial nerve palsy, and nodal metastasis in a sig-
nificant proportion of cases at presentation [20]. Poor progno-
sis is caused by a high incidence of local recurrence, cervical
nodal involvement, and distant metastasis. The 5-year overall
survival rate is estimated to be between 41 and 55%.

Grossly, SDC is generally a firm, ill-defined mass infil-
trating the surrounding tissue. Fibrosis within hemorrhagic
areas, necrosis, cystic degeneration, and intratumoral calcifi-
cation may all be observed within tumors. Microscopically,
SDC is reminiscent of high-grade ductal carcinoma of the
breast composed of large ducts with comedonecrosis and
pleomorphic, epithelioid cells with a cribriform growth pat-
tern. Although most cases seem to arise from a preexisting
pleomorphic adenoma, de novo cases undoubtedly occur.
Perineural spread is a hallmark of SDC, occurring in more
than half of patients. Lymphovascular invasion with intravas-
cular tumor emboli is another common histological feature.

Due to its high-grade and aggressive nature, SDC has
ill-defined boundaries with infiltration into the surrounding
fat space (Figs. 8.12 and 8.13) [30]. On T2-weighted
images, solid components usually show low to intermediate
signal intensity, and areas of marked hypointensity may be
seen, reflecting the histological feature of a marked desmo-
plastic reaction associated with an infiltrating tumor [30,
31]. As necrosis commonly appears in the form of various
degrees of non-enhancing areas, enhancement patterns are
usually heterogeneous (Fig. 8.13) [31]. CT imaging can
reveal various sizes of intratumoral calcification in 50% of
cases (Fig. 8.12) [31].

surrounding muscle (arrow head). (b) T2-weighted image shows an ill-
defined, heterogeneously hypointense lesion (arrow)

8.13 Epithelial-Myoepithelial Carcinoma

Epithelial-myoepithelial carcinoma (EMC) is defined as a
low-grade salivary gland cancer with expansive borders and
lacking a true capsule. EMC is an uncommon neoplasm,
accounting for <5% of all salivary gland malignancies. The
peak occurrence is in the sixth and seventh decades. There is a
slight female predilection, with a female-to-male ratio of 3:2.
EMC arises most commonly in the parotid gland, but has also
been described in the submandibular gland and minor salivary
glands, including in the oral mucosa and the upper and lower
respiratory tracts [32]. EMCs in the parotid gland usually pres-
ent with painless, slow-growing, multinodular masses which
may be present for several years prior to diagnosis, whereas
those in minor salivary glands can present as ulcerated submu-
cosal masses with ill-defined margins [32]. The 5-year overall
survival rate is 80%. EMCs are typically low-grade tumors;
thus, regional and distant metastases are uncommon. However,
local recurrence after resection is more common.

Grossly, EMC appears as a multinodular, unencapsulated,
and mainly solid mass, although cystic change is noted in
30% of cases. Tumor margins are usually well-delineated but
may be infiltrative. Microscopically, EMC is a prototypically
biphasic tumor, composed of eosinophilic luminal ductal
cells and typically clear, polygonal, abluminal myoepithelial
cells. Given the partial encapsulation and a rounded border,
limited sampling may resemble the appearance of a benign
tumor. Several variants have been described, most notably
oncocytic, apocrine, and high-grade transformed.
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Fig. 8.12 A 71-year-old man with salivary duct carcinoma of the left
parotid gland. (a) Unenhanced CT image shows an ill-defined lesion
(arrow) with calcification (arrow head). (b) Contrast-enhanced CT
image shows a homogeneously enhanced lesion (arrow). (c)

Although no case series reporting EMC imaging find-
ings can be found, EMCs usually appear as well-circum-
scribed masses due to their low-grade nature (Fig. 8.14).
Solid components on T2-weighted images show interme-
diate to high signal intensity, and the enhancement pattern
is usually heterogeneous [33, 34]. On T1-weighted images,
hyperintense areas corresponding to hemorrhagic areas
may be seen [34].

T2-weighted image shows a homogeneously isointense lesion (arrow).
(d) Fat-suppressed gadolinium-enhanced T1-weighted image shows a
homogeneously enhanced lesion (arrow)

8.14 Carcinoma ex Pleomorphic Adenoma

Carcinoma ex pleomorphic adenoma (CXPA) represents an
infiltrative and destructive malignancy, arising in pleomor-
phic adenoma. It constitutes approximately 12% of all malig-
nant salivary gland neoplasms. CXPA arises from
long-standing or recurrent pleomorphic adenoma, with inci-
dence increasing from 1.5% at 5 years to 10% at 15 years. It
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Fig.8.13 A 62-year-old man with salivary duct carcinoma of the right
parotid gland. (a) T2-weighted image shows an ill-defined, heteroge-
neously iso- to hyperintense lesion (arrow). (b) Fat-suppressed

Fig.8.14 A 41-year-old man with epithelial-myoepithelial carcinoma
of the left parotid gland. (a) T2-weighted image shows an ill-defined,
heterogeneously iso- to hyperintense lesion (arrow). (b) Fat-suppressed

is found predominantly in the sixth to eighth decades and is
slightly more common in females, with a female-to-male
ratio of 3:2. CXPA predominantly affects the parotid gland,
but has also been known to manifest in the submandibular
gland and minor salivary glands in the oral cavity, particu-

gadolinium-enhanced T1-weighted image shows a heterogeneously
enhanced lesion (arrow) with central unenhanced area

gadolinium-enhanced T1-weighted image shows a homogeneously
enhanced lesion (arrow)

larly in the hard and soft palates [35]. Although clinical pre-
sentation is usually of an asymptomatic, firm mass and often
similar to pleomorphic adenoma, features of frank malig-
nancy are usually manifested as sudden rapid growth, fixa-
tion, ulceration, facial nerve palsy, and regional
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Fig.8.15 A 46-year-old man with carcinoma ex pleomorphic adenoma
of the right parotid gland. (a) T2-weighted image shows a well-
demarcated, heterogeneously hyperintense lesion (arrow). (b)

lymphadenopathy with a preexisting, long-standing mass.
CXPA prognosis can be predicted based on noninvasive,
minimally invasive, or invasive classification. The 5-year
overall survival rates vary significantly, ranging from 30 to
70%, due to various phases of transformation, histological
subtypes, and tumor extension. Up to 70% of patients will
develop local recurrence and/or distant metastases.

Gross appearance varies, but poorly circumscribed,
infiltrative tumor margins are often observed. The com-
ponents of the underlying pleomorphic adenoma are
grossly visible in most cases, usually as a sclerotic, calci-
fied nodule. Microscopically, CXPA is composed of a
mixture of pleomorphic adenoma and carcinoma. Based
on the extension of the carcinomatous components out-
side the fibrous capsule, CXPA can be subdivided into
noninvasive, minimally invasive, and invasive CXPA. The
most common histological subtype of malignant compo-
nents of CXPA is ANOS; however, AACC, MEC, or SDC
may also occur.

The combination of invasive and encapsulated compo-
nents is a characteristic imaging feature of CXPA [36].
Invasive components have ill-defined margins, central necro-
sis, occasional extraparotid extension, and low to intermedi-
ate signal intensities on T2-weighted images [36]. These are
consistent with high-grade malignancies, whereas encapsu-
lated components are demonstrated as hyperintense masses
with hypointense rims on T2-weighted images, which are
common findings of pleomorphic adenoma [36]. According
to proportions of malignant components, CXPA may have

T1-weighted image shows a homogeneously hypointense lesion (arrow)
with well-delineated tumor borders

several appearances: (1) large pleomorphic adenoma, with
no evidence of malignancy (Fig. 8.15), (2) pleomorphic ade-
noma with a focally aggressive appearance, and (3) entirely
aggressive, with no remaining evidence of a pleomorphic
adenoma (Fig. 8.16). DWI with ADC measurement may
allow differentiation between malignant components and
pleomorphic adenoma within CXPA [37].

8.15 Poorly Differentiated Carcinoma

According to the 4th edition of the WHO classification of
head and neck tumors, poorly differentiated carcinoma
(PDC) of salivary glands, characterized by higher clinical
stage and poorer prognosis, includes undifferentiated car-
cinoma, large cell neuroendocrine carcinoma (LCNEC),
and small cell neuroendocrine carcinoma (SmCC). These
diagnoses can only be made following the exclusion of
metastasis and other primary salivary gland tumors.
Among patients with SmCC of salivary glands, the median
age is 64 years. and there is a female predilection, with a
female-to-male ratio of 2.4:1 [38]. Most tumors occur in
the parotid gland, followed by the submandibular gland.
Most patients present with painless masses which develop
rapidly over several months; some patients experience
facial nerve paralysis. Five-year overall survival rate for
patients with SmCC is 37%; incidence of cervical lymph
node involvement is over 50%, and that of distant metasta-
sis is less than 45% [38].
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Fig.8.16 A 58-year-old man with carcinoma ex pleomorphic adenoma
of the right submandibular gland. (a) T2-weighted image shows a con-
siderably heterogeneous lesion (arrow). (b) Fat-suppressed gadolinium-

Fig.8.17 A 84-year-old woman with small cell carcinoma of the right
parotid gland. (a) T2-weighted image shows an ill-defined, homoge-
neously isointense lesion (arrow). (b) Fat-suppressed gadolinium-

Grossly, poorly defined firm masses can be observed.
Microscopically, both LCNEC and SmCC are high-grade car-
cinomas, characterized by organoid cellular growth with mini-
mal differentiation, high mitotic rates, and necrosis. Ill-defined
margins accompanied by invasion into surrounding tissues are
usually observed in high-grade neuroendocrine carcinoma.

enhanced T1-weighted image shows a heterogeneously enhanced lesion
(arrow) with ill-delineated tumor borders

enhanced T1-weighted image shows a heterogeneously enhanced lesion
(arrow) with ill-delineated tumor borders

Imaging features of PDC are nonspecific and consistent
with those of high-grade malignancy with high tumor cel-
lularity (Fig. 8.17). Relatively large tumors show invasive
and destructive growth patterns, reflecting the aggressive
nature of the tumor. As the tumor grows, extensive necrosis
or hemorrhage can be seen within the tumor.
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8.16 Summary

Although MRI can reveal pathological conditions, radiologi-
cal differentiation of salivary gland tumors is difficult, espe-
cially between benign tumors and low-grade malignant
tumors. However, radiologists may suggest high-grade
malignancies associated with a poor prognosis when MRI
demonstrates ill-defined margins with necrosis, hemorrhage,
or invasion into surrounding tissue. In salivary gland cancers,
MRI also plays an important role in the assessment of tumor
extension for predicting prognosis.
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Diagnostic Imaging of Perineural

Spread

Anthony A. Mancuso

Abstract

Perineural invasion is one of the patterns of often clini-
cally occult spread of head and neck cancer that can take
malignancies far from the site of tumor origin and well
beyond the limits of even the most skilled clinician’s
physical examination. Because of that, perineural spread
substantially affects treatment planning and prognosis.
These patterns were legacy knowledge observed and
described by surgeons, radiotherapists, and pathologists
long before the advent of modern imaging with CT and
MRI. This manifestation of disease spread has now
become routinely ‘“visible” in the treatment planning
phase of medical decision making in the last four decades.
This chapter will explore factors related to pretreatment
diagnostic and surveillance imaging with computed
tomography (CT) and magnetic resonance imaging
(MRI), which have contributed to an extraordinary, now
decades long, outcome improvement in this difficult
oncologic treatment scenario.
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Perineural spread of head and neck cancer substantially
affects treatment planning and prognosis. The clinical envi-
ronment with regard to these impacts has changed vastly
since first introduced to me by two pioneers in the manage-
ment of this disease in the 1970s and 1980s. Paul Ward,
Chairman of Otolaryngology and Head and Neck at UCLA,
used to say, “Whenever I am operating on a patient with ade-
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noid cystic carcinoma, I always know I am cutting across
tumor.” This represented a profound and realistic under-
standing of the reality confronting him and his predecessors
with regard to the dilemma of perineural spread in the earlier
days, of the modern era, and of head and neck cancer treat-
ment. Rod Million, Chairman of Radiation Oncology at the
University of Florida College of Medicine, in the 1980s used
to routinely offer, at our weekly multidisciplinary Head and
Neck Tumor Board, that (paraphrasing) ... “perineural
involvement is a nearly incurable safe haven for cancers” ...
when considering likelihood of ultimate disease control.
These two “truths” of the past continue to remain partially
true; however, there has been much progress in managing
this spread pattern aspect of head and neck cancer, consider-
ably lessening its negative impact on ultimate control rates
alluded to by Dr. Million.

