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INTRODUCTION

The frequency of pediatric head and neck neoplasms ranges from approximately 2-15% of all pediatric
cancers1. Skull base and calvarial neoplasms, including temporal bone and orbital masses are a subset of
head and neck neoplasms occupying a number of neoplastic processes and categorically encompass several
imaging patterns: singular dominant mass lesions with or without metastatic disease (e.g., rhabdomyosar-
coma (RMS), chordoma), singular or multifocal metastatic disease (e.g., neuroblastoma), and multifocal
disease due to systemic malignancy (e.g., leukemia, lymphoma, histiocytosis, etc.).

While pathologies certainly vary between pediatric and adult patients, there remains significant overlap. As
such, imaging protocols for skull base and calvarial neoplasms are similar in their general construct. However,
optimized pediatric-specific protocols remain a must, as a retrofitted adult head and neck protocol is often
ill equipped to offer quality, efficient and safe imaging (e.g., limiting radiation exposure) of the size-variable
infant and pediatric patient. Moreover, sedation or general anesthesia is often required in the pediatric
population in order to minimize motion artifact. Thus, optimization of imaging acquisition time is a very
important technical consideration because it may decrease the necessity and duration of sedation/anesthesia
and their potential risks in this vulnerable population. Standardized protocols for anatomic sub sites of the
head and neck offer significant benefit in individual patient follow up on a local scale, and, on a broader scale,
allow for collaborative understanding of imaging pathologies and innovative or benchmarked standardized
treatment response assessment across institutions.

In an effort to standardize protocols, this article offers minimum, pediatric specific anatomy-based initial
and follow up imaging guidelines for pediatric malignancies of the orbits, calvarium, skull base and temporal
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bone. This manuscript was funded in part by the National Clinical Trials Network Operations Center Grant
U10CA180886. The content is solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

IMAGING RECOMMENDATION FOR THE ORBITS

Imaging of the orbit includes three sub anatomic locations; the ocular, the optic nerve sheath complex, and
the orbital soft tissues are discussed here.

Imaging of Ocular Tumors

Pediatric patients with ocular tumors can present with a wide variety of signs and symptoms, such as
leukocoria, strabismus, limited eye movement, and decreased vision2. Many etiologies can cause leukocoria,
including neoplastic (retinoblastoma being the most common, occurring in up to 1 in 15,000 births, with
other ocular tumors exceedingly rare, e.g., intraocular medulloepithelioma) and non-neoplastic diseases,
such as persistent fetal vasculature and Coats disease 3. Imaging helps characterize ocular tumors and
differentiate neoplastic from non-neoplastic entities. Imaging plays an important role in tumor detection,
characterization, extent assessment and treatment planning.

Imaging in Ocular Tumor Staging

Staging of retinoblastoma in the United States and other developed countries almost universally applies to
intraocular retinoblastoma using the International Classification for Intraocular Retinoblastoma, a system
that stratifies the chance of ocular sparing with current treatments. For extraocular retinoblastoma, several
classification systems exist, including the International Retinoblastoma Staging System and the American
Joint Committee on Cancer (AJCC) TNM Staging System, among others4. Choroidal invasion and early
stages of optic nerve invasion remain challenging by imaging. As such, histopathologic evaluation remains
the gold standard for such invasion assessment. Regardless, optimized, high resolution imaging of the
orbit is critical in the preoperative assessment and characterization of tumor location and extent, including
identifying extraocular invasion (e.g., optic nerve invasion) as it relates to these staging systems 5.

Imaging Modalities for Ocular Tumors

MRI

Besides dedicated MRI of the orbits, MRI of the entire brain should be performed concomitantly to assess
for intracranial invasion and metastatic disease during initial diagnosis and follow up. Attention to details in
the suprasellar and pineal regions is mandatory to assess for “trilateral” or “quadrilateral” retinoblastoma,
respectively. For patients with extraocular retinoblastoma, imaging will also consist of a bone scan to assess
for systemic metastatic disease, in addition to lumbar puncture and bone marrow aspiration. Routine MRI
sequences of the orbits ought to be performed with dedicated thin-section, high resolution images of the
orbits (< 3 mm slice thickness) using an optimal field of view (FOV). This includes at minimum: axial
T1WI, axial and coronal fat suppressed (FS) gadolinium-enhanced T1WI, axial and coronal FS T2WI.
High-resolution three-dimensional (3D) imaging of the orbits using a heavily T2-weighted 3D sequence and
diffusion weighted imaging (DWI) are optional but recommended in the evaluation of retinoblastoma. Such
ultrathin-slice images offer superior spatial resolution compared to conventional thin-sectional MRI and are
particularly useful in the intraocular tumors and optic nerve sheath complex lesion to include perineural CSF
space assessment6. It should be noted that thin-section high resolution imaging requires longer acquisition
times and is more susceptible to motion degradation necessitating a fully cooperative or sedated patient.
As noted, resolution DWI is often helpful. Retinoblastoma, for example, typically shows restricted diffusion
(high signal) on DWI and exhibits low ADC values which is in contrast to high ADC values in the vitreous7.
Furthermore, SWI is helpful in detecting and differentiating blood products from calcium.

