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Abstract

Radiology has an essential role in diagnosis, staging, and management in all subspecialties related to oncology.
It has a broad utility from its use as an initial screening tool for cancer detection, followed by staging and surveillance
of disease as well as the delivery of appropriate treatment regimens.

In order to plan a treatment, the use of different modalities of radiological imaging are a key factor for pre-treat-
ment planning and staging of the extent of disease in accordance with tumor-node-metastasis (TNM) system for highly

conformal treatments, such as brachytherapy (BT).

In this work, we present an overview of main modalities of imaging and principles of their application especially in
head and neck cancer, with its diagnosis, treatment, follow-up with post-treatment changes, and overall management.
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Purpose

Head and neck cancer (HNC) is a general term with
variety of subsites, such as oral cavity, sinuses, salivary
glands, oropharynx, nasopharynx, hypopharynx, and lar-
ynx. These neoplasms account for 5% of cancers world-
wide and are the 5™ most common cancer condition [1].
Many skin cancers also present at head and neck sites,
with basal cell carcinoma as the most common form, fol-
lowed by squamous cell carcinoma, and melanoma.

The use of brachytherapy (BT) has an essential role
in the management of HNC due to its ability to deliver
highly conformal radiation dose to the target area while
minimizing treatment-related side effects, reducing mor-
bidity, and improving function and cosmesis [2]. In HNC,
BT has an established role in definitive and post-opera-
tive settings, in loco-regional recurrence, and in palliative
cases. In a more advanced disease, BT treatment is often
combined with external beam radiotherapy and systemic
anticancer treatment (SACT), which can improve overall
survival outcomes.

In order to plan a treatment, the use of different mo-
dalities of radiological imaging are a key factor for pre-
treatment planning and staging of the extent of disease in
accordance with a tumor-node-metastasis (TNM) system
for highly conformal treatment, such as BT. In this work,

different modality choices are explored for each head and
neck cancer subsite, along with their role in the treatment
and overall management. This is an educational article in-
tended to provide an overview of principles in head and
neck imaging in general settings. The use of head and
neck imaging in specific radiotherapy indication, such
as imaging-based catheter verification in BT, are above
the scope of this article, but are planned for subsequent
follow-up papers.

Imaging modalities in head and neck cancer
Contrast-enhanced computed tomography

Computed tomography (CT) is widely used in oncol-
ogy and can be applied to assess primary site of head and
neck cancer, nodal disease, and staging as a part of the
established TNM staging system.

The use of thin-slice high-resolution image acquisition
allows for good quality, multiplanar reconstructed images
for anatomy demonstration and treatment planning. Mod-
ern helical multidetector CT slice thickness is dependent
on the type of scanner; however, collimation of 1-1.5 mm
is generally used with a field of view of 16-20 cm. Multi-
planar images are reformatted at 2-3 mm thickness and in
some situations, high resolution sections can be acquired
as low as 0.625 mm based on scanner capability.
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These images are obtained under spiral technique,
following injection with an intravenous contrast medium,
and the use of dynamic acquisition allows up to eight im-
ages to be obtained per second [3,4]. Iodinated contrast
and a long bolus technique can be applied, for example,
100 ml of Omnipaque 300° at 1 ml/s, with the commence-
ment of imaging at 90-100 seconds [5]. Occasionally, CT
neck angiograms in arterial phase can be performed us-
ing a bolus triggered technique. This may be of use in as-
sessing the caliber and patency of carotid vessels, along
with evaluating the nature of highly vascular tumors.

When compared to magnetic resonance imaging
(MRI), CT can provide an excellent assessment of the in-
frahyoid neck, minimizing any artefact movement due
to its rapid acquisition time. It can provide an improved
assessment of bony cortex, cartilage involvement, and
calcification. At the same time, it can concurrently as-
sess the thorax for paratracheal and upper mediastinal
lymph nodes, lung metastases, or synchronous primary
lung lesion.

A few disadvantages of CT compared to other mo-
dalities of imaging include radiation dose burden, risk of
contrast-induced nephropathy, and artefacts secondary
to dental amalgam/orthopedic prostheses.