This chapter will explore factors related to pretreatment
diagnostic and surveillance imaging with computed tomog-
raphy (CT) and magnetic resonance imaging (MRI), which
have contributed to an extraordinary, now decades long, out-
come improvement in this difficult oncologic treatment sce-
nario. Other pivotal factors contributing to better outcomes
are the emergence of targeted, aggressive, radiation therapy
techniques and advanced craniofacial/skull base surgery
(now primarily endoscopic and much less morbid than in
that past time) both substantially aided by diagnostic imag-
ing and imaging guidance of these extraordinary surgical
technical/skill advances. The improved outcomes are further
facilitated by ever evolving chemotherapy and targeted
immunotherapy options.

9.1 The Basics: Growth Along Nerves
and Vessels (Perineural

and Perivascular Spread)
The most basic contribution of modern diagnostic imaging in

head and neck cancer imaging, beginning in the late 1970s
with CT and continuing with ever improving capabilities
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with MRI imaging in the 1980s, is the ability of these
advanced imaging modalities to find disease spreading
beyond the limits of the physical examination. This capabil-
ity includes the currently most advanced endoscopic and
physiologic testing procedures so that this spread, beneath
intact mucosa, is not visible to the most skilled endoscopist.
Such diagnostic imaging sometimes even leads to the initial
diagnosis of a completely mucosally or otherwise in-apparent
primary cancer presenting with a cranial neuropathy
(Fig. 9.1). Because of this capability of modern imaging
techniques, critical management options often depend pri-
marily on imaging findings. Those imaging findings some-
times call for confirmation by the advantage of
imaging-guided percutaneous biopsy, when alternative path-
ways of care, influenced by imaging findings, might criti-
cally impact treatment morbidity and/or outcome risk.
Perineural invasion is one of these patterns of clinically
occult disease spread that can take malignancies far from the
site of tumor origin and well beyond the limits of even the
most skilled clinician’s physical examination (Fig. 9.2).
These infiltrative growth patterns, beyond visible mucosal
disease, may follow neurovascular bundles. This is little dif-
ferent from actual “perineural” invasion (PNI) often used as
a representative term for this mode of disease extension. Just
as submucosal tumor spreads along muscle bundles, perineu-
ral/perineurovascular growth can lead to tumor extension
quite remote from the site of primary origin (Fig. 9.2). The

Fig. 9.1 A patient with over a year of chronic, progressive facial pain
with a working diagnosis of trigeminal neuralgia. The patient also even-
tually developed facial weakness. Recent prior outside imaging with
both CT and MRI interpreted as negative. The otherwise occult (non-
palpable) primary cancer in the left parotid gland (T) spread along the
auriculotemporal nerve within the masticator space to access the man-
dibular division of the trigeminal nerve to spread as far proximally as
the foramen ovale/trigeminal ganglion (arrows)

nerves/neurovascular bundles involved can be thought of as
spokes extending peripherally from the hub of the primary
site. The actual nerves/vessels involved depend largely on
that primary site of origin.

For example, mucosal origin head and neck cancers may
spread along the carotid sheath (Fig. 9.3), distal maxillary
and palatine (Fig. 9.4) neurovascular bundles, and the
branches of maxillary division of the trigeminal nerve. A
final common pathway of several of these patterns is to the
central skull base at the pterygopalatine fossa and, eventu-
ally, to the trigeminal ganglion with continued proximal
intracranial spread along the trigeminal nerve (Fig. 9.4) pos-
sible. Alternatively, mucosal or, occasionally, other origin
cancers may access V3 by way of the lingual and inferior
alveolar nerve and reach the trigeminal ganglion by way of
the foramen ovale (Fig. 9.2). Distal involvement ultimately
follows these conduits both centrally and farther distally,
both affecting treatment planning. Spread along the carotid
sheath eventually invades the jugular fossa and/or carotid
canal (Fig. 9.3) and those of the trigeminal branches to the
trigeminal cistern nerve rootlets and beyond. Alternatively,
perineural spread in parotid cancers and cutaneous malig-
nancies follow branches of the cranial nerves V (most com-
monly the auriculotemporal nerve) and VII from their most
distal ramifications (deep to and within the superficial apo-
neurotic system of the face) to as far proximally as the brain-
stem (Fig. 9.1). Moreover, there are situations where these
nerves may communicate with one another as happens
between the facial and trigeminal nerve by way of the greater
superficial petrosal nerve along the petrous ridge and the
facial and auriculotemporal nerve deep in the substance of
the parotid gland (Fig. 9.5). Multiple cranial neuropathies
herald intracranial disease either in the paracavernous region
or orbital apex or disseminated meningeal disease or neuro-
trophic lymphoma.

9.2 Imaging Structural Manifestations

Spread of tumor within or around nerves is sometimes
described as growth in “perineural lymphatics.” In fact,
experimental and autopsy studies demonstrate that the only
lymphatic spaces related to peripheral nerves are in the epi-
neurium. The epineurium is a layer of loose areolar tissue
surrounding nerve fascicles that contains the vasa vasorum
and lymphatics. The perineurium and endoneurium contain
no lymphatics. Since tumor may be found in the epi-, peri-,
and endoneurium, the term “perineural spread” or “perineu-
ral invasion/involvement” (PNI) related to imaging studies
should be used generically to describe spread along cranial
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Fig.9.2 A 12-year-old male presented with a fullness in the right floor
of the mouth. (a) The infiltrating mass in the floor of the mouth spreads
to the adjacent lingual nerve (black arrow). Note that the medial ptery-
goid muscle on the right is partially atrophic compared to the left side.
(b) Continued, clinically occult spread along the lingual nerve on the
right (black arrow). (¢) Perineural spread to the third division of the
trigeminal nerve within the masticator space and atrophy of the sur-
rounding pterygoid muscle group as a secondary change (black arrow).

and peripheral nerves, realizing that the tumor may be in any
of the layers within and outside the nerve. Disseminated
intracranial disease may be with the cranial nerve (truly neu-
rotrophic) and/or leptomeningeal as a corollary pattern.

On CT and MR, perineural spread is often manifest by
obliteration of the tissue (fat) planes around the neurovascu-
lar structures in question. Prime examples of fat planes of
interest more centrally (at the skull base) are those below the
stylomastoid foramen (Fig. 9.5¢) and within the pterygo-
maxillary fossa (Fig. 9.4). More peripherally, loss of tissue
(fat) containing planes around the distal infraorbital nerves
deep to the superficial musculoaponeurotic system (SMAS)
of the face is a reliable indicator of more distal pathologic
perineural spread of cancer (Fig. 9.6).

(d) The perineural spread became transcranial along the third division
of the trigeminal nerve and then following the trigeminal nerve beneath
the petroclival ligament to its root entry zone. Note: The biopsy of the
floor of the mouth mass revealed rhabdomyosarcoma. None of the peri-
neural spread was suspected, and these imaging findings markedly
altered the original plan for gross total resection as a primary treatment
consideration

Enlargement and/or abnormal enhancement of the nerves
(Figs. 9.1,9.2,9.3,9.4 and 9.5), erosion of the bone forming
their exit foramen (Figs. 9.3 and 9.4), and abnormal menin-
geal enhancement (Fig. 9.7) are other important primary and
secondary signs of perineural spread of a benign or, in our
case, malignant tumor. These findings may appear “subtle”
unless anticipated based on knowledge of the natural history
and tendency of these disease patterns as summarized here
(Fig. 9.8). These patterns are legacy knowledge observed and
described by surgeons, radiotherapists, and pathologists long
before the advent of modern imaging with CT and MRI. This
manifestation of disease spread has now become routinely
“visible” in the treatment planning phase of medical decision
making in the last four decades. Careful comparison to the
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Fig. 9.3 A patient with adenocarcinoma of the left submandibular
gland with related level IB lymphadenopathy. Cancer spreads from the
primary along the external carotid artery by way of sympathetic nerves
(black arrow—upper left); (upper right—black arrow) spread of tumor
encases the carotid sheath and continues along the carotid sheath (lower

same structures on the uninvolved side is important for
detecting subtle change. An awareness of the possibility of
such spread in a particular tumor type and/or given primary
site and the patient’s signs and symptoms combined with
anatomic knowledge sufficient for a complete search are all
factors important to accurate diagnosis.

Contrast-enhanced MRI (CEMR) is capable of show-
ing perineural spread better than contrast-enhanced com-
puter tomography (CECT) in many patients, especially

left—Dblack arrow) to finally invade the skull base by way of the jugular
fossa with intracranial intradural spread (lower right—black arrow).
Note: None of the perineural extension was anticipated the time of the
original clinical diagnosis. These imaging findings significantly altered
the treatment plan and substantially worsened prognosis

near and within skull base. A critical factor in the superior
rendering of CEMR is that most of the cranial nerves, and
their major divisions, are surrounded by a plexus of ves-
sels as they pass through their related bony canals and exit
foramina. The resulting perineural enhancement, which is
often asymmetric, is a normal variation (Fig. 9.8) that
should not be mistaken as a reliable predictor of PNI. The
diagnosis of perineural tumor spread on MR and/or CT
can be identified as enhancement of the normal size nerve
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itself or such enhancement combined with nerve enlarge-
ment. Enhancement of a nerve can also be due to inflam-
mation and for that reason is a nonspecific imaging finding
outside of the diagnostic context of known presence or
suspected recurrence of anatomically appropriate primary
carcinoma, sarcoma, or lymphoma.

SMAS and related
anatomy- facial muscle,
infraorbital vessel and
nerve (Vth and Vllth)

SMAS

PPF-max a.

Fig. 9.4 A patient with cancer of the maxillary sinus infrastructure at
its junction with the posterior hard palate. (a) Anatomic whole organ
section, in this case showing the relationship of the posterior superior
alveolar vessels and eventual termination of the greater and lesser pala-
tine neurovascular bundles in the pterygopalatine fossa. It also illus-
trates the relationship between the SMAS layer and distal branches of
the maxillary division of the trigeminal nerve; a relationship to be noted
in conjunction with illustrative cases that follow. (b) Buccal space inva-
sion (white arrows) creates access to the posterior superior alveolar
neurovascular bundles. The greater and lesser palatine neurovascular
bundles are similarly accessed at opening of the eroded, enlarged
greater and lesser palatine distal neural canal (black arrow). (¢) Shows
continued spread along the greater and lesser palatine neural canal on
the left side (white arrow) compared to the normal appearance (white
arrowhead) on the uninvolved side confirming the CT evidence of
involvement of the that neurovascular channel. (d) Continued cephalad

L

Nerve dysfunction does not necessarily imply invasion.
Adjacent tumor can compress nerves while not directly
invading them. An interesting example is compression of
the lower cranial nerves by enlarged retropharyngeal nodes
in nasopharyngeal carcinoma. Compressive nerve deficits
may resolve following radiotherapy, whereas nerves

M.

spread occurs along the posterior superior alveolar neurovascular bun-
dle (arrowheads) as well as the palatine neurovascular bundles reaches
the pterygopalatine fossa (arrow). (e) Continued cephalad spread in the
retroantral fat pad and pterygopalatine fossa to the infraorbital fissure
on the left side (arrow) manifest as obliteration of the fat in that area
compared to the normal right side (arrowhead). (f) CT erosion of the
foramen rotundum manifests mainly as thinning of its border (smaller
white arrow) with the sphenoid sinus (larger white arrow arrow) com-
pared to the mesial cortex of the foramen rotundum (arrowhead) on the
normal side. (g) CEMR was done to determine the proximal extent of
spread. This coronal post-contrast T1-weighted image confirms spread
to the trigeminal ganglion (arrowhead) and second division of the tri-
geminal nerve (arrow) confirming the CT evidence of involvement of
the foramen rotundum and second division of the trigeminal nerve
when compared to these structures on the normal side (black arrows)
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Fig. 9.4 (continued)

invaded by tumor may not recover function so readily fol-
lowing radiotherapy, and in fact, such disease is difficult to
control with radiotherapy. Compression by benign tumors
is probably more likely to resolve than that caused by a
malignant tumor. Atrophy of the end organs/structures
such as muscles of the masticator space or of facial expres-
sion within SMAS and related long-term paralysis will
usually not recover.