CT

CT is a secondary imaging modality relative to MRI for the evaluation of an ocular mass lesion. CT
only remains superior in documenting the presence of calcifications, which is an important imaging feature
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of retinoblastoma. Such determination is however rarely needed as ophthalmologic and MRI features are
typically diagnostic of retinoblastoma. The evaluation of optic nerve involvement and intracranial extension
on CT is significantly limited compared to MRI.

US

Ocular ultrasonography is useful in evaluation of an ocular tumor and commonly used as a first-line imaging
technique for screening of ocular pathology in the pediatric population. It maintains an advantage in pediatric
patients due to low cost, wide availability, lack of radiation exposure and can often be done without sedation.
It is also sensitive for detection of calcification8. US can easily evaluate mass lesions of the globe. However,
the visualization of deeper lesions, including retrobulbar lesions, is limited as the US wave cannot adequately
penetrate to such deep structures. Furthermore, calcifications can obscure adjacent lesions and consequently
limit assessment of the optic nerve. US alone is therefore not an adequate, complete diagnostic tool for
definitive evaluation/ staging of ocular tumors such as retinoblastoma and medulloepithelioma.

Imaging of Optic Nerve Sheath Complex Tumors

Common optic nerve sheath complex tumors in pediatric patients include optic pathway glioma and rarely
optic sheath meningioma. Gliomas typically present with proptosis, vision loss, strabismus or nystagmus.
Papilledema or optic nerve atrophy may be seen on ophthalmologic examination 3.

Imaging Modalities for Optic Nerve Sheath Complex Tumors

MRI

Given its excellent soft tissue resolution, thin-section, high resolution multiplanar (i.e., axial, and coronal)
MRI is the standard imaging modality for the evaluation of optic nerve and optic nerve sheath lesions with
imaging protocols similar to those tailored for ocular tumors. Concomitant brain imaging with and without
contrast is necessary.

CT

CT is not an appropriate modality for such mass lesions.

Imaging of Orbital Tumors

Rhabdomyosarcoma (RMS) is the most common extraocular malignant tumor in pediatric patients. Patients
often present with a drooping eyelid with proptosis. A superonasal quadrant location is typical. Additional
malignant masses including leukemia, lymphoma (especially Burkitt’s lymphoma) and Langerhans cell histio-
cytosis (LCH) may similarly present with proptosis. Ocular involvement may occur especially with leukemia.
An inflammatory presentation with a painful, edematous, erythematous mass lesion may occur with LCH.
Infantile hemangiomas present within the first months of life. Lacrimal gland tumors are exceedingly rare
in the pediatric population. Neuroblastoma is the most common metastatic tumor to the orbit in children3.

Imaging in Orbital Tumor Staging

Staging of orbital RMS, like all other RMS in the head and neck, is via the Intergroup Rhabdomyosarcoma
Study Group (IRSG)9. Imaging plays a critical role in clinical risk grouping of patients in the IRSG.

Staging of orbital RMS is recommended to occur via the IRSG staging system. (GRADE A, SOR 1.08, very
strong recommendation)

Imaging Modalities

MRI

MRI is superior in characterizing soft tissue lesions due to its high soft tissue resolution. It can help char-
acterize the soft tissue lesion and assess lesion extent including regional spatial invasion and intracranial
extension via the skull base foramina and fissures. This includes evaluation of invasion into a parameningeal

