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Imaging in head and neck cancers: a review
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ABSTRACT

Imaging plays a vital role in the diagnosis, therapeutics-surgical or radiotherapy and prognostication of malignancies
of the head and neck region. Imaging may range from simple plain radiography of the neck and the sinuses depicting
mouse nibbled features of bone erosion and encroachment of air shadows, to functional imaging that analyses the
metabolic status of the cancerous bed. Contrast enhancement further can delineate the vascularity of the lesion.
Different imaging modalities are employed to study the various sites and sub-sites of the face and the neck to pick up
the extent of infiltration into the tissues in their vicinity.
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INTRODUCTION

Globally, head and neck malignancies are predominant
India by itself has 20% of these unfortunate individuals.'-
These tumors directly involve the vital organs of speech
production, respiration, phonation, swallowing, taste,
smell and hearing. Thereby these malignancies are
associated with marked morbidity.® The locally advanced
tumors contribute to significant mortality and are a major
public health issue. Squamous cell carcinoma is the most
common malignancy (95%) encountered, among the
varied range of neoplasia of the head and the neck
followed by salivary gland tumors, lymphomas,
sarcomas, and thyroid lesions.3* The stage of presentation
is a crucial factor affecting the prognosis of head and neck
squamous cell carcinoma. Aggressive intervention is
required in advanced staged diseases including radical
surgeries and post operative adjuvant chemotherapy with
or without radiation, with likelihood of significant
morbidity. A favorable prognosis of head and neck cancer
malignancy necessitates an early diagnosis.

REVIEW OF LITERATURE

Radiological study plays an integral role in the diagnosis,
staging and management approach for head and neck
cancers. The advent of advanced 3-D cross-sectional
imaging modalities has brought a revolution in diagnosis
and management of HNSCC.* Imaging supplements
pathological findings and endoscopic interventions. It is a
crucial screening tool for diagnosis, staging of extent of
the cancer spread (in accordance with TNM staging) and
facilitates planning of management strategy.*

RADIOLOGICAL MODALITIES

The usual sites involved in metastasis of head and neck
neoplasias are lymph nodes of the neck and the
peripheral nerves. Head and neck malignancy has a poor
prognosis if the individual presents with metastatic cervical
lymphadenopathy. Thus, for staging of cancer and planning
the therapeutic modalities, detection of cervical lymph
node metastasis is vital.®

International Journal of Otorhinolaryngology and Head and Neck Surgery | September 2023 | Vol 9 | Issue 9 Page 772



Munjal M et al. Int J Otorhinolaryngol Head Neck Surg. 2023 Sep;9(9):772-776

Ultrasonography (USG) and computed tomography (CT)
are the basic imaging studies. MRI (magnetic resonance
imaging), PET (positron emission tomography) and
SPECT (single photon emission computed tomography)
are next in the hierarchy. CT perfusion, CE-USG
(ContrastEnhanced ultrasonography) and DWI-MRI are
the recent advancements in imaging modalities.®

Precise staging of head and neck malignancies,
prognostication, and selection of appropriate therapeutic
intervention necessitate imaging modalities.” The
primary site of cancer dictates which imaging modality is to
be resorted to in oral cavity. Especially at sites namely-
anterior tongue, retromolar trigone, and floor of mouth,
MRI (Magnetic Resonance Imaging) is the preferred
diagnostic tool. It is even useful for assessment of small
primary tongue lesions and their sub mucosal extent.®”

When tumor invasion is suspected, MRI is crucial in
evaluation of adjacent mandible, soft tissues and other
0sseous structures as it provides superior soft tissue
contrast and can even catch early, changes in bone
marrow.58

In the oro pharynx, MRI is the preferred imaging tool. MRI
with STIR sequences identifies small or subclinical
primaries in the base of the tongue as well as the tonsil
that usually manifests with cervical lymphadenopathy.®
Misleading artifacts due to breathing and swallowing
movements are usually noted in MRI studies of the oral
cavity and the oro pharynx.®

MRI is the ideal imaging modality for nasopharyngeal
carcinomas, orbital in and intracranial extensions, peri
neural tumors and bone marrow involvement.5” In
evaluation of osseous destruction CT scan is a better
imaging modality.5”

MRI imaging of larynx is affected by artifacts in
individuals who have impairment in swallowing,
aspiration or breathing in the supine position as it is a
long duration procedure. Therefore, it is a suboptimal
technique of evaluation of tumors of the larynx.6® CT is
the preferred modality in primary laryngeal or hypo
pharyngeal malignancy, including adjacent cartilaginous,
bony, and soft tissue structures.®” MRI with contrast is
ideal for detection of involvement of the laryngeal
cartilages.

In the advanced stage, nasopharyngeal tumors commonly
present as palpable nodal neck disease. Accurate
classification of primary site and the cervical nodal
involvement, can be undertaken with the MRI.8

Though PET, CT, MRI are the best diagnostic imaging
modalities for nasopharyngeal malignancy but tumor
invasion into adjacent soft tissues i.e., the pharyngobasilar
fascia, sinus of Morgagni, skull base, intracranial and
perineural tissues is primarily evaluated on MRI.