9.3 Two General Clinical Scenarios

9.3.1 Skin Cancer

Skin cancer presents typically as a slow-growing mass of
the skin or just beneath the skin surface. Paresthesias and

formications, a crawling feeling under the skin, suggest
perineural spread. This can be an initial presenting com-
plaint but is far more common as a symptom of cranial
neuropathy in the recurrent disease setting. A more overt
cranial neuropathy may be evident. Clinical diagnosis of
recurrent skin cancer in this setting may be delayed
because the treating physicians do not associate the his-
tory of skin cancer with signs of trigeminal or facial nerve
dysfunction. Moreover, the patient may not offer the his-
tory of a treated skin cancer or may not even be aware that
a treated skin lesion was cancer (Fig. 9.9). Such cases
often come to imaging with a clinical suspicion of “tri-
geminal neuralgia” or atypical facial pain. Failure to rec-
ognize the typical patterns of perineural recurrence in this
setting is not uncommon and, unfortunately, can lead to
substantial delay in confirmation of recurrence. Such
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Fig. 9.5 Adult patient reports that presenting with what was called
“Bell’s palsy”’; however, in reality the symptoms were chronic and pro-
gressive loss of facial nerve function. Careful history also showed evi-
dence of progressive right-sided facial pain. Prior outside CT and MR
studies read over several months interpreted as normal. (a) Anatomic
whole organ section demonstrating pertinent anatomic relationships
between the auriculotemporal nerve (ATn), third (mandibular) division
of the trigeminal nerve (V3), and the facial nerve, at this level, within
the fat pad below the stylomastoid foramen (facial). (b) CECT chosen
infiltrating mass within the parotid gland along the expected course of

delay allows the disease to extend more proximally and
increase in volume, both factors considerably increasing
the morbidity of radiotherapy and adjunctive treatments
and clearly worsening the chances of ultimate control of
disease.

Other factors may also contribute to advanced disease at
the time of initial imaging. Patient neglect can also lead to
advanced lesions with perineural spread at presentation. Less
well-differentiated squamous cell cancers and melanoma
may also demonstrate a biologic predisposition to being
“neurotrophic.”

the facial nerve which tracks around the posterior aspect of the man-
dibular on the along the expected course of the auriculotemporal nerve
(arrows) to involve the third division of the trigeminal nerve (arrow-
heads). This spread pattern should be correlated with the anatomy
shown in a. (¢) T2-weighted MRI image showing the extent of the facial
nerve and auriculotemporal/V3 spread as correlated to b (arrows and
arrowheads). The equivalency of signal in the infiltrating tumor to that
of muscle is unusual for epithelial malignancies, and this was eventu-
ally proven to be a primary neurofibrosarcoma of the facial nerve

In skin cancer, a systematic search of the most peripheral
ramifications of the trigeminal and facial nerve to the brain
stem is required. More specific conduits relate to the site of
origin of the primary. The common pathways include the
following:

1. Forehead—V1 branches to supraorbital notch, orbital
apex (Fig. 9.10).

2. Midface—V?2 branches to infraorbital canal to ptery-
gopalatine fossa to foramen rotundum (Figs. 9.4, 9.6,
and 9.8).
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'Y 4
Fig. 9.6 A patient with prior history of treated skin cancer on the left
cheek. Patient had slowly progressive facial pain and formications in
the distribution of the maxillary division of the left trigeminal nerve
present for 2 years. The working clinical diagnosis was trigeminal neu-
ralgia. Repeated outside CT and MR studies shown here were read as

normal over that timeframe. (a) CT study shows infiltration of the fat
pad between the anterior wall of the maxillary sinus and SMAS on the

Fig. 9.7 Two patterns of intracranial expression of spread along cra-
nial nerves in two different patients with disseminated lymphoma. (a)
Neurotrophic lymphoma infiltrates the trigeminal nerves bilaterally
(arrows) and involves the seventh and eighth nerves within the left
internal auditory canal (arrowheads). (b) Leptomeningeal disseminated

left side compared to the right (arrow). (b) A subsequent MRI study,
also interpreted as negative, shows similar infiltration of that fat pad
(arrow) with mesial extension of the abnormal enhancement to sur-
round the distal infraorbital neurovascular structures. Note: These
images should be compared with the normal appearance of these ana-
tomic relationships shown in Fig. 9.4a

lymphoma surrounds lower cranial nerves entering the jugular fossa
(white arrows), spreads along the ependymal of the fourth ventricle
(white arrowhead), and spreads along the pia-arachnoid to involve the
cerebellum (black arrow)
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Fig. 9.8 A patient with skin cancer and minor symptoms suggestive of
maxillary division trigeminal neuropathy on the right. (a) The infraor-
bital nerve is relatively subtly enlarged and enhances abnormally (large
white arrow) compared to the opposite side (small white arrow). (b)
There is subtle abnormality of the maxillary division of the trigeminal
nerve on the right side manifest as irregular enhancement and in dis-
tinctness (large white arrow) especially when compared to the normal
configuration of the maxillary division on the left with a central non-
enhancing nerve surrounded by a normal vascular plexus (small white

3. Periauricular—V3 in masticator space by way of the
auriculotemporal nerve to foramen ovale and facial
nerve proximally to stylomastoid foramen course
through the facial canal segments to the IAC and periph-
erally along the trunk and facial nerve branches in the
parotid and eventually to and along SMAS (Figs. 9.1,
9.2,9.5and 9.9).

The final common pathway for the trigeminal patterns is
to the paracavernous region, trigeminal cistern nerve root-
lets, and then the trigeminal nerve itself to the pons. Facial
nerve spread does not typically go beyond the
IAC. Leptomeningeal and dural dissemination is unusual
(Fig. 9.9).

9.3.2 Mucosal Origin Cancers and/or Those
with Known Neurotrophic Tendencies

A very prevalent failure pattern in mucosal origin head and
neck cancers observed by treating clinicians and patholo-
gists in the “pre-advanced imaging” past has been along the
cranial nerves. An additional logical observation reported
by them was that the involved cranial nerve, at the sites of
recurrence, was the main nerves innervating the original

arrow). Note: This case emphasizes the importance of observation of
relatively subtle findings by way of understanding normal anatomic
variance and comparing side to side especially in patients with high risk
and symptoms even when those symptoms are relatively subtle. Also, it
shows the capacity for potential “skip” abnormalities that may be
detected by imaging and assure more accurate planning of tumor vol-
ume and dosing schedules avoid recurrence related to under dosing of
proximal spread of perineural disease

primary tumor as well as the major adjacent communicat-
ing nerves. This experience, thereby, identified predictable
pretreatment disease spread patterns along the cranial
nerves innervating the primary mucosal site. In aggregate,
this legacy knowledge emphasized the now common aware-
ness that these patterns must to be taken into account when
defining clinical target volumes (CTV) for RT treatment
planning.

For example, all adenoid cystic carcinomas should be
presumed to have a predictable perineural spread risk based
on the primary site and site of origin (Fig. 9.1). However,
any other adenocarcinoma, all squamous cell mucosal ori-
gin cancers, and mucosa-associated lymphoma can follow
this particular tendency for path of spread so that assess-
ment of at-risk areas of perineural spread is dominantly
dependent on the primary site of origin. In the recurrent
setting, when there has been a vascularized free flap recon-
struction, one must also consider the possibility of similar
patterns of recurrence along the free flap vascular pedicle.
In this era of routine posttreatment surveillance, imaging
strategies and interpretation must be inclusive of planning
and awareness that both the standard, generally predicable,
patterns of perineural recurrence and patterns related to the
flap construct are possible and might impact potential sal-
vage therapy options.
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Fig. 9.9 A patient with prior history of treated skin cancer on the right
periauricular region. “Bell’s palsy” was the working diagnosis over sev-
eral years in spite of chronic and progressive loss of facial nerve func-
tion. The first two studies shown in a and b were read as normal
originally. (a) There is abnormal thickening of the facial nerve where it
enters the parotid gland (white arrow). This abnormal thickening
extends from the fat pad below the stylomastoid foramen into the sub-
stance of the parotid gland with subtle evidence of involvement of the
adjacent auriculotemporal nerve. Study was interpreted as normal. (b)

The diagnostic imager must then design a protocol for
each tumor site of origin as well as for surveillance imaging
that will cover the pathways of the neurovascular bundles
known to pass near or through the area of involvement. This
may include something as obvious as a detailed study of the
course of the facial nerve through the temporal bone in parotid
cancers and, perhaps less obviously, a detailed study of the
course of the greater and lesser palatine nerves to the pterygo-
palatine fossa in hard and soft palate cancers. Properly
focused imaging studies can profoundly influence treatment
plans in patients with perineural cancer spread and produce
improved outcomes. Inattention to such focused imaging will
negatively impact outcome. Specific comprehensive proto-
cols for each site are available in other resources.

A CEMR was performed about 1 year later for persistent symptoms.
The abnormal enhancement of the facial nerve at the first genu and in
the fundus of the internal auditory canal (white arrows) was interpreted
as normal even though it was very substantially different from the oppo-
site side in a patient with progressive facial nerve weakness. (¢) A
CEMR was performed another year later for persistent, progressive
symptoms. That study showed extensive progression to widely involve
the temporal bone, adjacent dura, and perineural spread from the IAC to
the surface of the brainstem

9.4 Imaging Modalities

Both CT and MRI can detect perineural spread (Figs. 9.1,
9.2,93,94,9.5,9.6,9.7, 9.8, 9.9 and 9.10). Findings may
be subtle on either exam. CT can be used for screening, but
MRI is more definitive as the disease becomes more proxi-
mal to the central nervous system. This makes MRI often the
most definitive exam for establishing the full extent of imag-
ing detectable disease. MRI also most confidently confirms,
when the MRI study is negative, that the perineural disease,
confirmed in a relevant tissue sample, is only microscopic
and properly classified as subclinical. A “subclinical” desig-
nation of perineural disease also requires the patient to be
asymptomatic for a cranial neuropathy. This is an important



9 Diagnostic Imaging of Perineural Spread

185

Fig.9.10 A patient with previously removed left forehead skin cancer
and abnormal sensation in the distribution of the ophthalmic division of
the trigeminal nerve. (a) Fat-suppressed, contrast-enhanced
T1-weighted MR coronal image shows infiltration of the fat pad around

consideration both with regard to treatment planning and
prognosis. Subclinical disease has a substantially better
prognosis and often will require less risky and less morbid
treatment plans. If tumor fails to enlarge the nerve and/or
causes it to enhance abnormally, microscopic spread remains
possible with its lesser prognostic and treatment planning
implications.

Enlargement and enhancement of inflamed nerves such as
is present in viral neuropathies can mimic tumor involvement
so that the clinical context of a presenting cranial neuropathy
is all important. Infrequently, cancers will initially present
even as an acute or subacute cranial neuropathy as might
some recurrences. The nonspecificity of positive findings for
perineural structural abnormality being present must always
be kept in mind as well as in context.

False-positive readings of perineural disease are also to be
avoided. A rich vascular plexus accompanies the cranial
nerves as they near and course through their exit foramina
and often beyond. Such normal perineural enhancement
must not be misdiagnosed as an abnormality possibly due to
perineural tumor.

9.5 General Treatment Implications

PNI may be incidental or clinical. Incidental PNI is defined
as occurring in asymptomatic patients with microscopic
invasion of the nerve detected only by histopathology.
Clinical PNI includes patients with cranial neuropathy (usu-
ally CN V or VII) on physical examination and/or imaging
evidence of tumor involvement along the tract of a nerve.

the supraorbital neurovascular bundle (white arrow). (b) Fat-suppressed,
contrast-enhanced T1-weighted MR coronal image at the orbital apex
shows infiltration of the orbital apex junction with the anterior aspect of
the cavernous and para-cavernous region (white arrow)

Diagnostic imaging, with focused CEMR and CECT, is used
to detect and define the extent of PNI. Imaging positive PNI
is unusual in a totally symptomatic patient. The presence of
PNI also increases the risk of metastases to the regional
lymph nodes.

Patients with incidental PNI are most often treated with
wide local excision of the primary lesion before the diagno-
sis is established histologically, and they then typically
receive postoperative radiotherapy (RT). Patients with com-
pletely resectable clinical PNI typically undergo surgery fol-
lowed by postoperative RT to reduce the risk of local-regional
recurrence. Patients with incompletely resectable clinical
PNI cancers are treated with definitive RT. It is the last two
circumstances that imaging findings are often treatment
choice determinant. The RT clinical target volume (CTV)
must cover demonstrable disease of the involved nerve to the
base of skull and cavernous sinus. Anticipated subclinical
(imaging undetectable) disease beyond that point must also
be taken into account. Concurrent chemotherapy may be
added, and clinically negative regional lymph nodes should
also be electively treated to avoid the substantial risk of sub-
clinical nodal disease.

CEMR, often complementing an initial diagnostic CECT,
is generally accepted as essential to the workup of a patient
with suspected clinical PNI. MRI is used to detect and
define the most proximal extent of PNI since it is often asso-
ciated with “skip” lesions along the nerve. Such “skip”
behavior significantly increases the risk of a recurrence after
resection even if negative margins are obtained on surgical
pathology. CT may show distal spread more graphically
since it can be performed with 1 mm thick sections and in
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that way as a more definitive spatial resolution with regard
to distal pathways of spread. This spatial resolution advan-
tages further enhanced by the distal course of these nerves
being typically surrounded by fat and providing suitable
contrast resolution.