3



P
os

te
d

on
30

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

98
06

26
.6

75
45

49
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

location (nasopharynx, nasal cavity, parapharyngeal space, paranasal sinuses, infratemporal fossa, ptery-
gopalatine fossa, tympanic and mastoid temporal bone) 10. MRI is used for initial evaluation, staging,
follow-up and treatment response evaluation of orbital tumors using a similar protocol as already described
for ocular and optic nerve sheath lesions. DWI sequence is routinely included in MRI of the orbits because it
can address potential histoarchitectural differences between various tumors and is therefore useful in lesion
characterization alongside the use of gadolinium-based contrast. DWI may help differentiate benign from
malignant tumors. For example, lymphoma has been shown to have low ADC values compared to benign
tumors. This may help differentiate lymphoma from atypical lymphocytic infiltration or other inflammatory
processes. Similarly, leukemia, RMS and LCH will typically demonstrate lower ADC values compared to be-
nign tumors11. However, to date, no definite single ADC value threshold has been proposed as a cut-off value
12. Single-shot echo-planar imaging DWI (EPI-DWI) is a commonly used technique. The newer multishot
with readout-segmented echo-planar DWI and non-echo planar DWI may improve imaging quality, reduce
distortion and susceptibility artifact from air-bone interfaces13. Furthermore, time resolved MR angiography
(MRA) in which dynamic multiphase vascular imaging occurs during contrast injection is an optional but
sometimes helpful technique in delineating vascular from nonvascular lesions and furthermore arterial from
venous fed lesions.

CT

CT offers superior bone resolution. It demonstrates bony destruction and/or remodeling and may offer
complementary but not substitutive information to MRI for initial tumor evaluation and treatment response.
It does not serve as an appropriate singular modality for initial diagnosis, on therapy follow up or off therapy
surveillance unless MRI is contraindicated.

PET CT

While PET CT can increase initial staging accuracy by identifying nodal metastasis and distant metastasis14,
PET CT is not routinely performed in orbital RMS due to the rarity of metastatic disease.15.

Imaging at Diagnosis

MRI of the brain and orbits without and with contrast is recommended at diagnosis of an ocular, optic nerve
sheath complex or orbital tumor. (GRADE C, SOR 1.00, very strong recommendation) CT is not a recom-
mended modality at initial diagnosis. Contrast-enhanced CT may be performed if MRI is contraindicated.

Imaging at Follow-up

MRI of the brain and orbits without and with contrast is recommended during on therapy follow up of an
ocular, optic nerve sheath complex or orbital tumor. (GRADE C, SOR 1.00, very strong recommendation)
CT is not a recommended modality for on therapy follow up. Contrast-enhanced CT may be performed if
MRI is contraindicated.

Imaging Off Therapy/Surveillance

MRI of the brain and orbits without and with contrast is recommended during off therapy surveillance of an
ocular, optic nerve sheath complex or orbital tumor. (GRADE C, SOR 1.00, very strong recommendation)
CT is not a recommended modality for off therapy surveillance. Contrast-enhanced CT may be performed
if MRI is contraindicated.

IMAGING RECOMMENDATION FOR CALVARIAL TUMORS

Calvarial neoplasms are rare among pediatric head and neck mass lesions. Primary pediatric calvarial lesions
are often benign with dermoid and epidermoid cysts being the most common16. Very rare benign neoplasms
of the calvarium include osteoma, osteoid osteoma, aneurysmal bone cyst, and osteoblastoma. Malignant
calvarial tumors are mostly skeletal metastases, of which neuroblastoma is the most common17. Ewing
sarcoma may also metastasize to the skull; primary calvarial Ewing sarcoma is rare. Multifocal or unifocal

4
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disease in LCH is also a common diagnosis, accounting for up to 12% of calvarial mass lesions in pediatric
patients 18. Intraosseous meningiomas are exceedingly rare in children.

Calvarial mass lesions may present as a palpable mass, localized pain and swelling or be identified incidentally
after identification at another site. For initial evaluation, imaging plays a role in lesion detection and
determining the location and origin of lesion, whether it arises from the bone, soft tissue or extending from
intracranially. Moreover, the imaging appearance can help characterize lesions, differentiating neoplastic
versus non-neoplastic entities and benign versus malignant tumors. An additional goal of imaging is to
provide detail regarding the extent of pathology and to determine the relationship between the lesion and
the nearby structures such as brain and dura.

MRI

MRI has superior soft tissue resolution and is a valuable imaging modality in the evaluation of a calvarial
mass. MR imaging features are critical in characterizing the lesion as benign versus malignant neoplasm and
non-neoplastic. MRI is necessary in evaluation of the lesion extent, especially for intracranial extension to
include dural and parenchymal invasion.19. As discussed for orbital tumors, DWI is very helpful in character-
izing the cellularity of the lesion and thereby honing benign and malignant differential considerations. The
soft tissue component of the tumor in the scalp may be obscured by the subcutaneous fat, especially on the
postcontrast T1WI with enhancing tumors displaying similar signal as the surrounding fat. Fat suppression
(FS) is often performed to overcome this issue and allows better delineating of the lesion. The arterial and
venous anatomy can be demonstrated on MRA and MR venography (MRV). MRA can display the arterial
supply of the lesion. MRV is useful in assessment of the dural venous sinus involvement when the lesion is
adjacent a dural venous sinus. MRA and MRV are considered optional.