The average dose of a CT neck with IV contrast is
3.9 mSv [6], and for CT Thorax - 8 mSv [7]. This is com-
pared to the average background radiation exposure of
a person to 2.2 mSv per year in the UK and 6.2 mSV per
year in the USA [8].

Omnipaque 300 Mg lodine® is commonly used as
the iodinated intravenous contrast medium to highlight
blood vessels and to enhance soft tissue structures. In the

absence of a contrast, it can be difficult to depict abnormal
soft tissue and detect pathological lymph nodes, particu-
larly throughout the neck and those within close proxim-
ity to vascular structures. However, a non-contrast scan
may still be of benefit as a gross assessment of soft tis-
sue density, detecting calcification, measurement of large
neck nodal masses, in the early detection of lung nodules,
and assessing background diffuse/chronic lung disease,
wherever appropriate.

There are contraindications to iodinated contrast use,
which include severe renal disease (estimated glomerular
filtration rate — eGFR < 30 ml/min/1.73 m?), acute liver
disease, asthma, thyroid disease, dehydration, sickle cell
anemia, seizures, and pheochromocytoma and allergies
to contrast [9].

Barium-based contrast agents are less frequently used
as a method of oral contrast for the assessment of gastro-
intestinal tract. However, compared to other modalities,
CT has advantages in being a readily available source of
imaging and provides a rapid image acquisition time,
which is ideal for patients with difficulties in swallowing,
breathlessness, and with a poor ability to lie flat. Example
of contrast-enhanced CT neck is presented in Figure 1.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) can assess path-
ological processes down to a molecular level due to its
ability to manipulate the spin of protons. Based on this
principle, it provides superior soft tissue contrast com-
pared to other modalities, becoming suitable for assess-
ing deep infiltration of the primary tumor and separation

Fig. 1. Contrast-enhanced CT neck scan demonstrating malignancy of the hypopharynx. A) Sagittal view and B) axial view.
A) Sagittal CT imaging shows enhancing infiltrating soft tissue thickening, along with the post-cricoid posterior hypopharyn-
geal wall, with extension above and below the vocal cords. B) Axial CT imaging shows that at the level of the false vocal cords,

there is heterogeneously enhancing bulky soft tissue in the posterior hypopharyngeal wall, with extension and infiltration into

the paraglottic fat anteriorly
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of oedema from tumor infiltration [10]. It can also pro-
vide assessment of bone marrow invasion and regional
nodal disease. This is the preferred modality for local as-
sessment of suprahyoid neck that include nasopharynx,
sinuses, oral cavity, and oropharynx.

T1-weighted sequences provide excellent anatomical
assessment due to increased conspicuity of fat planes,
bone marrow signal, and visible lymph node capsule. Us-
ing the principle of delineating fat planes, it provides op-
timal evaluation of the nasopharynx, parapharyngeal fat
plane, floor of mouth, oropharynx, pre-epiglottic space,
and false vocal cords. High/bright T1 signal is caused
by fat, subacute blood products, such as methemoglobin,
slow-flow blood, melanin, protein rich fluid, paramagnet-
ic substances (iron, ferritin, hemosiderin, melanin), and
occasionally calcification. Low/dark T1 signal is caused
by fluid, air, hyperacute hemorrhage, densely calcified/
osseous lesions, fibrous tissue, and vascular flow voids.

T2-weighted short-tau inversion recovery (STIR) se-
quences are particularly of value in characterizing soft
tissue and further differentiating post-treatment fibrosis
from residual tumor. High/bright signal on T2 sequenc-
es include fluid, inflammation, infarction, and subacute
blood products. Low/dark T2 signal is caused by fibrous
tissue, calcification, protein-rich fluid, paramagnetic sub-
stances, and vascular flow voids. Therefore, bright T2
signal can highlight pathological lymph nodes and on oc-
casion, tumor or post-treatment oedema. Using the same
principle, this can also demonstrate infection and inflam-
matory processes [11]. STIR sequences further assist in
evaluation by selectively diminishing the hyperintensity
of fat, preventing the obscuration of subtle lesions.

The main features of T1, T2, and contrast MRI sequenc-
es in head and neck imaging are presented in Table 1.