For all cutaneous squamous cell and basal cell carcino-
mas, a combination of CT and MRI examination might be
necessary to assess the full proximal and distal extent of
perineural disease patients with signs and symptoms sug-
gesting perineural spread with a cutaneous lesion located in
the corresponding CN distribution. Such an approach may
also be necessary in cutaneous lesions when there is histo-
pathological evidence of PNI. A similar combined approach
is frequently necessary for mucosal and other common

malignancies such as parotid cancer, with a similar risk
profile for PNI, as well as for surveillance protocols. MRI
is used in the surveillance setting to determine the proximal
extent of known treated PNI when there is a reasonable sal-
vage option for treatment of recurrence.

Symptomatic but imaging-negative PNI has a relatively
good prognosis after receiving definitive RT alone or com-
bined with surgery. Imaging-positive minimal or moderate
volume, peripheral disease has a better local control rate than
higher volume more central spread. However, there is a simi-
lar survival rate when relatively peripheral, lower volume
PNI is compared to patients with more central higher volume
disease on pretreatment imaging studies.
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Abstract

In current clinical practice, the standard approach for ini-
tial assessment of head and neck cancer (HNC) is clinical
examination followed by neck ultrasound, computed
tomography (CT), and magnetic resonance imaging
(MRI). Compared with these modalities, fluorodeoxyglu-
cose (FDG)-positron emission tomography (PET) may
provide unique information about metabolic characteris-
tics. The abnormal elevation of FDG uptake has been
shown to be specifically induced in tumor cells because of
its low rate of dephosphorylation. Based on this theory,
FDG-PET can be used to detect malignant lesions, differ-
entiate benign from malignant lymph nodes (LNs), detect
the primary site of unknown primary tumors, plan radia-
tion therapy, and detect tumor recurrence after treatment.
In addition, whole-body PET acquisition can be utilized to
provide information about the existence of concurrent or
distant carcinoma. Another advantage of PET is the capa-
bility of robust semi-quantification of metabolic changes
by calculating standardized uptake values (SUV). This
information can be used to predict prognosis or assess
response to therapy. This chapter aims to highlight the use,
benefits, and limitations of PET in HNC.

Keywords

PET/CT - PET/MR - Metabolic tumor volume - Texture
analysis - Therapy assessment - Unknown primary
tumor - Human papillomavirus - Tumor heterogeneity -
TNM staging - Prognostic value

T. Sekine ()
Department of Radiology, Nippon Medical School,
Bunkyoku, Tokyo, Japan

© Springer Nature Singapore Pte Ltd. 2020

10.1 FDG-PET Image Acquisition

10.1.1 Patient Preparation

To enhance sensitivity of tumor detection, it is necessary to
reduce tracer uptake in normal tissue. For that purpose, ade-
quate patient preparation is required [1]. The most important
preparation is fasting with no oral or intravenous fluids con-
taining sugar or dextrose at least 4—6 h before FDG PET. After
injecting FDG, the increased blood glucose directly com-
petes between binding sites and enzymes [2]. In addition,
increased insulin secondary to elevated blood glucose
increases the translocation of glucose transporters, thereby
inducing FDG accumulation to organs with a high density of
insulin receptors (e.g., skeletal muscles) [1]. Although it is a
common misunderstanding, diabetes is not an absolute con-
traindication to an FDG-PET study. Fasting hyperglycemia
does not hamper the clinical value of FDG-PET, although the
clinical recommendation for upper plasma glucose level may
be 200 mg/dL [3]. Nevertheless, the timing of oral or injected
insulin and that of FDG injection should be tailored [3, 4].
Another recommendation is to avoid exercise 24—48 h before
the scan to minimize FDG uptake in skeletal muscle. In the
context of head and neck PET evaluation, avoiding chewing
gum 24 h before FDG injection is also recommended to
reduce the uptake in masticatory muscle [5]. The patients
should be kept warm 30-60 min before the injection.
Particularly in young patients, cold exposure may stimulate
brown adipose tissue located around cervical and supracla-
vicular regions [6].

10.1.2 Scanning Protocols

Among institutions, there still exists some variability in
scanning protocols for PET/CT in HNC. The standard PET/
CT acquisition consists of whole-body PET with “low-dose”
CT scanning for attenuation correction and anatomical ori-
entation. Several attempts have been made to tailor a
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dedicated protocol for head and neck PET [7, 8]. The optimi-
zation of the protocol depends on the characteristics of each
scanner, but it generally applies a high-resolution matrix
(e.g., 256 x 256), dedicates the reconstruction parameter to a
small field of view (FOV; e.g., iteration, subset, and point
spread function), selects a longer acquisition window for
improved signal-to-noise ratio (SNR), uses an arm position
that is not elevated but along the body, and applies delayed
acquisition [9]. A recent study combining these optimiza-
tions reveals that the diagnostic accuracy of dedicated head
and neck PET was significantly superior to standard whole-
body PET in terms of general lesion detectability (almost
twice as many malignancies were detected by dedicated PET
scan) and small LN detectability (dedicated PET scan could
detect LNs larger than 7 mm). In contrast, whole-body PET
can detect LNs larger than 13 mm [10]. As for the CT part,
contrast-enhanced diagnostic-quality CT (ceCT) can be inte-
grated into PET scanning [8, 11]. While, in general, the clini-
cal utility of adding ceCT to PET may be limited, the
simultaneous acquisition of both modalities can be ade-
quately run for the assessment of equivocal lesions, particu-
larly in necrotic LN metastases [12, 13]. Suenaga et al.
evaluated the diagnostic accuracy of PET/CT and PET/ceCT
in 170 patients previously treated for HNC. They concluded
that the added value of ceCT for PET/CT is minimal [14].
Therefore, National Comprehensive Cancer Network
(NCCN) guidelines stated that ceCT may not be necessary as
part of posttreatment PET/CT; if PET/CT results are posi-
tive, then cross-sectional imaging with contrast enhancement
is recommended [15]. Although care should be taken for the
error of attenuation correction derived from ceCT, its effect
is clinically insignificant [16, 17]. In addition, some addi-
tional techniques have been proposed [18]. Weissman et al.
first developed the puffed-cheek technique for CT [19],
which Chang et al. further validated for PET/CT [20].
Following the success of PET/MR with an SiPM detector
(digital PET), commercial PET/CT with SiPM detector (dig-
ital PET) of highly improved sensitivity has currently
become available as a commercial scanner [21-23]. The
increased sensitivity is expected to impact on diagnostic
accuracy.

10.1.3 PET/MR

In the recent years, integrated PET/MR machines have been
developed by several commercial vendors and introduced in
the clinical world [24]. One obvious advantage of the PET/
MR system is lower radiation dose by forgoing CT exposure.
However, this advantage is of limited value in most patients
with HNC who receive radiotherapy. Another advantage is
that the higher soft-tissue contrast than the one offered by CT
may help to better assess the complex anatomy in head and

neck regions. Although this advantage has been proven to be
less prominent than expected in the studies that compared
diagnostic accuracy between PET/CT and PET/MR, the
fused images definitely support better understanding of the
correlation between morphological and metabolic changes in
most situations [25]. For more detail about T and N staging
by PET/MR, please refer to the corresponding chapter.

One of the common drawbacks of the PET/MR system is
the low detectability of lung nodules. Although Raad et al.
reported that FDG-negative lung nodules were shown to be
benign in more than 98%, further evaluation in larger cohort
with HNC should be performed [26]. It also remains to be
fully determined whether there exists a synergy effect of
functional imaging between two modalities (e.g., FDG-PET
and diffusion-weighted magnetic resonance imaging)
(Fig. 10.1). Although the evidence remains inconclusive, the
combination of these two channels of information may be
useful for the clinical evaluation of detailed pathophysio-
logic features or complicated lesions such as those found in
post-radiation therapy [27-30]. In summary, to date, the
cost-benefit of this expensive machine is still controversial
[31]. Synergic combination of PET and MRI information
and appropriate scan workflows should be further developed
[32, 33].

10.2 FDG-PET Image Evaluation

10.2.1 Quantification and Visual Inspection
of FDG Uptake

Generally, the tumor uptake of FDG reflects tumor’s aggres-
siveness with various cellular characteristics, such as histo-
logical grading and proliferative activity [34—36]. Therefore,
to present detailed tumor characteristics, the semi-
quantitative value of FDG uptake known as the standardized
uptake value (SUV) is used in clinical practice. SUV can be
calculated as the normalized concentration of radioactivity in
a lesion. In addition, the SUV normalized by lean body mass
(SUL) may also be calculated [37]. More specifically,
SUVmax, the highest value of SUV in the target tumor vol-
ume of interest, is widely used in clinical practice because it
is easy to measure and objective among readers and soft-
ware. The variability of metabolic activity has been vali-
dated. Hong et al. performed pretreatment FDG-PET scans
separated by 1 week for stages III-IV HNC patients [38].
Their results showed that the calculated repeatability coeffi-
cients for primary SUV max and nodal SUVmax were 18%
and 10%, respectively. This is in line with the PET response
criteria in solid tumors (PERCIST), which define a partial
metabolic response as equal or more than a 30% decrease in
SUV after treatment [39, 40]. The same group also reported
a repeatability coefficient of mean apparent diffusion
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Fig. 10.1 The lymph node metastases adjacent to the prevertebral
muscle were clearly depicted on PET/CT (¢, thick arrows) and PET/
MR (d, thick arrows). On contrast-enhanced CT, it was difficult to com-
pletely rule out prevertebral muscle infiltration (a, thick arrows), which
eliminated the option of surgical resection. Fat was detected between
the tumor and prevertebral fascia on T2WI (b, arrow heads). This find-
ing had high negative predictive value for evaluation of prevertebral
space involvement on MRI. High intensity on echo-planar imaging

(EPI)-diffusion-weighted magnetic resonance imaging (DWI) also
reflected tumor cells (e, thick arrows). However, misregistration on
fused T2WI/DWI images was obvious at tumor margin and cerebellum
because of the distortion on DWI in the anterior-posterior direction (f,
dashed arrows). This figure is referred to “Sekine T. PET+MR versus
PET/CT in the initial staging of head and neck cancer, using a trimodal-
ity PET/CT+MR system. Clin Imaging. 2017;42:232-239.” (Permission
obtained from Elsevier)
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Fig. 10.1 (continued)

coefficient (ADC) of 15% [41]. Another reason for caution
regarding the measurement of SUV is that the value highly
depends on the sensitivity of the scanner and reconstruction
method. To compensate for the variability, quantitative PET
harmonization by applying the optimal Gaussian filtering
has been recommended [42].

The SUV can be used as an imaging biomarker to predict
the prognosis of HNC, especially during the initial staging
[43, 44]. Currently, in addition to SUVmax, there has been
increasing interest in the use of volumetric SUV parameters,
such as MTV or TLG [43, 45]. Although the clear threshold
of tumor burden has not been established, fixed thresholds,
such as SUV over 2.5, 41% or 50% of the maximum pixel
value, or mean liver SUL + 2 or 3 standard deviations, are
recommended [3, 40, 46]. To incorporate these volumetric
parameters into the clinical interpretation of PET/CT, the
practical software to contour the tumor burden should be
widely distributed. Ideally, the harmonization function should
be also launched to compensate for the difference between
PET/CT scanners or reconstruction software updates.

Unlike the clear-cut pretreatment evaluation, posttreat-
ment evaluation using PET/CT is sometimes ambiguous,
with the finding of equivocal to false-positive lesions due to
secondary therapeutic changes [47—49] (Figs. 10.2 and 10.3).
To minimize interobserver variability for these lesions, inter-
pretation criteria for therapy response, such as the Hopkins
Criteria, have been proposed and validated (Table 10.1) [50,
51], the performance of which seems at least comparable to
the SUV quantification metrics [52]. Similarly, a structured
reporting template with standardized criteria for the use of
ceCT with/without PET/CT for HNC patient surveillance
that links categories to further management recommenda-
tions was recently proposed [12, 53, 54]. NI-RADS was
developed following the success of other Imaging Reporting
and Data System cancer surveillance templates (e.g.,
BI-RADS for breast cancer, PI-RADS for prostate cancer,
and LI-RADS for liver cancer), which have already been
incorporated in clinical management [55-57] (Table 10.2).
Establishment of such standardized criteria for HNC may
also help improve communication between radiologists,
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Fig. 10.2 A 43-year-old man with nasopharyngeal carcinoma. The
fused PET images scanned 3 months after the completion of radiation
therapy presented moderate FDG uptake on the primary lesion
(SUVmax 4.38) (a, arrows). Direct inspection by endoscopy identified
the uptake as posttreatment changes. Another 72-year-old man with
hypopharyngeal carcinoma displayed inflammatory FDG uptake

referring clinicians, and/or patients. These standardized cri-
teria do not use the quantification value of SUV, relying
instead on visual qualification (e.g., comparing the radio-
tracer uptake in the target site with that in a reference region,
such as the internal jugular vein or liver) because SUV may
be affected by various biological factors, the scanner and
scan protocol, and the image reconstruction method [1, 37].