CT

Thin-slice (approximately 1 mm) axial CT images filtered in bone and soft tissue algorithms with multiplanar
reconstructions is an adjunctive tool for the initial evaluation of a calvarial lesion. It serves as a primary
modality to identify bone erosion or bony remodeling, and generally to identify the presence of a soft tissue
component, evaluate the general spatiality and extent and potential multiplicity of the lesion. Contrast-
enhanced CT is not typically necessary especially given that MRI will serve to otherwise fully characterize
the mass, in particular the soft tissue component. CT venography (CTV), may be helpful for presurgical
planning primarily in assessing for dural venous invasion. CT may be a helpful adjunctive tool that can
be used for evaluation of treatment response due to its superiority in exhibiting bony lesions and expectant
healing post treatment.

PET CT

Owing to the rarity of calvarial based tumors, limited literature exists regarding the utility of PET CT
in children with malignant calvarial tumors such as sarcoma. In general, use of PET CT at diagnosis, at
follow-up, and during off therapy/ surveillance of calvarial sarcomas is typically as done for malignant skull
base and temporal bone tumors as described below.

Imaging at Diagnosis

MRI of the brain without and with contrast is recommended at diagnosis of a calvarial tumor. (GRADE C,
SOR 1.08, very strong recommendation)

CT of the head without contrast is recommended at diagnosis of a calvarial tumor. (GRADE C, SOR 1.42,
very strong recommendation) Contrast-enhanced CT is not recommended unless MRI is contraindicated.

Imaging at Follow-up

MRI of the brain without and with contrast is recommended during on therapy follow up of a calvarial
tumor. (GRADE C, SOR 1.00, very strong recommendation) CT of the head without contrast may provide
complementary information at follow up especially as it relates to bony treatment response. CT however

5
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does not serve as a primary method of follow up. Contrast-enhanced CT is not recommended for follow up
unless MRI is contraindicated.

Imaging Off Therapy/Surveillance

MRI of the brain without and with contrast is recommended during off therapy surveillance of a calvarial
tumor. (GRADE C, SOR 1.00, very strong recommendation) CT of the head without contrast may provide
complementary information during off therapy surveillance. CT however does not serve as a primary method
of off therapy surveillance. Contrast-enhanced CT is not recommended for off therapy surveillance unless
MRI is contraindicated.

IMAGING RECOMMENDATION FOR SKULL BASE AND TEMPORAL BONE TUMORS

The skull base is a complex osseous structure that serves as a conduit between the intracranial and ex-
tracranial compartments. It contains several neural foramina and fissures with traversing neurovascular
structures 20. As in adults, there is a wide variety of benign and malignant skull base tumors that may occur
in the pediatric population such as nerve sheath tumors, glomus tumors, RMS, Ewing sarcoma, olfactory
neuroblastoma/esthesioneuroblastoma, chondrosarcoma and chordoma21-23. Systemic malignancies such as
lymphoma, leukemia and especially LCH may involve the skull base.

Clinical presentation of children with skull base tumors varies with sub-location: anterior, middle versus
posterior skull base. Children with anterior skull base mass lesions often present late and without distinc-
tion between neoplastic and non-neoplastic entities or between benign and malignant neoplasms. Nasal
obstruction especially long term unilateral nasal obstruction, sinonasal pain, epistaxis, excessive lacrima-
tion, anosmia and even visual changes may be presenting symptoms24. Tumors of the middle skull base
may present with headache, hypothalamic-pituitary dysfunction, visual changes, facial dysesthesia and pain,
deficits of CN III-XI, facial deformity and oropharyngeal obstruction. Finally, tumors of the posterior skull
base present with headache, neck pain which may be from craniocervical instability, torticollis secondary
to the craniocervical junction involvement, or cranial nerve dysfunction including visual abnormalities and
dysphagia with involvement of the hypoglossal canal and jugular foramen25.

