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Abstract

Although a small proportion of all cancer registrations, malignancy in adolescence and young adulthood remains the
most common natural cause of death in this age group. Advances in the management and outcomes of childhood
cancer have not been matched within the adolescent population, with increasing incidence and poorer survival seen
amongst teenagers with cancer compared with other populations. There have been increasing moves towards specific
adolescent oncology centres, with the aim of centralising expertise, however, ‘adolescent imaging’ does not exist as a
speciality in the same way that paediatric imaging does, with responsibility for imaging adolescent patients sometimes
falling to paediatric radiologists and sometimes to ‘adult’ radiologists, usually with a specific interest in a tumour
type or body system. In this article, imaging of the more common malignancies, encountered in adolescent patients is
reviewed. Complications of treatment are reviewed in another article to give an overview of adolescent oncology

imaging practice.
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Introduction

Paediatric oncology is, by its very nature, a unique and
distinctly different medical speciality to all other oncolo-
gical practice. In contrast to an organ system-based
division of tumour types as in adult practice, paediatric
oncology is an age-based speciality, with a wide variety of
different tumours seen within this group of patients. Not
only are the tumours encountered within paediatric
oncology a varied group, but the patients themselves
are also a heterogeneous group, ranging from the new-
born to the teenager, and possibly beyond. There are
various definitions of what constitutes ‘paediatric’ or
‘adolescent’ patients, and the terms ‘children’, ‘teenagers’
and ‘young people’ are sometimes used loosely. In its
guidance Improving Outcomes in Children and Young
People with Cancer, the National Institute for Health
and Clinical Excellence regards those aged less than
15 years as children, and those aged from 15 to 24 as
young people“]. In the United Kingdom, the Children’s

Cancer and Leukaemia Group (http://www.cclg.org.uk)
reports patients aged up to 15 years separately from
those older than 15 years, with the National Registry of
Childhood Tumours (http://www.ccrg.ox.ac.uk) register-
ing all malignancies (and benign brain tumours) in
patients less than 15 years living in the United
Kingdom at the time of diagnosis. The spectrum of malig-
nant diseases in adolescence and early adult life is differ-
ent from that in any other period in life, and it is
strikingly different from the pattern in adults and that
seen in younger children'?!. More people 15—25 years
of age are diagnosed to have cancer than during
the first 15 years of life. During the last 25 years, the
incidence of cancer in this age range has increased faster
and survival rates have been significantly lower than in
younger or older patients[2_5 1. The transition from child
to adolescent and adolescent to young adult is of course a
continuum, with gradually changing needs and can be
daunting. Adolescent oncology patients have in the past
fallen between age inappropriate paediatric services and
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adult oncology services, leading to the description of ado-
lescent oncology representing the ‘lost tribe’!®). The ‘lost
tribe’ have in recent years found a home, with 8 dedi-
cated teenage cancer centres now established within the
United Kingdom.

This article reviews the imaging features of the most
common adolescent and early adulthood cancers.

Types of cancer

There are approximately 1400 new cases of malignancy
diagnosed in children (age 0—14 years) per year in the
United Kingdom, with 27.9% occurring in the 10—14
years age group (The National Registry of Childhood
Tumours, 2000 data). Cancer incidence rates for adoles-
cents and young adults are not included in the National
Registry of Childhood tumours data and the most recent
resource available is a report by Birch et al! document-
ing the incidence of malignant disease by morphologic
type in patients age 12—24 years for the period
1979—1997. Most of the common ‘developmental’ malig-
nancies in children younger than 5 years of age, including
the embryonal malignancies such as Wilms tumour, neu-
roblastoma and hepatoblastoma, are uncommon in ado-
lescents and young adults, for example with only 40 cases
of Wilms tumour seen in the age range 12—24 years in
the entire study period. The incidences of malignant bone
tumours, germ cell tumours, and lymphoma have a peak
in incidence during adolescence and young adulthood.
Central nervous system tumours are seen less frequently
than in children less than 10 years, but still accounted for
2.9% of new cancer cases. Astrocytoma is the most
common tumour observed, with a trend towards higher
grade tumours with increasing age. Although a significant
proportion of adolescent oncology workload, given the
childhood predominance of central nervous system
(CNS) tumours, astrocytomas are not discussed further
in this review. Adolescents and young adults are less
likely to develop the cancers that predominate in older
adults, such as carcinomas of the gastro-intestinal and
genito-urinary tracts; however these malignancies can
be seen.