10.2.2 Tumor Heterogeneity

It has been found that tumor heterogeneity is associated with
treatment resistance, resulting in worse outcomes in various
malignant cancers, including HNC [58-61]. Although there
are distinct phenomena underlying genetic (at the nm order)
and imaging heterogeneity (mm order), the association
between the two is generally accepted [62]. For example,
hypoxia or hypoperfusion is linked not only to genetic het-
erogeneity but also to tracer uptake heterogeneity on FDG-
PET [63]. One common finding on PET imaging that reflects
tumor heterogeneity is whether the FDG uptake takes a

(SUVmax 4.08) 13 months after the completion of radiation therapy (b,
arrows). As prolonged inflammatory changes with FDG accumulation
are not rare up to 3 months or more after the completion of radiation
therapy, posttreatment PET images should be interpreted with caution.
Assessment of images should be based on the clinical course and other
clinical/imaging findings

sphere-shaped or a ring-shaped appearance (Fig. 10.4).
Koyasu et al. analyzed 108 patients with HNC with the aim
to reveal the prognostic value of PET/CT parameters, includ-
ing SUVmax, MTYV, TLG, and uptake pattern (sphere shaped
or ring shaped) [64]. The results showed that the hazard ratio
of uptake pattern was higher than SUVmax, MTYV, or TLG
using the univariate cox proportional hazard model (9.58
[4.28-21.45] vs. 2.45 [1.12-5.38], 5.81 [2.33-14.52], or
5.54 [2.22-13.81] for disease-free survival, and 18.92 [7.36—
48.62] vs. 5.66 [1.87-17.10], 8.89 [2.58-30.58], or 8.38
[2.44-28.88] for disease-specific survival, respectively).
Similar results were also obtained by Apostolova et al. [65].
As expected, quantitative assessment can reduce interob-
server variability compared to that associated with visual
assessment of tumor uptake heterogeneity [66]. For this pur-
pose, texture analysis has been proposed and validated [67—
71]. A few studies with favorable results already exist, which
used texture analysis for HNC [72-74]. Although it is diffi-
cult to incorporate this complex approach into clinical read-
ing, radiologists should be aware that FDG uptake
heterogeneity is associated with worse outcome.
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Fig. 10.3 An 82-year-old man after surgery and CRT for hard palate
adenocarcinoma. Follow-up imaging after radiotherapy and recon-
struction of the floor of the left orbit, which was infiltrated by the
tumor. An FDG-avid mass was seen in the left orbit above the recon-
structed floor with surrounding stranding of the intraconal and extra-
conal adipose tissue on axial FDG-PET/CT images (a, arrows),
coronal CT images (b, arrow), and coronal FDG-PET/CT images (c,

arrow). Contrast-enhanced fat-suppressed coronal MR images (d,
arrow) and FDG PET/MR images (e, arrow) led to the diagnosis of
myositis of the inferior rectus muscle and no evidence of recurrence.
This figure is referred to “Sekine T. Emerging topics in PET/CT and
PET/MR. Toukeibu Gan. 2018;44:347-352.” (Permission obtained
from Japan Academic Association for Copyright Clearance)
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Table 10.1 Hopkins criteria®

Score 18F-FDG uptake pattern Response category

1 18F-FDG uptake at the primary site and nodes less than IJV Complete metabolic response

2 Focal 18F-FDG uptake at the primary site and nodes greater than IJV but less | Likely complete metabolic response
than liver

3 Diffuse 18F-FDG uptake at the primary site or nodes is greater than IJV or Likely postradiation inflammation
liver

4 Focal 18F-FDG uptake at the primary site or nodes greater than liver Likely residual tumor

5 Focal and intense 18F-FDG uptake at the primary site or nodes Residual tumor

Scores 1, 2, and 3, which represent complete metabolic response, likely complete metabolic response, and likely postradiation inflammation,
respectively, were considered negative for tumor. Scores 4 and 5, which represent likely residual tumor and residual tumor, respectively, were
considered positive for tumor. New lesion would be considered as progressive disease

This table is referred to “Marcus C, Ciarallo A, Tahari AK, Mena E, Koch W, Wahl RL, Kiess AP, Kang H, Subramaniam RM. Head and neck
PET/CT: therapy response interpretation criteria (Hopkins Criteria)-interreader reliability, accuracy, and survival outcomes. J Nucl Med.
2014;55:1411-1416”

Table 10.2 NI-RADS category?

Primary Imaging findings
Category site Neck | Primary site \ Neck Management
Incomplete 0 0 e New baseline study without any prior imaging available AND knowledge Assign score in
that prior imaging exists and will become available as comparison addendum after prior
imaging examinations
become available
No evidence |1 1 * Expected post treatment changes Routine surveillance
of recurrence e Non-mass-like distortion of soft tissues
* Low-density post-treatment mucosal edema
» Diffuse linear mucosal enhancement or FDG
e If residual nodal tissue, no FDG uptake
Low 2a 2 * Focal mucosal enhancement or * Mild/mod FDG in residual nodal 2a: Direct visual
suspicion FDG uptake on initial post tissue inspection
treatment scan * Enlarging or new lymph node
2b « Deep, ill-defined soft tissue, with without definitive abnormal 2b or neck 2: Short
only mild/ mod FDG if PET morphologic features interval follow-up
available * Any discordance between PET and | (3 months) or PET if
e Any discordance between PET CECT: enlarging lymph nodeor scoring on CECT alone
and CECT: discrete CECT discrete neck mass but little to no
abnormality but little to no FDG FDG uptake or focal uptake with no
uptake or focal FDG uptake but CT correlate®
no CT correlate®
High 3 3 e Discrete nodule or mass at the primary site with intense focal FDG uptake Image guided or clinical
suspicion if PET available biopsy if clinically
* Residual nodal tissue with intense FDG indicated
e New enlarged lymph node or enlarging lymph node with abnormal
morphologic features® on CECT only or focal intense FDG uptake if PET
available
Definitive 4 4 » Pathologically proven or definite radiologic and clinical progression Clinical management
recurrence

4Focal mucosal abnormalities have a high likelihood of being treatment related, especially on the initial posttreatment PET/CECT, so that in most
cases, it is prudent to assign a “2a” and let surgeons or oncologists directly inspect. If a more mass-like or nodular mucosal abnormality develops
later in the time course of surveillance, it may warrant a “3”

This guideline for PET and CECT discordance only applies if the original tumor was FDG avid

‘Morphologically abnormal features which are definitive= new necrosis or gross extra nodal extension (ENE) as evidenced by invasion of adjacent
structures

9This table is referred to “NI-RADS category description” in American College of Radiology HP. At NI-RADS page, ACR states that Neck
Imaging Reporting and Data System (NI-RADS) by American College of Radiology is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License. https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/NI-RADs
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Fig. 10.4 A 72-year-old man with squamous cell carcinoma on the
mandibular bone (a, arrows). Ring-shaped tracer accumulation can be
seen on the primary site (b, arrows). The measured SUVmax was

10.3 TNM Staging by PET
10.3.1 Initial Treatment Strategy

An early multicenter prospective study recruiting 71 patients
conducted by Scott et al. concluded that stand-alone PET
study resulted in a change in initial management plans in
33.8% of patients compared to conventional staging proce-
dures including ceCT [75]. Similar results have been obtained
in several later studies. Lonneux et al. performed a multi-
center prospective study in 233 patients with newly diag-
nosed and untreated HNC. Their results show that the PET
results changed the TNM classification of the disease and
altered the management in 13.7% of patients [76]. In the lat-
est multicenter analysis conducted to date, Lowe et al.
recruited 287 participants who were clinically diagnosed as
NO (T2NO-T4NO0) and underwent neck dissection [77]. The
NPV of PET/CT was 0.868 (95% confidence interval [CI],
0.803-0.925) with visual assessment and 0.942 (95% ClI,
0.930-0.953) on applying strict SUV threshold (cutoff 1.8).
The surgical treatment plan was changed in 51 out of 237
participants (22%) after PET/CT examination. These results
suggest that, even in low-to-moderate initial staging, PET/
CT could be useful for clinical management decisions [15].

10.3.2 T Staging

In an early study, Dammann et al. revealed that tumor detect-
ability of primary site by stand-alone PET systems was simi-
lar to MRI [78]. In patients with severe metallic artifact, tracer
accumulation can facilitate tumor delineation compared to
conventional CT (Figs. 10.5 and 10.6) [79, 80]. Consistently

extremely high (24.6). Soon after the scan, chemoradiation therapy was
started. However, 5 months after the scan, the patient died due to dis-
ease progression despite intensive therapy

with these findings, PET/CT can also play a complemental
role for assessment of bone invasion in combination with
MRI [81, 82] because MRI has high sensitivity but moderate
specificity due to inflammatory changes. One common disad-
vantage of PET is poor spatial resolution, which may limit the
detection of small or superficial primary tumors [83].

PET allows biological tumor delineation because FDG
uptake directly reflects biological tumor activity. This char-
acteristic can be utilized to improve the planning of radio-
therapy. Several studies revealed that radiotherapy planning
based on FDG-PET images can improve interobserver vari-
ability and reduce target gross tumor volume compared to
the planning based on CT images [84, 85].

The utility of PET/MR for T staging or resectability has
been demonstrated in several studies with relatively small
sample sizes [86—-88]. PET/MR emerged as the modality of
choice to delineate the tumor margin, particularly in the
regions where the quality of CT images suffers due to arti-
facts, such as dental implants (Figs. 10.5, 10.6 and 10.7)
[89]. In addition, information on tumor resectability, such as
perineural spreading, can be obtained through a combination
of PET and MRI (Figs. 10.8,10.9 and 10.10) [87]. Physiologic
or inflammatory FDG uptake in normal tissue (e.g., palatine
tonsils, vocal cords, and teeth) on PET/CT can also confound
image interpretation [90, 91] (Fig. 10.11), while MR compo-
nents of PET/MR add useful information in these regions.

10.3.3 N Staging

Involvement of LNs is common in patients with
HNC. Especially in patients with clinical NO, the main treat-
ment dilemma is whether to treat the neck or to adopt a wait-
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Fig. 10.5 A 59-year-old woman with recurrent squamous cell carci-
noma of the floor of the mouth. The severe artifacts from dental implants
on CT limited the interpretation of tumor extension (a, arrows). PET
overlay added information about tumor activity (¢, arrowheads); how-
ever, the anatomical information was still limited on these images. In
contrast, on T2WI, an almost continuously defined thin hyperintense
line between the tumor and the prevertebral muscles was seen (b, thin
arrows). With this finding having a high negative predictive value for
the absence of prevertebral invasion, the lesion was correctly diagnosed

as resectable on PET/MR, which was further confirmed by clinical
examination. However, the radical operation was not performed because
the patient had multiple lymph node metastases (arrows on ¢ and d).
PET/MR images simultaneously provided information on tumor exten-
sion and delineation of the interface with anatomical structures (d,
arrowheads). This figure is referred to “Sekine T. Local resectability
assessment of head and neck cancer: Positron emission tomography/
MRI versus positron emission tomography/CT. Head Neck.
2017;39:1550-1558.” (Permission obtained from Wiley)
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Fig. 10.6 A 67-year-old man with mucoepidermoid carcinoma of the
hard palate. The tumor infiltrated the nasal cavity and invaded the infe-
rior nasal concha (b, d, f, and h, thick arrows), while the alveolar part
of the mandible was spared (c, thin arrows). The margin of the tumor
was hard to detect on CT (a, b) and PET/CT (e, f) because of artifacts
from implants (a and b, arrowheads) and low soft-tissue contrast. In
contrast, the margin was easily recognized on fat-sat T2WI and con-
trast-enhanced TIWI (¢, d), and fused PET/MR images (g, h).