Temporal bone neoplasms in the pediatric population are exceedingly rare. These typically include RMS.
Other sarcomas are rare. Systemic malignancies such as lymphoma, leukemia and especially LCH may
involve the temporal bone. Patients typically present with signs and symptoms that mimic refractory and
severe ear infection. Additionally, common presenting symptoms include hearing loss, otorrhea, otalgia,
vertigo and headache. Facial weakness and diplopia may also occur. Extension of the mass to involve the
orbital apex, cavernous sinus, hypoglossal canal and jugular foramina may produce additional cranial nerve
dysfunction symptoms. Finally, with invasion of the dura, patients may present with CSF leakage and/or
meningitis26.

Imaging in Skull Base and Temporal Bone Tumor Staging

Both CT and MRI play complementary roles for evaluation of skull base and temporal bone tumors at
both diagnosis and follow up27,28. Similar to head and neck tumors in other subsites, goals of imaging are
to evaluate the origin and the extent of the lesion as well as to differentiate between neoplastic and non-
neoplastic entities or between benign and malignant neoplasms. Following initial diagnosis, staging evaluation
typically occurs via the AJCC TNM classification system for select sites. Esthesioneuroblastoma staging
may occur via the Kadish or modified Kadish staging or Dulgerov systems which require imaging assessment
of regional tumor invasion such as paranasal sinuses, orbits, skull base, dural and brain involvement, as well
as evaluation of co-existing nodal and distant metastases29. Note that a universally agreed upon staging
system does not exist for temporal bone tumors other than RMS.

Staging of skull base and temporal bone RMS, like all other RMS in the head and neck, is via the IRSG
staging system9.

Staging of skull base and temporal bone RMS is recommended via the IRSG staging system. (GRADE A,
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SOR 1.08, very strong recommendation)

Imaging Modalities

MRI

MRI has superior soft tissue contrast resolution with better assessment of soft tissue spatiality and extension
and bone marrow involvement compared to CT27,28. MRI with post contrast T1WI with fat saturation is
the imaging modality of choice for evaluation of perineural tumor spread although gross perineural spread
may be seen with contrast-enhanced CT30,31. MRI sequences for skull base protocol should include T1WI
and T2WI with FS and contrast-enhanced T1WI with FS in axial and coronal planes. Precontrast T1WI
without FS allows for assessment of bone marrow replacement and abnormalities of adipose tissue within
the extracranial spaces adjacent to skull base tumors as well as detection of intrinsic T1 hyperintensity
if present. Intrinsic T1 hyperintensity within tumors may be secondary to intratumoral hemorrhage, fat,
mineralization or melanin 32. Images should be obtained with thin slices (slice thickness <3 mm). Sagittal
images provide additional information regarding craniocaudal extension of the lesions. Detailed evaluation
of cranial nerves is required for skull base and temporal bone tumors; dedicated MR sequences including
high-resolution 3D T2WI, pre- and post-contrast 3D T1WI with multiplanar reformations of cranial nerves
are recommended at the temporal bone and skull base33,34. Entire brain imaging is necessary to assess
the integrity of the subjacent brain and dura. The role of advanced MRI techniques such as DWI, MR
perfusion, or MR spectroscopy remains under investigation in research 35. MRA and MRV (or CTA/CTV)
are adjunctive radiological exams that can be used to assess vascular anatomy (compression, displacement,
invasion)23.

CT

In general, CT can provide better assessment of cortical bone such as cortical erosion or sclerosis as well
as identification of intratumoral mineralization or calcified matrix which may prove helpful in differential
considerations28. Spatiality of bony involvement of the tumor is best demonstrated by CT including ex-
pected healing changes post therapy.27,28,36,37. CT of the head to include the entire skull base should be
acquired with multidetector CT using thin collimation (0.5 – 0.625 mm). Images should be reconstructed in
axial, coronal and sagittal orthogonal planes in soft tissue and bone algorithms32. Contrast is not typically
necessary when MRI is available. CTA and CTV (or MRA/MRV) are adjunct radiological exams that can
be used to assess vascular anatomy23.

PET CT

The use of PET CT in initial staging of skull base and temporal bone tumors should be tailored to individual
patients and their specific type of tumor. Full body PET CT can be helpful in the preoperative staging of
skull base and temporal bone RMS including at initial diagnosis, during on therapy follow up for patients with
metastatic disease and during off therapy surveillance for patients with metastatic disease. Such evaluation
is similarly true for the rare occurrence of other malignancies such as primary Ewing sarcoma in the skull
base and temporal bone. For the assessment of metabolic response of rhabdomyosarcoma by FDG PET
CT, it is still controversial whether FDG PET CT can predict treatment response38,39. Further studies are
needed to determine the role of PET CT in predicting treatment response.