Lymphoma

Lymphoma shows a marked increase in incidence with
increasing age, being the most common cancer affecting
15—24 year olds!”! (20% of all cases), with Hodgkin lym-
phoma (HL) alone accounting for 12% of all new cancer
diagnoses in this age group. Rates for HL and non-
Hodgkin lymphoma (NHL) show steady increases with
increasing age, with HL being approximately 3 times
more common in the 20—24 year age group than
12—-14 yearsm.

Lymphoma typically presents as painless lymphadeno-
pathy, with or without systemic symptoms such as fever,
night sweats and weight loss. A mediastinal mass may be

found incidentally on chest radiographs performed for
other reasons. Pathologically HL can be divided into nod-
ular lymphocyte predominant HL and classic HL (nodu-
lar sclerosing, lymphocyte rich, mixed cellularity or
lymphocyte depleted). NHL is a more heterogeneous
group, with both T and B cell lymphomas seen, including
Burkitt lymphoma, lymphoblastic lymphoma and large-
cell lymphomas. NHL seen in children and adolescents
tends to be more aggressive and of higher grade than that
seen in the adult populationls].

Lymph node enlargement can be seen as multiple,
rounded soft-tissue masses or bulky soft-tissue masses
caused by nodal aggregation. Usually, a homogeneous
soft-tissue mass is noted, but it may be heterogeneous
when it is large, with areas of low attenuation represent-
ing necrosis, haemorrhage, or cyst formation.

A mediastinal mass is a presenting feature in approxi-
mately 60—70% of cases of HL and 20% of cases of
NHL!!, HL tends to spread contiguously along lymph
node chains; by contrast NHL is frequently discontiguous
in its distribution. Pulmonary parenchymal involvement
and mediastinal lymphadenopathy are less common man-
ifestations of NHL than they are of HL®..

Multiple nodules are the most common feature of lung
involvement in both HL and NHL; however, poorly
defined opacification with air bronchograms may also
be seen. Features indistinguishable from pneumonic
change, such as bilateral airspace consolidation and seg-
mental or lobar atelectasis, are less common. Pleural
involvement is characterised by nodular or plaquelike
subpleural deposits of lymphomatous tissue. Pleural effu-
sion may be caused by obstruction of the lymphatics,
pulmonary veins, or thoracic duct, or as a result of
direct pleural invasion. Invasion of the thoracic wall as
a direct extension from mediastinal disease is more
common in NHL, although primary involvement of the
thoracic wall may occur. Thoracic wall involvement may
appear as a destructive rib or vertebral-body lesion with a
surrounding soft-tissue mass.

Liver and splenic involvement is seen in 15% and 22%
of patients, respectively, in NHL!!. Diffuse infiltrative
involvement of the liver, spleen, and bone marrow cannot
be accurately detected with computed tomography (CT),
as organomegaly is a poor predictor of tumour involve-
ment. In fact, approximately 30% of patients with splenic
enlargement do not have malignant involvement.
Sensitivity rates for CT are 15—37% for infiltrative splenic
disease and 19—33% for infiltrative liver disease''°!.

Staging

HL is staged using the modified Ann Arbor classification
system, with the same criteria as those used in adult
patients (Table 1). Because of a greater propensity
toward extranodal disease and unpredictable spread in
paediatric NHL compared with adult NHL, the Ann
Arbor system is not used. The most commonly used
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Table 1 Cotswold’s Revision of the Ann Arbor Staging
system.

Single lymph node region involvement, including isolated
splenic involvement
Two or more lymph node regions involved on the same
side of the diaphragm
Lymph node groups or lymph structures involved on both
sides of the diaphragm
Discontinuous extranodal involvement:
— Liver lesions
— Pulmonary lesions: nodule greater than 1cm or >3
nodules <1 cm in size
— Bone or bone marrow involvement
— CNS involvement
A Absence of ‘B’ symptoms
B Presence of at least one of:
a. Unexplained weight loss of more than 10% in 6
months
b. Drenching night sweats
c. Unexplained persistent or recurrent fever >38°C
E Involvement of a single extranodal site in continuity with
nodal disease. Except liver or bone marrow involvement
(always implies stage IV disease)

Stage I
Stage 11
Stage 111

Stage IV

Table 2 The Murphy system for staging childhood and
adolescent NHL.