Consistent with the imaging findings, the patient was finally diagnosed
as stage T4a, and surgery was performed. The precise detection of local
extension impacted surgical procedure. A subtle FDG uptake on the left
side of hard palate was clinically proven as a physiological accumula-
tion (e and g, dashed arrows). This figure is referred to “Sekine
T. PET+MR versus PET/CT in the initial staging of head and neck can-

cer, using a trimodality PET/CT+MR system. Clin Imaging.
2017;42:232-239.” (Permission obtained from Elsevier)
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Fig. 10.6 (continued)

and-watch policy. CT and MRI for detection of nodal
metastasis have been routinely performed. However, PET
has higher sensitivity and specificity for metastatic nodal dis-
ease compared with CT and MRI (Fig. 10.12). An earlier
meta-analysis across 32 studies (1236 patients in total, with
311 clinical NO patients) conducted by Kyzas et al. revealed
that the PET sensitivity and specificity were 79% (72—85%)
and 86% (83-89%) for the detected nodal lesions [92]. In
this study, the diagnostic accuracy of PET was found to be
superior to other modalities, such as CT, MRI, and ultra-
sound but with overlapping confidence intervals. In the sub-
group of cNO, the results of PET/CT were not satisfactory

(sensitivity and specificity, 0.50 (0.37-0.63) and 0.87 (0.76—
0.93), respectively). Some possible reasons for the relatively
low diagnostic accuracy have been suggested, such as the
close anatomic proximity of the LNs to salivary glands and
other structures with FDG uptake, smaller size of occult
metastases below the spatial resolution of PET/CT, and high
glucose level. Liao et al. also performed a meta-analysis
focusing on diagnostic accuracy for nodal metastasis in
patients with cNO [93]. They concluded that PET had low-to-
moderate sensitivity (0.66 (0.47-0.80)) and was not superior
to other modalities, such as CT, MRI, and ultrasound.
Another earlier simulation study, however, showed that PET
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Fig. 10.7 A 69-year-old woman with squamous cell carcinoma of the
tongue. A pronounced dilatation of Wharton’s duct was observed on
fat-saturated T2WI (a and b, thin arrows). This dilatation was due to
obstruction by the tumor, which was easily recognized on fused PET/
MR images (d and e, thick arrows). This tumor obstruction reflected
invasion of the floor of the mouth. The tumor additionally invaded the
right hyoglossus muscle (a and b, arrowheads). Consistent with the

imaging findings, the patient was finally diagnosed with T4a. The local
extent of the tumor was less obvious on contrast-enhanced CT images
(¢) and PET/CT images (f). This figure is referred to “Sekine
T. PET+MR versus PET/CT in the initial staging of head and neck can-
cer, using a trimodality PET/CT+MR system. Clin Imaging.
2017;42:232-239.” (Permission obtained from Elsevier)
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Fig. 10.8 A 54-year-old man after three cycles of cisplatin-based che-
motherapy for a poorly differentiated nasopharyngeal carcinoma.
Contrast-enhanced CT images in soft tissue window (a) and bone win-
dow (b) showed a mass in the nasopharynx on the right side (a, arrow-
heads) with parapharyngeal infiltration. Sclerosis was seen in the clivus
adjacent to the mass (b, arrowheads). The hypoglossal canal was not
widened (b, arrow). Fused PET/CT image (¢) demonstrated moderate
FDG uptake of the mass (arrowheads), but no increased FDG uptake
within the hypoglossal canal (arrow). Contrast-enhanced T1-weighted

image (d) and fused PET/MR image (e) depicted contrast enhancement
in the right-sided hypoglossal canal (arrows on d and e, respectively),
compatible with perineural spread, which was in continuity with the
FDG-avid mass (arrowheads on d and e, respectively). Perineural
spread was missed on PET/CT, but evident on PET/MR. This figure is
referred to “Sekine T. Local resectability assessment of head and neck
cancer: Positron emission tomography/MRI versus positron emission
tomography/CT. Head Neck. 2017;39:1550-1558.” (Permission
obtained from Wiley)
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Fig. 10.9 A 76-year-old man after surgery and radiotherapy for muco-
epidermoid cancer of the left parotid gland. Contrast-enhanced T1WI
allowed a better conspicuity of the perineural spread along the V3 com-
ponent of the trigeminal nerve through the foramen ovale (b, arrows).

was cost-effective in patients with NO, though the sensitivity
and specificity of PET were determined too high (86.9% and
94.8%, respectively) [94]. The latest multicenter prospective
study from 23 American College of Radiology Imaging
Network-qualified institutions analyzed 270 neck sides from
212 participants clinically diagnosed as cNO [77]. Based on
pathological findings, lymph node metastasis was confirmed
to be negative in 195 necks in 212 patients. The authors
emphasized the presence of a high NPV (0.87 (0.75-0.99))
and the strict criteria with a relatively modern PET system

The spread could be seen indirectly as the dilatation of the foramen
ovale on CT (a, arrows). On fused PET images, the lesion was partially
seen as FDG uptake along the nerve (c and d, arrows)

improved sensitivity (74.7%) but decreased specificity
(64.1%). Extracapsular spread is an indicator of poor prog-
nosis, which has been newly defined as N3b in the latest
AJCC staging system [95, 96]. Although few groups reported
that higher SUV uptake may be indicated to contribute the
differentiation of extracapsular spread similarly to CT or
MRI, standardized criteria have yet to be proven by prospec-
tive study [96-99]. Evidence on the clinical performance of
PET/MR for N staging is still limited. Most studies revealed
that PET/MR has a comparable diagnostic accuracy to that
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Fig. 10.10 An 82-year-old man after surgery and CRT of an adenocar-
cinoma of the hard palate. The slightly enhancing lesion around the
right cavernous sinus was observed on CT (a, arrows). The lesion was
diagnosed as perineural spread and carotid artery invasion, both on
PET/CT and PET/MR. In this lesion, FDG uptake was observed, but
distinction from normal brain FDG accumulation was difficult (d and e,

arrows). This might be a pitfall of PET images. The tissue contrast of
this lesion was clearer on T2WI and ce-T1WI (arrows on b, ¢ and d,
respectively). This figure is referred to “Sekine T. Local resectability
assessment of head and neck cancer: Positron emission tomography/
MRI versus positron emission tomography/CT. Head Neck.
2017;39:1550-1558.” (Permission obtained from Wiley)
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Fig. 10.10 (continued)

of PET/CT, although the image quality was inferior in PET/
MR owing to motion artifacts caused by swallowing and
carotid pulsation [88, 89, 100] (Fig. 10.13).

Familiarity with the drainage pattern of each nodal site
from the primary tumor can improve interpretation in FDG-
PET as well as other modalities [101]. During N staging,
attention should be paid to midline tumor, nasopharyngeal
carcinoma, and epiglottic and oral cavity tumors, because
these tumors frequently have bilaterally drainage pattern
resulting in the contralateral side of metastasis. There are
some limitations associated with PET evaluation. Small or
cystic nodal metastases can be overlooked by PET due to the
partial volume effect (Figs. 10.14, 10.15, and 10.16).
Inflammatory changes can also lead to tracer uptake.

10.3.4 M Staging

Although the reported incidence varies (3.8%—12.0%)
among studies, HNSCC has a low-to-moderate prevalence
for metastasis or concurrent second primary cancer, which
become determining factors in clinical decision-making
[102-106]. The lung (70-85%) is the most common site of
metastasis, followed by the bone (15-39%) and liver (10—
30%) [105]. Consequently, chest radiography and CT screen-
ing are still most commonly used. However, compared with
these conventional modalities, PET has a high diagnostic
accuracy for the detection of metastasis for initial staging

(sensitivity and specificity of chest radiography are 41% and
92%, of chest CT are 74% and 63%, and of PET are 92% and
93%, respectively) (Figs. 10.17 and 10.18) [107].
Additionally, compared with dedicated imaging workup
using multimodal imaging such as chest radiography, head
and neck MRI, and chest CT, PET/CT can detect a signifi-
cantly higher number of metastases at the initial staging
[108]. Kim et al. performed a prospective study with a large
cohort of 740 consecutive patients, in which they compared
chest radiography, head and neck CT, chest CT, and PET/CT
for screening distant metastases and synchronous cancer at
the initial staging [109]. In line with several previous studies,
PET/CT was found to be superior to conventional modali-
ties. Of note, a significant difference in the detection rate
between conventional modalities and PET/CT was observed
only in stage III-IV patients, and not in stage I-II patients.
While this supports a previous NCCN recommendation that
PET/CT should be considered for stage III-1V patients, this
recommendation was already revised at the time of publica-
tion, and PET/CT is now generally considered for all stages
[15, 110].

To reveal the diagnostic accuracy of PET for metastasis
not only at the initial staging but also during follow-up, Xu
et al. performed a meta-analysis of 12 studies between 2006
and 2010 that included a total of 824 patients for initial stat-
ing and 452 for restaging [111]. Of the 1279 eligible patients,
174 (13.7%) had distant metastases or second primary can-
cers. The pooled sensitivity and specificity were 0.888
(0.827-0.928) and 0.951 (0.936-0.963), respectively. In a
more recent study, Gao et al. included 756 patients from 10
studies between 2006 and 2012, all of which performed PET/
CT and not stand-alone PET [112]. Their results showed
high diagnostic accuracy, with a sensitivity and specificity of
0.92 (0.83-0.96) and 0.93 (0.80-0.98), respectively.
Approximately half of the misdiagnoses (false-positives and
false-negatives) were caused by the misinterpretation of lung
lesions. Thus, FDG-PET is the most accurate single whole-
body imaging modality for the detection of distant metasta-
sis and synchronous cancer.

10.3.5 Unknown Primary Tumor

Occult tumors may manifest with metastases to LNs or to
organs, with paraneoplastic symptoms or increased serum
tumor markers. Carcinoma of unknown primary (CUP) is
defined as a metastatic malignancy whose primary site can-
not be detected at the time of diagnosis [113]. CUP ranks
among the top ten cancer diagnoses worldwide, accounting
for 3-5% of all malignant tumors [113, 114]. Prognosis of
patients is generally dismal [113, 115, 116]. Recently, cervi-
cal CUP was defined as a distinct category by the American
Joint Committee on Cancer (AJCC) [117, 118]. In this clas-
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Fig. 10.11 A 50-year-old man with nasopharyngeal carcinoma. CT in bone window, PET and fused images are presented (a, b and ¢). PET/CT
showed nodular FDG uptake around tooth apices on the left side caused by dental infection (b and ¢, arrows)
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Fig. 10.12 A 56-year-old man with hypopharynx squamous cell carci-
noma. Contrast-enhanced CT showed three cervical adenopathies (a, b,
and ¢, arrows). Out of three lymph nodes, two had significant FDG

sification, if there is evidence of either Epstein—Barr virus
(EBV) or HPV histologically, the nasopharyngeal or oro-
pharyngeal classification can be applied. In order to treat
CUP patients appropriately, knowledge regarding the pre-
sumed primary site and coexisting metastatic lesions is
important (Figs. 10.17 and 10.18). Treatment options vary
considerably depending on the primary site and extent of
metastatic spread [115]. Therefore, whole-body imaging

uptake (d and e, arrows), while no uptake was observed in the other
lymph node. This third lymph node was confirmed to be benign during
follow-up (f, arrows)

examinations are considered to be the first choice in the
evaluation of patients with suspected occult malignancies.
In CUP patients, the most prevalent site of occult primaries
is the head and neck region [119], where PET/CT is more
sensitive than contrast-enhanced CT or MR imaging [120],
and PET/CT is considered to have an actual benefit in the
management of CUP [121, 122]. Zhu et al. reported a meta-
analysis covering 7 studies with a total of 246 patients with
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Fig. 10.13 The lymph node metastases were clearly depicted on
contrast-enhanced CT (a, arrows) and PET/CT (b, arrows). However, it
was difficult to point out this lymph node on fat-sat contrast-enhanced

cervical nodal metastases of CUP. The pooled tumor detec-
tion rate, sensitivity, and specificity of PET/CT were 0.44
(0.31-0.58), 0.97 (0.63-0.99), and 0.68 (0.49-0.83), respec-
tively. They concluded that while PET/CT had sufficient
sensitivity to rule out the presence of primary tumor, it did
not adequately detect the primary tumor [123]. Another
recent prospective study, which focused on CUP with cervi-
cal metastases, was conducted by Lee et al. [120]. They pro-
spectively included 56 patients with initially undetected
tumors after endoscopic or physical examination. Altogether,
primary tumors were pathologically detected at 32 sites in
31 patients. The results showed that PET/CT is more sensi-
tive for detection of primary tumors than the combination of
contrast-enhanced CT and MRI (sensitivity and specificity
for PET/CT 69% (51-82%) and 88% (70-96%), respec-

T1WI (c¢) because of artifacts due to the motion and pulsation of arter-
ies. PET-fusion added valuable information on this lesion (d, arrows)

tively vs. 41% (22-61%) and 59% (33-82%) for ceCT
MRI). Recent studies revealed that integrated PET/MR has
equivalent to superior performance for CUP evaluation
compared to that of PET/CT [124, 125]. Due to the signifi-
cantly lower dose of ionizing radiation, PET/MR may pro-
vide benefit for patients who need repeated imaging workup
for therapy monitoring and long-term surveillance. NCCN
guidelines for CUP (not only cervical CUP but whole-body
CUP) concluded that PET/CT may be warranted in some
situations, particularly when considering local or regional
therapy; however, it is not recommended for routine screen-
ing [126]. Meanwhile, NCCN guidelines for HNC recom-
mended that PET/CT scan for head and neck CUP should
only be performed if the other tests do not reveal a primary
tumor [15].
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Fig. 10.14 A 49-year-old man with HPV-associated oropharyngeal the left side (a and b, arrows). In contrast, fused PET-CT showed only
carcinoma (a, b, and ¢, arrowheads). Contrast-enhanced CT and a subtle uptake at the lymph node periphery (¢, arrows)
contrast-enhanced MR presented the necrotic lymph node metastasis on
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Fig. 10.15 HPV-associated oropharyngeal carcinoma (a and b, arrowheads). Fused PET/MR showed almost no avid necrotic lymph node
(arrows). (Courtesy of Dr. Hiillner Martin at the Department of Nuclear Medicine, University Hospital Zurich, Switzerland)