Gadolinium sequences are of value in detecting subtle
or occult early disease, which may not be visible on other
modalities due to the dynamic vascular nature of malig-
nant processes. It is used with fat saturation in at least
one plane to accurately define tumor margins, particu-
larly with respect to skull base and perineural extension.
A volumetric post-gadolinium sequence can be consid-
ered for multiplanar image reconstruction and radio-
therapy planning. Limitations to this technique include
normal enhancement of pharyngeal and aerodigestive
mucosa, which may conceal smaller lesions.

Diffusion-weighted imaging (DWI) has an evolving
role in head and neck cancer, especially in defining tu-
mor treatment response. This works on the principle that
hypercellular tumors and pathological lymph node show
diffusion restriction and hence, low apparent diffusion
coefficient (ADC) values, while oedema, inflammatory,
and necrotic processes present low cellularity and high
ADC values.

Dynamic contrast-enhanced MRI perfusion imaging
can be of value in detecting and quantifying a micro-
vascularity within tissue, providing characterization for
head and neck cancers. This is used to generate blood
flow, blood volume, and transit time parameters within
areas of interest, and may help in assessing the histologi-
cal grade of tumors. It is currently a growing area of re-
search and has yet to be used in multisite clinical trials
for HNC. Similarly, MRI spectroscopy can be applied
to a prescribed region of tissue, providing a molecular
breakdown of biochemical composition and evaluating
the presence of specific metabolites. Therefore, it has the
potential to differentiate between non-malignant tissue,
malignancy, and post-radiation changes. However, as
a modality of imaging, MRI comparatively incurs higher

Table 1. The role of different magnetic resonance imaging (MRI) sequences in head and neck cancer imaging

MRI T1 T2 Contrast
sequences
Bright —Fat — Fluid — Tumor
— Subacute blood products (methemoglobin) —Inflammation — Pathological lymph nodes
— Slow-flow blood — Infarction — Acute/subacute post-treat-

— Melanin

— Protein rich fluid

— Paramagnetic substances (iron, ferritin,
hemosiderin)

— Subacute blood products

ment changes
— Inflammatory processes
— Infection

— Calcification
Dark — Fluid — Fibrous tissue

— Air — Calcification

—Hyperacute hemorrhage — Protein-rich fluid

— Densely calcified/osseous lesions — Paramagnetic substances

— Fibrous tissue —Vascular flow voids

—Vascular flow voids
Role — Delineation of fat planes and optimal evalua- —Assessment of primary tumor ~ — Delineation of primary tumor
in imaging tion of the nasopharynx, parapharyngeal fat ~ —Assessment of pathological — Assessment of perineural

plane, floor of mouth, oropharynx,
pre-epiglottic space, and false vocal cords
— Assessment of bone marrow signal
— Assessment of visible lymph node capsule

lymph nodes and extracapsular

disease spread
— Post-treatment changes
— Inflammatory processes

spread
— Assessment of pathological
lymph nodes
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costs and longer scan acquisition times due to the number
of images and complexity of reconstruction [12]. There-
fore, it is subjected to motion of artefacts resulting from
breathing or swallowing. There are numerous limitations,
including renal impairment, metal fragments/implants/
prostheses, older pacemakers, and ill patients.

With regards to MRI scan performance, there are
multiple absolute contraindications, which each patient
should be assessed for, by undergoing a screening ques-
tionnaire. These include cardiac implantable electronic
devices (CIED), such as pacemakers, implantable cardio-
verter defibrillators (ICDs), and cardiac resynchronization
therapy (CRT) devices, metallic intraocular foreign bod-
ies and fragments, implantable neurostimulation systems,
cochlear implants/ear implant, drug infusion pumps and
metallic cerebral artery aneurysm clips [13]. Few depart-
ments allow imaging of pacemakers and ICDs at a mini-
mum of 6 weeks after a placement in a 1.5 T MRI scanner
under strict conditions. This should be assessed alongside
local departmental policy in accordance with the brand
and type of MRI scanner, and with individual discussion
of each case with the relevant cardiology team [14].