Stage Features

1 Single extranodal tumour or single nodal anatomic area,
excluding the mediastinum or abdomen

11 Single extranodal tumour with regional lymph node
involvement

2 or more nodal areas on the same side of the diaphragm
2 single extranodal tumours with or without regional lymph
node involvement on the same side of the diaphragm
A primary gastro-intestinal tract tumour, with or without
involvement of the associated mesenteric nodes only, grossly
completely resected

1 2 single extranodal tumours on opposite sides of the
diaphragm
2 or more nodal areas above and below the diaphragm
All primary intrathoracic tumours, i.e. mediastinal, pleural or
thymic
All extensive primary intra-abdominal disease, unresectable
All paraspinal or epidural tumours, regardless of other tumour
sites

v Any of the above with CNS and/or bone marrow involvement

system for staging childhood and adolescent NHL is the
Murphy system (Table 2)“”.

Imaging of lymphoma

Plain radiographs, CT, ultrasonography, magnetic reso-
nance imaging (MRI) and positron emission tomography
(PET)-CT may be used in the staging, disease response
assessment and follow-up of lymphoma[lz_lsl. Anatomic
staging is performed using cross-sectional imaging to eval-
uate the neck, chest, abdomen and pelvis. MRI or CT can

Figure 1 Axial short time inversion recovery (STIR)
MRI (TR 5.97, TE 60, TI 130 ms) of a patient with
HL, showing a large mediastinal mass (long arrow),
with direct lung infiltration (arrow heads) and a large
pleural effusion (short arrow).

be utilised; however the thorax should be evaluated with
CT as there are no data available evaluating the effective-
ness of current MRI sequences for the detection of lung
parenchymal disease in lymphoma. The presence of chest
wall invasion has implications for treatment, with ‘E’ dis-
ease if present, upstaging the patient. Bergin et al'®!
report a greater sensitivity for the detection of chest
wall disease using MRI than that observed with CT in
a group of 28 adult patients; however, the definition of
chest wall disease in this series includes subpectoral
nodes, with only 6 of 14 observed positive sites being
contiguous with either mediastinal or pleural disease.
The accuracy of MRI in the assessment of chest wall
invasion in the paediatric population has not been fully
evaluated, although preliminary work seems promis-
ing[m. The use of respiratory and ECG gating (Fig. 1),
possibly in combination with motion correction MR
techniques such as Periodically Rotated Overlapping
ParallEL  Lines with Enhanced Reconstruction
(PROPELLER) MR pulse sequences (e.g. Siemens
‘BLADE’) which can reduce motion artefact, increase
signal to noise ratio, and produce sharp images even
with patient motion!'®!, deserve further investigation.

It is well recognised that CT has a limited sensitivity
and specificity for splenic visceral involvement by lym-
phoma”ol and there are no reports in the literature eval-
uating the sensitivity of MRI for the detection of splenic
lesions. The spleen, therefore, should be evaluated using
high-resolution ultrasound for small infiltrative lesions
not apparent on CT or MRI'!, Apart from these limita-
tions, MRI has much to recommend it for the staging and
response assessment of lymphoma in adolescents and
young adults, namely, a non-ionizing means of rapidly
evaluating the whole body, with increased sensitivity for
bone marrow and bone lesions compared with CT and
bone scintigraphy[zo’21 1
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Figure 2 Coronal STIR MRI (TR 5.97, TE 60, TI 130 ms) and PET images of a patient with HL, before chemotherapy
(A,C) and following 2 cycles of OEPA chemotherapy (vincristine, etoposide, prednisolone, doxorubicin) (B,D),
showing a small change in size of a left supraclavicular nodal mass (long arrows), and inadequate metabolic response

(arrow heads), with persistent PET positivity.

In addition to anatomic staging, metabolic assessment
of disease is also performed at initial staging, using PET.
PET is well established in adult Ilymphoma
practice“z_l“’zz’23 I"and is now utilised in paediatric and
adolescent HL. A multi-centre trial (EuroNet-PHL-C1,
http://www.lymphome.de/Gruppen/ GPOH-HD/
Protokolle/EuroNet-PHL-C1/Synopsis.pdf) using meta-
bolic response, as determined by PET response after
2 cycles of chemotherapy, is underway to decide if
radiotherapy should be used at the end of treatment,
with radiotherapy used in those patients who fail to
show adequate metabolic response (Figs. 2 and 3). The
rationale for this approach is based on evidence that
metabolic response after 2 cycles of chemotherapy
predicts outcome in HL"*. Hutchings er al.l**' evaluated
PET studies performed in 77 adult patients after 2 cycles
of chemotherapy and found that 11 of 16 patients show-
ing incomplete metabolic response progressed and 2 died
during a follow-up period of 23 months. By comparison,
3 of 61 patients with complete metabolic response pro-
gressed, with no deaths in this group. For prediction of
progression-free  survival, re-evaluating metabolic
response after 2 cycles of chemotherapy was as accurate
as evaluating after 4 cycles or at the end of treatment.
Re-evaluation after 2 cycles has the additional advantage
of likely greater volume of disease than at end of
treatment and hence a greater chance of detecting truly
positive disease, as PET may be falsely negative when
nodes are less than 1cm in size. There is very little role
for radiotherapy in childhood/adolescent NHL and
hence PET is not used routinely to assess disease
response in this population.