Fig. 10.16 A 41-year-old woman with mucoepidermoid tumor in buc-  surgical resection was performed and the metastasis of mucoepider-
cal mucosa. The contrast-enhanced CT after surgical treatment detected ~ moid tumor was pathologically confirmed. Low concentration of tumor
a slightly contrast-enhanced lymph node adjacent to the submaxillary  cells, which is sometimes observed in mucoepidermoid tumor, was
gland (a, arrows). There was no tracer uptake in this lesion on FDG-  associated with low FDG uptake in this lesion

PET/CT (b, arrows). As the lymph node was growing during follow-up,
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Fig. 10.17 A 69-year-old man with HPV-associated tonsil carcinoma.
T2WI and contrast-enhanced T1WI showed no or only subtle morpho-
logical changes in the tonsil on the right side (a and b, arrows). The
maximum intensity projection (MIP) images of FDG-PET demonstrated
existence of multiple lymph node metastases (¢, arrows), though the

primary site had moderate SUV uptake (SUVmax 6.48) (d, arrows). The
coexisting sarcoidosis made it difficult to assess whether lymph node
metastasis was present in the thoracic area (arrowheads of ¢ and arrows
of e). The follow-up PET/CT after chemoradiation clearly depicted the
metabolic response only in the metastatic lymph node (e and f, arrows)
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Fig. 10.18 A 54-year-old man with unilateral cervical lymphadenopa-
thy. The biopsy confirmed lymph node metastasis of squamous cell car-
cinoma with EBV infection. The initial workup consisting of clinical
examination, CT, and MRI did not find any primary site. Subsequently,
PET was performed. The maximum intensity projection (MIP) images
showed multiple FDG uptakes in lymph nodes on the right side (a,
arrows). Fused PET/CT images demonstrated focal uptake in the naso-

10.4 Patients with HPV Positive
Oropharyngeal Cancer

It has been clarified that HPV-associated HNC is a distinct
category of patients with a favorable prognosis [127-129].
The 8th edition of Union for International Cancer Control
(UICC) TNM staging separately categorized HPV-positive
oropharyngeal cancer as a low-risk stratification. In this cat-
egory, LN staging was generally downstaged (e.g., N2a and
N2b were converted to NI) because patients
with HPV-positive HNC more likely present with advanced
N stage despite favorable outcomes [128]. One of the com-

pharynx (b, arrows). Meanwhile, contrast-enhanced CT showed only
subtle morphological changes in this lesion (¢, arrows). The lymph node
metastasis was clearly depicted on fused PET/CT images (b, arrow-
heads). After the scan, the diagnosis was changed from TO (unknown
primary tumor with EBV infection) to T1 based on the 8th AJCC clas-
sification. Simultaneously, the axillary lymph node was also detected (d,
arrows). As a result, the M staging was upstaged from MO to M1

mon imaging findings in this group is cystic LN metastasis
[130]. This kind of LN may be missed or misdiagnosed by
PET with low-dose CT due to subtle FDG uptake [131], and
in such cases, PET/ceCT or PET/MR can be useful for
detection (Figs. 10.14 and 10.15) [13, 132]. HPV status also
impacts on the ratio and timing of distant metastasis [133,
134]. The HPV-positive HNC generally has low prevalence
of distant metastasis. However, when present, distant metas-
tasis sometimes manifests a disseminating phenotype or
affects multiple organs, which is rarely seen in HPV-negative
patients [135, 136]. As another atypical clinical behavior,
metastasis can also occur later after completion of radiation
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therapy (between 3 and 5 years) [135-137]. Tailored sur-
veillance protocols and clinical interpretations should be
considered based on the natural course of this patient group.

In terms of the quantification of FDG uptake, HPV-
positive HNC may have different characteristics from HPV-
negative HNC. Although there are some discrepancies in the
literature, a trend of lower FDG uptake at the primary site
and higher FDG uptake at LN metastasis was observed in
HPV-positive patients [138—140]. This feature may indicate
that the evaluation of prognosis by using an SUV value (e.g.,
SUV max, SUV peak, metabolic tumor volume [MTV], and
total lesion glycosis [TLG]) should be performed under the
consideration of the HPV status.

The role of posttreatment PET/CT assessment of patients
with HPV-associated HNC was evaluated by Awan et al.
[141]. They retrospectively included 108 patients (68 with
HPV-positive status and 40 with HPV-negative status) who
underwent definitive CRT. The median follow-up was
2.38 years. In terms of PET/CT assessment for the regional
recurrence of HPV-positive patients, NPV was higher, but
PPV was lower compared to that of patients with an HPV-
negative status (100% and 50%, respectively, vs. 88.5% and
72.7%). Despite the good outcome of patients with an HPV-
positive status, the negative posttreatment PET/CT scan status
in this group acts as an independent predictor of recurrence-
free survival (see Sect. 10.5.4 for more detailed studies).
Several clinical trials of RT-dose de-escalation for HPV-
associated HNC have been run [142]. In NRG-HNO002, an
ongoing randomized phase II trial for patients with HPV-
positive status, the predictive value of posttreatment PET/CT
evaluation for locoregional control, and progression-free sur-
vival will be evaluated as a secondary objective, potentially
revealing the different role of PET/CT in this condition [143].

10.5 Implication for Patient Management

10.5.1 Scan Timing for Therapy Assessment

The timing of performing PET/CT is important. Posttreatment
inflammation can yield false-positive results (Figs. 10.2 and
10.3). Ong et al. evaluated diagnostic performance for the
assessment of tumor recurrence after concurrent chemoradia-
tion therapy (CRT) in 65 patients with advanced HNC [144].
Although the sample size was small (7 heminecks had positive
findings), the results showed that PET/CT scans at 8—12 weeks
after treatment have low specificity (33%) and low positive
predictive value (PPV, 14%) compared to the scans after
12 weeks (with specificity and PPV reaching 94% and 67%,
respectively). Subsequent meta-analyses confirmed that a
minimum of 12 weeks after radiation is the optimal duration to
avoid false-positive lesions on PET/CT [48, 145-148]. A
recent study that evaluated the probability of a correct PET/CT
result as a function of the time after the end of CRT concluded

that the probability reached a plateau after 11 weeks [149].
Therefore, the European Association of Nuclear Medicine
(EANM) guidelines recommend that the optimal interval is at
least 10 days for chemotherapy and 3 months after radiother-
apy [3]. NCCN guidelines also recommend that the first PET/
CT scan for follow-up should be performed at a minimum of
12 weeks after treatment to reduce the rate of false-positives.
In the meantime, other modalities may be more useful for the
assessment of treatment response [150-152]. Although early
response assessment with FDG-PET during CRT has been
performed for research purposes, it is still rarely performed in
clinical settings [38, 152—-154].

The use of PET surveillance in patients without clinical
findings suspicious of recurrence is controversial [15, 49].
Abgral et al. prospectively enrolled 91 HNC patients (includ-
ing 5 patients with initial stage I, 18 with stage II, 19 with
stage 111, and 49 with stage IV) without any clinical evidence
of recurrence [155]. PET/CT was performed 11.6 +4.4 months
after the end of treatment. Thirty patients (none with initial
stage I, 6 with initial stage II, 7 with initial stage III, and 17
with initial stage IV) were found to have proven recurrence
and 61 patients to have no recurrence, using histopathology
findings or 6-month follow-up as reference diagnostic. The
findings revealed high sensitivity and moderate specificity of
PET for HNC recurrence (100% and 85%, respectively). In a
meta-analysis, Sheikhbahaei et al. performed a subgroup
analysis between the groups with and without clinical or
imaging (CT or MRI) findings suspicious of recurrence [146].
The pooled sensitivity was subtly lower, but specificity was
higher in the patients with negative suspicious findings of
recurrence compared to the group with positive findings (0.89
[0.78-0.95] and 0.92 [0.86-0.95] vs. 0.94 [0.90-0.96] and
0.78 [0.69-0.85]). The results should be cautiously inter-
preted because of their vulnerability to the risk of selection
bias. The improved specificity in the patients without clinical
findings may be caused by the increase of true-positives in the
lesions considered negative by CT or MRI, not the increase of
true-negatives. In contrast, the improved sensitivity in patients
with clinical findings may be due to the increase in true-neg-
atives in the lesions considered positive by CT or MRI.

Among all instances of recurrence of HNC post-definitive
treatment, 65.4-79% recurrences occur within 1 year and
88.5-95% recurrences occur within 2 years [156, 157].
Therefore, several studies have sought to determine whether
early PET/CT surveillance (e.g., 3 months after treatment) is
sufficient to detect later recurrence. Ho et al. performed a
10-year retrospective analysis of patients with HNC [158], in
which they included 284 patients who underwent PET/CT
3 months after treatment. Among those with negative 3-month
imaging, 175 had PET/CT 12 months later. Of those with nega-
tive findings both at 3- and 12-month PET/CT scans, 77 had
24-month PET/CT examination. The results show that
12-month PET/CT detected only 2% of locoregional recur-
rence and 24-month PET/CT did no locoregional recurrence.
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In terms of distant metastasis, 12- and 24-month PET/CT
detected 6% and 4% of distant metastasis, respectively, after a
negative 3-month PET/CT. However, PET/CT-detected recur-
rence between 3 and 24 months did not contribute to improving
disease-free survival or median survival compared to clinically
detected recurrence over the same duration. Spector et al. also
revealed a similar finding that PET-based detection of distant
metastasis did not improve life expectancy compared to other
imaging (chest X-ray or CT)-based detection [159]. McDermott
et al. sought to clarify how many PET/CT surveillance scans
were efficient [160] by recruiting 512 patients who underwent
consecutive PET/CT scans for surveillance purposes. Restaging
PET/CT scans were excluded. The surveillance scans were per-
formed 2, 5, 8, and 14 months after therapy. The results showed
that the negative predictive value (NPV) of the first surveillance
was high but insufficient (91%). However, two consecutive
PET/CT scans with negative findings scored sufficiently high
NPV (98%), suggesting that further PET/CT surveillance is
wasteful. Another study recruiting 88 patients also showed that
95% of asymptomatic recurrences were detected within
24 months after treatment, indicating PET/CT surveillance
beyond 24 months may not be cost-effective [157]. Based on
the aforementioned studies, routine PET/CT surveillance
should be discouraged, and NCCN guidelines do not recom-
mend repeated PET/CT for asymptomatic patients who have
completed initial treatment and had one negative baseline scan
[15, 49, 161]. However, in the real world, most physicians per-
form routine surveillance PET/CT [161]. There are several
conceivable causes for this discrepancy. Physicians may not be
aware of the lack of supportive survival data, they may remain
optimistic about improved outcomes based on their personal
experience, they may respond to patients’ expectations, or they
believe the importance of reassurance provided by a negative
scan [161, 162].

Finally, several current studies have revealed that HNC
cases positive for human papillomavirus (HPV) display dif-
ferent posttreatment changes in terms of FDG accumulation.
Therefore, tailored PET/CT surveillance protocols with dif-
ferent timings may be needed (See Sect. 10.4).

10.5.2 Prognostic Value of Baseline FDG-PET

There have been several studies confirming that FDG avidity
on pretherapy FDG-PET can be used to stratify survival out-
comes in patients with HNC [163, 164]. Recently, to evaluate
the performance of PET-based prognostic prediction, Pak
et al. conducted a systematic review including 1180 patients
from 30 studies [165]. They revealed that patients with higher
volumetric parameters, MTV and TLG, had a higher risk for
both recurrence (hazard ratio, 3.06 [2.33—4.01] and 3.10
[2.27-4.24]) and death (hazard ratio, 3.51 [2.62-4.72] and
3.14 [2.24-4.40]). They also conducted a subanalysis compar-
ing the prognosis-predicting performance of SUV,,,,, MTV,

and TLG. Although it was not a direct comparison between
the metrics, the hazard ratio of SUV,,,,, was lower than that of
the volumetric metrics (1.83 [1.39-2.42] for recurrence and
2.36 (1.48-3.77) for death). This result was confirmed by
other meta-analysis studies as well [166, 167]. In one of these
two studies, the authors revealed that the prognostic value of
SUV,..x for event-free survival and overall survival was sig-
nificantly different between nasopharyngeal carcinoma (NPC)
and non-nasopharyngeal carcinoma (non-NPC) (2.36 [1.41-
3.97] vs. 1.67 [1.29-2.18] for event-free survival and 2.41
[1.24-4.65] vs. 1.07 [1.01-1.13] for overall survival) [167]. In
the other study, the authors highlighted that MTV was superior
to the 7th AJCC TNM staging for predicting disease-free sur-
vival and overall survival [166]. This superiority may be par-
tially derived from the fact that the 7th AJCC TNM staging did
not consider HPV status, which affects not only the prognosis
but also the accumulation pattern of PET. Over the last decade,
a vast number of studies have investigated the prognostic value
of PET incorporating the HPV status [73, 168—171]. Although
the results are contradictory among studies, there is indication
that PET parameters tend to predict prognosis for non-HPV
HNC, but not for HPV-related HNC [168, 169, 172].