Imaging at Diagnosis

MRI of the brain and skull base or temporal bones without and with contrast is recommended at initial
diagnosis of a skull base or temporal bone tumor. (GRADE C, SOR 1.00, very strong recommendation)

CT of the temporal bones without contrast is recommended at initial diagnosis of a temporal bone tumor.
(GRADE C, SOR 1.08, very strong recommendation) Contrast-enhanced CT is not recommended unless
MRI is contraindicated.

CT of the head without contrast is recommended at initial diagnosis of a skull base tumor. (GRADE
D, SOR 1.42, very strong recommendation) Contrast-enhanced CT is not recommended unless MRI is
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contraindicated.

Full body PET CT is recommended at initial diagnosis/staging of a skull base or temporal bone sarcoma.
(GRADE D, SOR 1.0, very strong recommendation) Standard chest CT is typically concomitantly performed.

Imaging at Follow-up

MRI of the brain and skull base or temporal bones without and with contrast is recommended during on
therapy follow up of a skull base or temporal bone tumor. (GRADE C, SOR 1.00, very strong recommenda-
tion) CT of the head without contrast for the skull base or CT temporal bone without contrast may provide
complementary information at follow up, especially as it relates to bony treatment response. CT, however,
does not serve as a primary method of follow up. Contrast-enhanced CT is not recommended for such follow
up unless MRI is contraindicated.

Full body PET CT is recommended during on therapy follow up of a temporal bone or skull base sarcoma
with metastatic disease at presentation. (GRADE C, SOR 1.00, very strong recommendation) Standard
chest CT is typically concomitantly performed.

Imaging Off Therapy/Surveillance

MRI of the brain and skull base or temporal bones without and with contrast is recommended during off
therapy surveillance of a skull base or temporal bone tumor. (GRADE C, SOR 1.00, very strong recom-
mendation) CT of the head without contrast for the skull base or CT temporal bone without contrast
may provide complementary information during off therapy surveillance. CT, however, does not serve as
a primary method of off therapy surveillance. Contrast-enhanced CT is not recommended for off therapy
surveillance unless MRI is contraindicated.

Full body PET CT is recommended during off therapy surveillance of a skull base or sarcoma with metastatic
disease at presentation. (GRADE C, SOR 1.0, very strong recommendation) Standard chest CT is typically
concomitantly performed.

FUTURE TRENDS

In the oncologic setting, CT and MRI play a pivotal role in not only providing the diagnosis and information
on disease burden but also evaluating treatment response and imaging surveillance. However, conventional
CT and MRI techniques occasionally have limitations in differentiating between different types of tumors
that may occur in the same location or differentiating between treatment-related changes and viable tumor
in the posttreatment setting. In addition, they do not provide detail regarding tumor histoarchitecture and
physiology or imaging parameters that can be used for risk stratification. As a result, over past decades,
there has been great effort in developing advanced imaging techniques that can address these formidable
challenges35,40-42.

Dual-energy CT allows acquisition of images simultaneously at high- and low-energy spectra simultaneously
with radiation doses that is equal to or less than the conventional single-energy CT. Virtual noncontrast
images can be generated from dual-energy CT dataset reducing acquisition time and radiation 43. Iodine
concentration in the tumor can also be assessed qualitatively and quantitatively. This may help in tumor
delineation and separation between residual viable tumor and treatment fibrosis44.

There are several advanced MRI techniques that are used for imaging of tumors in the skull base and head and
neck region, such as high-resolution 3D MRI, DWI, MR perfusion, and MR spectroscopy. These techniques
have demonstrated a wide range of potential utilities in diagnosis, tumor prognostication and posttreatment
evaluation35,40,41. Moreover, newer MR technology such as fast MRI sequences can reduce the scan time
which is particularly useful in pediatric population as it can minimize motion artifact and decrease sedation
needs45. Furthermore, zero echo time (TE) sequences, so called black bone MRI, may show promise in bone
evaluation due to its high soft tissue/ bone contrast reducing the need for CT46,47. More scientific data and
research are needed to evaluate the efficacy of these advanced techniques in clinical practice.
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Finally, with the advent of powerful processing capabilities, artificial intelligence in radiology (radiomics) will
allow for extraction of quantifiable data from imaging furthering tumor and treatment imaging phenotype
understanding. Combining radiomics and genomics, so called radiogenomics, may aid in tumor behavioral
understanding and risk stratification and prognostication.
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