In sino- nasal malignancy -CT, MRI, and PET/ CT are
beneficial.”

In paranasal inflammatory diseases, CT is the diagnostic
modality of choice because of sharp delineation of bone.
However, in suspected cases of cephalocele, CT can be
complemented with MRI.°

COMPUTED TOMOGRAPHY (CT SCAN)

Computed tomography has been available for over a few
decades. Since the year 1981, particularly lymph nodes in
the neck are assessed by this modality. The “consistent”
detection of lymph node harboring pathology was
attributed to this non invasive imaging modality.1°

Cervical lymph node metastasis in confirmed head and
neck lesions can be predicted utilizing protocols and
criteria suggested by different centers. Though not
followed by all, central necrosis in the lymph node are
quite a reliable indicator of metastasis and the most
specific sign of metastatic lymphadenopathy. Another
criterion for malignancy is the irregular enhancement and
group formation of nodes.*

On contrast enhanced CT, the parameters for cervical
lymph node metastasis are as:!! 1) Size: Axial diameter>
10mm (Short axial diameter) 2) Shape: longitudinal
length/ trans-axial width ratio < 2. 3) Grouping: Group of
3 or more modes of 8-10 mm in the same drainage area of
tumor.

CENTRAL NODAL NECROSIS

There is water depletion in the central area with an
irregular enhancement. Necrosis in lymph nodes, is best
studied on contrast enhanced computed tomography.

The 2004 King et al retrospective study documented
metastatic cervical lymph node necrosis with a sensitivity
of 91%, specificity of 93%, and positive predictive value
of 91% and negative predictive value of 93%."

EXTRA CAPSULAR SPREAD

Infiltration around and the eradication of the adjacent fat
plane along with irregular nodal margin indicates extra
capsular spread. Among head and neck cancer patients,
extra capsular spread is considered as a pathological
marker of poor prognosis. Increased number of nodal
metastasis, regional recurrences and metastasis-are all
associated with it.*?

Akoglu et al observed a sensitivity of 77.7%, specificity
85.7%, positive predictive value of 91.3%%, negative
predictive value of 66.6% and accuracy of 80.4%.3

Diagnosis and staging of cervical lymph node metastasis,
is usually done on CT and MRI. Even though they have
varied sensitivity and specificity.
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PET/CT is superior to MRI and CT for the assessment of
cervical, supraclavicular, mediastinal lymph node
involvement anddistant metastasis.

For cervical lymph node enlargement and staging
PET/CT is used. In advanced stage subjects, PET/CT is
primarily used for evaluating nodal involvement and
systemic metastasis.?

COLOUR DOPPLER ULTRASOUND SCAN

Ultrasonic radiography (USG) alone cannot accurately
determine the etiology of cervical lymphadenopathy, still
due to its wide availability and cost effectiveness it is
routinely used. The diagnostic accuracy of ultrasound is
enhanced by color Doppler; however, its routine usage is
considerably decreased due to its inconsistent results and
poor reliability.®

Doppler helps evaluate the type and intensity of nodal
blood flow. The various types of lymph node vascularity
are 1) Hilar: Vascular signals limited to lymph node
hilum, 2) Peripheral: Vascular signals distributed around
the node, 3) Mixed: More than one type of pattern.141°

Peripheral or mixed vascularity is usually found in
majority of the metastatic lymph nodes. Production of
tumor angiogenic factors is the cause of peripheral
vascularity, thus resulting in angiogenesis and recruitment
of peripheral vessels.>*

CONTRAST ENHANCED ULTRASONOGRAPHY

Benign and metastatic superficial lymph nodes (LNs) are
distinguished using a new technique, the contrast
enhanced ultrasound (CEUS). This can be done with
accuracy. Moreover micro vascular network blood flow
can be monitored.

Intravenous contrast agents are used in CEUS, for
qualitative and quantitativestudies.

Rubaltelli 2004 retrospective study, evaluated 56
suspicious lymph nodes-31 cervical lymph nodes and
other lymph nodes from various locations. They
interpreted, for diagnosing malignancy, CEUS using
SonoVue and harmonic imaging, were found to be
92% specific and 93%sensitive. In homogenous nodal
enhancement is a feature of malignancy - this has been
reflected by CEUS.*®

The Dudau et al study revealed that for the differentiation
between benign and malignant lymph nodes,
conventional ultrasound has certain limitations.

Despite having only 22 nodes to evaluate compared to 25
for a conventional ultrasound study, CUS was found to be
more sensitive (100%) in detecting malignancy. This was
attributed to the fact, that three lymph nodes revealed no
enhancement at all which probably was due to a technical

issue with the ultrasound.?® Even in the worst possible
scenario, if the three lymph nodes were all false
negatives, still CEUS is superior to conventional US, as
the sensitivity increases to 83.3% and its accuracy to
87.5%.19'21

Sonoelastography, a non-invasive modality has recently
become popular for differentiating benign and malignant
lymph nodes. However; due to its operator dependency it
is not widely used.*®

Sonoelastography can be used for pathologic diseases
such as cancer and fibrosis as here the tissue elasticity is
modified.?