10.5.3 Prognostic Value of Intratreatment or
Posttreatment FDG-PET

Metabolic information, as provided by intratreatment
(interim) PET or posttreatment PET, can predict the treatment
response of initial therapy (Fig. 10.19). Sheikhbahaei et al.
performed a meta-analysis which focused on predicting prog-
nosis through intratherapy or posttherapy PET [173]. From
26 studies, 600 patients were included for the evaluation of
overall survival and 479 for event-free survival. The results
revealed that positive findings on intratreatment or posttreat-
ment PET presented an increased risk with a hazard ratio of
3.55 (2.55-5.37) for overall survival and 4.73 (2.61-8.56) for
progression or recurrence. The risk-ratio analysis also proved
that a positive PET finding was associated with an increased
risk of death not only within 2 years of follow-up (6.19 [3.04—
12.62]) but also within 3-5 years of follow-up (2.42 [1.76-
3.32]). In a subgroup analysis, the effect of the timing of PET
evaluation on the prediction of prognosis was estimated
(interim versus posttreatment, or before versus after 12 weeks
from completion of treatment). Posttreatment evaluation
tended to be superior to interim evaluation. Likewise, PET
evaluation 12 weeks after the completion of radiation had a
higher predictive value than that at 12 weeks prior, although
the difference was not significant. More specifically, another
systematic review focusing on the prognostic value of interim
PET by Garibaldi et al. [153] included 533 patients from 23
studies. The authors concluded that posttreatment PET had
greater prognostic power than interim PET, but the possibility
to adjust the treatment strategy based on interim PET as an
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Fig. 10.19 A 54-year-old man with unilateral cervical lymphadenopa-
thy (a, arrows) (same patient as in Fig. 10.18). After the initial workup
including PET/CT, first-line chemoradiation therapy was performed.
Two months after the induction of first-line therapy, intertreatment
PET/CT was performed for the evaluation of treatment response. The
SUV uptake of the tumor site decreased significantly (b, arrows). Based

early assessment had much greater clinical relevance. More
recently, another systematic review by Martens et al. [152]
including 17 studies revealed that SUV . can be used as a
predictive value, with a pooled hazard ratio of 2.32 (1.39—
3.87) for locoregional failure and 2.59 (1.64-4.12) for overall
survival. TLG can also be used as a predictive value, with a
pooled hazard ratio of 5.68 (2.86-11.31) for locoregional
control and 3.04 (1.70-5.42) for overall survival. Nonetheless,
the research designs in these reviews were widely heteroge-
neous (e.g., scan timing, treatment strategy, and methodology
of assessment). The ongoing prospective multicenter study,
TEmPoRAL (Positron Emission Tomography (PET) During
Radiochemotherapy to Treat Otorhinolaryngological Cancer,
ClinicalTrials.gov NCT02469922), has been designed to
enroll more than 100 patients undergoing interim PET once
or twice and use a standardized evaluation. The prognostic
value of pretreatment, interim, and posttreatment PET for
locoregional relapse will be evaluated after trial completion
(due in November 2020).

on these findings, the same regimen of chemoradiation therapy was
continued. Four months after intertreatment PET, PET/CT was per-
formed again. The images demonstrate FDG-avid lymph-node recur-
rence, indicating the failure of the first-line treatment (¢, arrows).
Immediately after the scan, the second-line chemotherapy was inducted

10.5.4 PET/CT Evaluation for Residual Nodal
Disease After CRT

Radiation, or chemoradiation, has become the initial treatment
of choice for patients with HNC. After primary treatment of
patients with advanced nodal disease (N2 or N3), image-
guided decision-making for further surgery (i.e., neck dissec-
tion) is generally recommended [15]. A high NPV of
posttreatment PET/CT can be utilized to safely avoid unneces-
sary neck dissection. Mehanna et al. published the results of
the prospective, randomized, and controlled PET-NECK trial,
which recruited 564 patients from 37 centers in the United
Kingdom who underwent primary CRT [174]. In the trial, half
of the patients were assigned to the planned-surgery group and
the remaining to the PET/CT-guided surveillance group. There
was no statistical difference in survival between the two
groups, even after adjustment for HPV status during the fol-
low-up phase (with a minimum duration of 24 months and
median of 36 months). The surgical complications of delayed
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neck dissection in the surveillance group were not more fre-
quent than those in the planned-surgery group. In the surveil-
lance group, approximately 80% of patients were considered
safe for neck dissection, resulting in saving 2190 U.S. Dollars
per patient [175]. The authors, however, indicated that PET/
CT-guided surveillance offers further room for improvement
in clinical management, as the persistence of post-CRT nodal
FDG accumulation in HPV-positive patients may cause false-
positive results. Helsen et al. evaluated the diagnostic accuracy
of the current PET/CT system in detecting nodal disease
within 6 months after treatment by including 1293 patients
from 20 studies [176]. The pooled estimated sensitivity and
specificity were 85% (76-91%) and 93% (89-96%), respec-
tively. They revealed that the diagnostic performance was
lower in patients with HPV-positive status than in those with
HPV-negative status (sensitivity and specificity, 75% vs. 89%
and 87% vs. 95%, respectively). HPV-positive lesions are con-
sidered more sensitive to radiation than HPV-negative lesions
[177]. Therefore, delayed regrowth of the persistent tumor
cells after radiation may cause false-negative results at the first
PET surveillance [176]. In terms of lower specificity, intratu-
moral T-cell-based antitumor immune response may lead to
prolonged secondary inflammatory changes in the treated LNs
[127, 176]. In a study evaluating the temporal change of LN
metastasis following treatment, LN size regression was more
prolonged in patients with HPV-positive status than in patients
without HPV-positive status [178]. Interestingly, the LN
regression curve was not separate between both groups until
12 weeks. Therefore, to overcome the low specificity for LN
detection in HPV-positive patients, Liu et al. performed repeat

PET/CT at 16 weeks to assess the persistence of findings with
tumor uptake on 12-week PET/CT in a study that retrospec-
tively included 342 consecutive patients with HPV-associated
HNC [47]. Out of 342 patients, 41 showed incomplete
response by PET/CT examination at 12 weeks. In this setting,
NPV was high, but PPV was low (98% and 12%, respectively).
If the patients with stable FDG avidity between 12 and
16 weeks were assigned into the local failure group, repeat
PET/CT excluded 32 patients (78%) from unnecessary sur-
gery despite a low PPV (50%). Notably, the PET-NECK trial
already confirmed the benefit of 12-week PET/CT surveil-
lance in patients with HPV-positive status despite the draw-
back of PET assessment described above [174]. In some
patient groups (elderly, poor performance status, comorbid-
ity), chemotherapy is not suitable, and only radiotherapy is
performed. The high NPV of PET/CT for residual nodal
detection was also confirmed in patients who underwent defin-
itive radiotherapy without chemotherapy [179].

10.5.5 Surveillance Following Definitive
Treatment of HNC

Early detection of recurrent disease or second primary
tumors is of paramount importance for early salvage treat-
ment, which potentially results in survival benefit [180].
Although conventional imaging modalities such as CT and
MRI are mainly used for this purpose, their detectability is
affected by morphological changes caused by surgery or
radiotherapy [181] (Fig. 10.20). As PET is capable of captur-

Fig. 10.20 A 72-year-old man after surgery and 21 months after CRT
for epipharynx SCC. The skull base bone was heterogeneous on CT,
fat-sat T2WI and contrast-enhanced TIWI (a, b, and ¢, arrows).
These findings were potentially indicative of recurrent SCC and skull
base invasion. Meanwhile, fused PET images showed that there was

no FDG uptake in the lesion (d and e). As a result, tumor recurrence
was definitely ruled out. This figure is referred to “Sekine T. Emerging
topics in PET/CT and PET/MR. Toukeibu Gan. 2018;44:347-352.
(Permission obtained from Japan Academic Association for Copyright
Clearance)
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Fig. 10.20 (continued)

ing tumor metabolic changes, it is considered as one of the
most accurate modalities available for differentiating recur-
rent diseases from posttreatment changes [182]. In a meta-
analysis, Gupta et al. recruited 2335 patients from 51 studies
between 1990 and 2010 [48]. Stand-alone PET scans were
also included. In the patient group scanned for more than
12 weeks posttreatment, the pooled sensitivity and specific-
ity for the primary site were 91.9% [82.7-97.1%] and 86.9%
[82.8-90.4%], and those for the neck nodes were 90.4%
[79.6-96.6%] and 94.3% [91.6-96.3%], respectively. A
recent meta-analysis conducted by Wong et al. recruited

2627 patients from 24 studies between 2010 and 2016,
reflecting current PET/CT technology and recent advances in
HNC management [148]. The sensitivity and specificity of
PET/CT detectability for local failure were 85% [79-90%]
and 92% [90-94%], respectively. The diagnostic accuracy
was significantly improved in PET/CT after 3 months com-
pared to that before 3 months (with a sensitivity and specific-
ity of 87% and 93% vs. 60% and 84%, respectively). These
results are in line with those of other earlier meta-analyses
[48, 145—-147]. The clinical performance of PET/MR for sur-
veillance was also evaluated by Queiroz et al., who
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prospectively included 87 patients who underwent both PET/
ceCT and PET/ceMR for restaging/follow-up of HNC [89].
Their results showed that both PET/CT and PET/MR had
superior diagnostic accuracy to ceCT or ceMR, but the diag-
nostic accuracy between PET/CT and PET/MR did not differ
(sensitivity and specificity of 63.9% and 96.3% for ceCT,
62.9% and 96.7% for ceMR, 85.7% and 92.7% for PET/
ceCT, and 85.7% and 93.9% for PET/ceMR, respectively).
The authors presented two main advantages of PET/MR over
PET/CT for the evaluation of oropharynx regions. First,
PET/MR can eliminate implanted metal artifacts better than
that by PET/CT (Figs. 10.5 and 10.6). Second, PET/MR can

perform a detailed evaluation of the perineural spread
(Figs. 10.8, 10.9 and 10.10). These advantages were also
confirmed by other studies [87, 88]. Meanwhile, inferior
image quality of PET/MR in hypopharynx/larynx regions
was observed due to the motion artifact with swallowing or
carotid pulsation (Fig. 10.13). Additionally, it was occasion-
ally difficult to distinguish postradiotherapy osteo/cartilage
necrosis after radiation therapy from the tumor recurrence.
There was a significant overlap in the SUV,,,, between these
two groups. Although CT and MRI do provide additional
information, pathological confirmation is essential in com-
plicated cases [27, 87, 183] (Fig. 10.21).

Fig.10.21 A 62-year-old man with supraglottic laryngeal SCC. Images
were obtained 7 years after radiation therapy. CT showed an irregular
calcification (a, thin arrows) and erosion (a, thick arrows) of the left
thyroid cartilage lamina. Hyperintensity was noted on fat-sat T2WI (b,
arrows) and on contrast-enhanced TIWI (¢, thin arrows). Corresponding
to the bone erosion on CT (a, thick arrows), fused PET images demon-
strated focal uptake in the thyroid cartilage (d and e, arrows). This find-
ing indicated potentially recurrent SCC with cartilage invasion.

Pronounced soft tissue swelling might be an imaging sign of radiation
necrosis (¢, arrowheads). However, one would expect FDG positivity
with tumor recurrence. There was no air deposit around this lesion.
Biopsy of this lesion confirmed radiation necrosis without evidence of
malignant cells. This figure is referred to “Sekine T. Local resectability
assessment of head and neck cancer: Positron emission tomography/

MRI versus positron emission tomography/CT. Head Neck.
2017;39:1550-1558.” (Permission obtained from Wiley)
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Fig. 10.21 (continued)

10.6 Summary

FDG-PET is useful in HNC for initial evaluation, prognosis
prediction, therapy response assessment to avoid unneces-
sary planned neck dissection, and surveillance. The newly
developed PET/MR may enhance this advantage, though its
evidence is currently limited. Presently, interim PET or rou-
tine surveillance is not encouraged in asymptomatic patients.
Future research is needed in the field of standardized inter-
pretation (especially in patients after the competition of
chemoradiation), tumor heterogeneity evaluation by PET,
and the utility of PET in HPV-associated HNC.
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