There are a few absolute contraindications to gadolini-
um contrast medium injection, which include severe renal
disease (eGFR < 30 ml/min/1.73 m?), acute deteriorating
renal function, pregnancy, and previous anaphylactic/
anaphylactoid reaction to gadolinium contrast agent [15].

In the presence of a contraindication to MRI contrast
or low suspicion for malignancy, a limited non-contrast
MRI can be performed with T1, T2, STIR, and diffusion-

weighted sequences. This can provide an assessment of
disruption to fat planes, nasopharynx, oral cavity, oro-
pharynx, pre-epiglottic space, false vocal cords, lymph
nodes, and bone marrow signal. Example of contrast-
enhanced MRI neck is presented in Figure 2.

Positron emission tomography combined
with computed tomography

Positron emission tomography (PET) is combined with
whole body CT for anatomical detail using the radiola-
beled 18 fluorodeoxyglucose (FDG) tracer to demonstrate
areas of abnormal, increased metabolic activity. It works
by the principle that the positron emitting glucose ana-
logue is taken up by abnormal highly metabolically active
cancerous cells and therefore, FDG concentration and dis-
tribution can be directly measured and correlated with pri-
mary or metastatic disease. This would help to differenti-
ate cancerous tissue from post-treatment oedema, scarring,
and benign lesions. Experienced radiologists can interpret
these scans through qualitative visual assessment.

The recent UK National Institute of Clinical Excellence
and USA American Joint Committee on Cancer guide-
lines now recommend FDG PET-CT as a part of staging
for head and neck squamous cell carcinoma (HNSCC), if
there is an evidence of cancer spread beyond the primary
site. These include patients with stage III and IV HNSCC
[16,17] and those diagnosed with nasopharyngeal cancer
in the UK. In patients who have undergone chemoradio-
therapy, it is the most sensitive modality for assessing

Fig. 2. Contrast-enhanced MRI neck scan demonstrating an extensively infiltrating necrotic malignancy centered in the right max-
illary sinus, with heterogeneously bright contrast enhancement. A) Axial MRI imaging demonstrates a large avidly enhancing
tumor centered in the right maxillary sinus. This extends anteriorly and laterally through the maxillary walls to the skin surface
involving the right nasolabial fold and the facial muscles. Posteriorly, this extends into the pterygopalatine fossa, post-nasal space,
and right masticator space infiltrating the right medial and latent pterygoid muscles. B) Coronal NIRI imaging demonstrates
a large enhancing tumor centered in the right maxillary sinus, with non-enhancing areas of necrosis. This extends medially into
the nasal cavity involving right middle and inferior nasal turbinate, along with infiltration of the right hard palate inferiorly
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post-treatment disease recurrence, when performed at
3 to 6 months following chemoradiotherapy. Addition-
ally, it can be used to identify an unknown primary in
the presence of neck lymphadenopathy and no obvious
primary site on CT/MRL

Disadvantages of PET include high cost and time con-
suming, with the amount of preparation required and
investigation time. PET interpretation can also be non-
specific to malignancy, as inflammatory processes dem-
onstrate increased metabolic activity.

There are a few contraindications to undergoing
a PET-CT scan, such as pregnancy, uncontrolled diabetes,
and patient inability to cooperate with the scan process
that involves lying in supine position for 30-60 minutes
and keeping still for 1-2 hours [18].

Recently, there has been a development of new PET
radiotracers, which include amino acid radiotracers, spe-
cific for detection of HNSCC, radiolabeled antibodies for
tumor angiogenesis characterization, and PET with 18 [F]
fluorothymidine as a marker of tumor hypoxia. However,
these require systematic clinical studies before they can be
used for patient management. Example of FDG PET-CT
in a case of cancer of unknown primary is presented in
Figure 3.

Ultrasound

Ultrasound is easily accessible and can provide ex-
cellent non-invasive soft tissue characterization when
assessing superficial primary sites and nodal basins. In
head and neck imaging, these include neck lumps, sali-
vary gland lesions, thyroid nodules, and regional lymph

A

node morphology. Patients are often referred from gener-
al practice or after ear, nose, and throat (ENT)/endocrine
specialized clinical review. The technique of ultrasound
is operator dependent, and localized radiological grading
of thyroid nodules is solely related to ultrasound mor-
phology features in accordance with the American Col-
lege of Radiology Thyroid Imaging Reporting and Data
System (TI-RADS™) guidelines.