Sonoelastogram is operator dependent due to a variety of
reasons. 1) Dynamic electrogram may appear unsteady
because of the processing artifacts. Genuine tissue
displacement may occur in the imaging window. During
compression relaxation cycles or tissue motions when
bulk tissue movement occurs, electrogram can be
stabilized using software temporal and spatial averaging
techniques. It basically signifies, the selection of a static
image from a dynamic series, proves to be a difficult
task in clinical practice. 2) Qualitative interpretation of
elastogram is subjective. 3) Many tissues are spatially
heterogeneous on sonoelastogram thus complicating
further the subjective selection of representative
measurements.??2%

CT PERFUSION IMAGING

CT perfusion (CT) and DWI -MRI, are the newer
functional radiological modalities. On comparison with
the rest of the imaging techniques, they have a higher and
better specificity and sensitivity. The advent of multi-
detector row computed tomography (MDCT), in the last
decade, allows fast scanning and decreased scan time
compared to MRI. Thus, it has facilitated the functional
parameter evaluation in squamous cell carcinoma such as
the integration of tissue perfusion with the morphological
information derived from conventional cross sectional
imaging techniques. For the quantitative assessment of
tissue microcirculation, a dynamic contrast enhanced
technique-perfusion imaging is used.?*%

Through neovascularity, malignant tumors can sustain
their rapid growth, wrt the normal tissues. The new
vessels in the tumor have different hemodynamics, thus
facilitating the assessment of local extent of malignant
growth. This is done through the neovascularity tracing
against the background of normal tissue circulation.
Perfusion imaging techniques performed using CT and
MRI, help in studying the neovascularity in tumors. The
use of the dynamic injection of intravenous contrast
facilitates the study of changes in tumor intensity on MRI
and attenuation on CT. Various mathematical models of
flow, help in studying the numerous aspects of
vascularity namely blood flow (BF), blood volume (BV),
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capillary permeability (CP) and mean transit time
(MTT).2526

Computed tomography perfusion parameters

Blood volume (BV) is defined as the total volume of
blood in a given unit volume of the lymph nodes. This
definition includes blood volume has units of Milli liters
of blood per 100 gm (ml/100g).252¢

Blood flow (BF) is defined as the volume of blood
moving through a given unit volume of lymph nodes per
unit time. BF has units of ml of blood per 100 gm per
minute (ml/100g/min).2526

Mean transit time (MTT) is defined as the average of the
transit time of blood through a given lymph nodes region.
MTT is related to both BV and BF according to the
central volume principle, which states that
MTT=BVIBF.?>2¢

Permeability surface (PS) is defined as the flow of
molecules through capillary membranes in certain
volume of tissue. PS has unit of (ml/100g/min).252

The 18F-FDG PET, diffusion weighted MRI (DWI),
perfusion imaging with dynamic contrast -enhanced MRI
(DCE-MR1), CT perfusion-are some of the other
techniques employed for examining cervical lymph
nodes. Nowadays, in clinical practice FDG PET is
commonly used. On comparing Vvarious imaging
modalities-FDG PET with CT, MRI, or sonography in a
Meta analysis, increased sensitivity (from 79% to 85%)
and increased specificity (80% to 86%) for nodes was
revealed by FDG PET.

To differentiate benign from malignant lymph nodes,
PET and SPECT may be used, but they have a high cost,
are less readily available and have a low specificity. On
comparing the newer functional radiological modalities
namely CT PERFUSION (CP), and DWI MRI with the
rest of conventional radiological imaging modalities - the
newer techniques have a higher and superior sensitivity
and specificity.®

RECENT MODALITIES

For the early diagnosis of head and neck malignant
tumors, Narrow band imaging (NBI) is an essential tool.
It facilitates the early-stage diagnosis of HNSCC and
evaluating the prognosis. Enhanced image contrast in
superficial mucosal lesions is reflected by NBI,
specifically the highlighting of the micro vasculature thus
determining the nature of the lesion. This helps, taking
into consideration the minimally invasive treatment
option.2&2°

Hopkins rod- lens telescopes, direct laryngoscopes,
flexible  endoscopes, and micro laryngoscopic
visualization techniques have been used for the detailed

clinical examination of the parameters of mucosal lesions
i.e. color, contour and extent of the lesion. However,
during clinical examination, the use of these methods is
limited to providing pathological information only. The
detailed examination and provision of pathological
information of mucosal lesions have been facilitated with
the advent of advanced optical imaging detection
techniques  namely narrow band imaging (NBI), contact
endoscopy and OCT.%3L

CONCLUSION

Appropriate imaging of the malignancies of the head and
neck determines the extent of the primary lesion, local
encroachment, pattern of nodal metastasis and likely
prognosis. Moreover, this dictates intervention, surgical,
radiotherapeutic or medical as the case maybe.
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