Due to its ability to produce quick results and provide
real-time guidance for fine needle aspiration cytology
(FNACQ), it can play an essential role in speeding up the di-
agnostic pathway as a part of one-stop clinic, established
in some centers in the UK. This is where patients are evalu-
ated in ENT clinic and if considered necessary, proceeded
to have prompt ultrasound £ FNAC and re-reviewed after
rapid cytological assessment on the same day. Following
the procedure of FNAC or core biopsy, it is recommended
to monitor every patient on anticoagulation in the depart-
ment for 30-45 minutes to prevent any possible complica-
tion, such as neck swelling or hematoma.

For salivary gland lesions, thyroid nodules, and lymph
nodes, ultrasound provides excellent image resolution
and it is the preferred modality of imaging for guided
diagnostic interventional procedures, such as FNAC and
core needle biopsy, due to the superficial nature of these
sites. The limitations of ultrasound are its reliance on op-
erator skills and inability to assess deeper structures due
to limited soft tissue penetration and overlying bone or air
artefact. CT-guided biopsy can rarely be considered, when
there is an inadequate acoustic window with deep-seated
head and neck lesions covered by artefact. Examples of ul-
trasound scan are presented in Figure 4.

Fig. 3. FDG PET-CT scan selected axial slices, which demonstrate high grade FDG activity within a submental IA lymph node
(A) and left level 2 lymph node (B) in a case of unknown primary cancer. A) Axial PET-CT imaging demonstrates high grade
FDG activity within a submental 1A lymph node. B) Axial PET-CT imaging demonstrates high grade FDG activity within a left

level 2 lymph node
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LEFT SCF

Fig. 4. A) Ultrasound demonstrating measurements of a large partially solid-cystic mass of lymph nodes in the left supracla-
vicular fossa (SCF). B) A fine needle aspiration was subsequently performed. Cytology results confirmed metastatic squamous
cell carcinoma. A 25 G needle is delineated entering the left SCF lesion, whilst performing a fine needle aspiration

Table 2. Comparison of different imaging modalities used in head and neck oncology

Imaging Principle Duration Contrast Minimum Limitations
modality staff required
Ultrasound  High-frequency 20-30 None 3 — Reliance on operator skills
sound waves minutes — Inability to assess deeper structures due to limited soft
tissue penetration and overlying bone or air artefact
CcT Series of cross- 15-30 Omnipaque 2-3 — Radiation dose burden
sectional X-ray ~ minutes 300 Mg — Risk of contrast-induced nephropathy
images acquired lodine® — Artefacts secondary to dental amalgam/ orthopedic
through sections prostheses
of the body — Absolute contraindications to contrast, such as
severe renal disease (eGFR < 30 ml/min/1.73 m?),
acute liver disease, asthma, thyroid disease, dehy-
dration, sickle cell anemia, seizures, phaeochromocy-
toma, and allergies to contrast
MRI Electromagnetic ~ 30-45 Gadolinium 2-3 — Claustrophobia
field and radio  minutes —Severe renal disease (eGFR < 30 ml/min/1.73 m?)
waves — Pregnancy
— Gadolinium contrast allergy
— Cardiac implantable electronic devices (CIED), such
as pacemakers, implantable cardioverter defibrilla-
tors (ICDs) and cardiac resynchronization therapy
(CRT) devices (see text for detail)
— Metallic intraocular foreign bodies and fragments
—Implantable neurostimulation systems
— Cochlear implants
— Drug infusion pumps
— Metallic cerebral artery aneurysm clips
FDG PET-CT  Radiolabeled 18 ~ 90-120  Radiolabeled 3-4 — Pregnancy
fluorodeoxyglu-  minutes 18 fluorode- — Avoidance of breast feeding for 24 hours
cose (FDQG) tracer oxyglucose — Persistent radioactivity for 12 hours
combined with (FDG) tracer — Contra-indication in uncontrolled diabetes

whole body CT

— Limitations in patients with inability to lie still
for 1-2 hours
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