Functional assessment of disease using PET imparts an
additional radiation burden on an individual undergoing
treatment. Recent advances in MR sequences now allow
functional assessment of tissue to be made. The apparent
diffusion coefficient (ADC) of tissue, as derived
from diffusion-weighted MR imaging (DWI) reflects the
microscopic movement of water molecules within a

given tissue. ADC has been shown to correlate
with cell density of tissue both within the CNS'**! and
within paediatric body tumours!?®. A relationship
between ADC quantitative measure and the specific
uptake value (SUV) of lymphomatous nodes in paediatric
and adolescent patients has recently been described®’!.
Further work in this group of patients to correlate ADC
values after treatment with SUV and long-term follow-up
is needed to determine if quantitative ADC measure-
ments could be utilised as a non-ionizing means of deter-
mining disease response and/or relapse during follow-up.
Current guidelines for follow-up during the first year
following completion of therapy encourage the use
of cross-sectional imaging and ultrasound to evaluate
for disease progression (defined as occurring within
3 months following end of treatment), relapse, being
defined as early if between 3 and 12 months, or late
relapse if occurring more than 12 months following the
end of treatment. Where local expertise exists, MR has
advantages over CT for follow-up, as described earlier.

Bone tumours

Primary bone tumours have a peak incidence between
10 and 20 years, with Birch et al reporting the rate
to be highest between 12 and 19 years. Osteosarcoma
(OS) accounts for most bone tumours seen amongst
adolescents (approximately 55% of the total), with
Ewing’s family of tumours (EFT) being the next most
common (approximately one-third of the total).
Chondrosarcoma is seen with increasing frequency with
age, being more common in the young adult age group
(20—24 years) than at any other age. The more uncom-
mon bone tumours (including malignant fibrous histiocy-
toma of bone and other spindle cell tumours) as a group
accounted for approximately 3% of the total number
of primary bone tumours seen in the 12—24 years
age range[7_9].
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Figure 3 Coronal STIR MRI (TR 5.97, TE 60, TI 130 ms) and PET images of a patient with HL, before chemotherapy
(A,B) and after 2 cycles of OEPA chemotherapy (C,D). Initial imaging shows large volume right cervical (long arrow)
and supraclavicular fossa disease (short arrow), which is PET positive (arrow head). Following 2 cycles of OEPA there is
residual disease within the right supraclavicular fossa (short arrow, image C), but there is no FDG uptake, indicating an

adequate metabolic response.

OS and EFT most commonly present with pain.
Typically the diagnosis is delayed as the presenting symp-
tom is often attributed to ‘growing pains’ or minor
trauma. Red flag symptoms include persistent night
time pain or back or buttock pain. Systemic symptoms
such as fever are more commonly encountered with EFT
than OS. There are recognised associations with previous
retinoblastoma, prior alkylating agent treatment and
radiotherapy with the development of OS.

Imaging of primary bone tumours

Osteosarcoma has a proclivity for the metaphyses of long
bones, with the most common site being around the knee.
Plain radiograph features include an osteolytic appear-
ance, a sclerotic appearance or a mixed appearance.
Cortical destruction, periosteal reaction (which may be
so rapidly increased as to produce a Codman triangle),
new bone formation and a soft-tissue mass may be appre-
ciated on the plain radiograph and suggest the diagnosis.

EFTs may also affect long bones, but are also seen
affecting ‘flat’ bones, for example the iliac wing or ribs;

indeed approximately 50% of all EFTs arise within the
pelvis or the femur. Radiologically classic EFTs have a
permeative ‘moth eaten’ appearance, with an ‘onion skin’
periosteal reaction (Fig. 4). Although new bone forma-
tion is the hallmark of OS, this phenomenon may also be
seen in EFTs. The pelvic location of EFTs may hinder
rapid diagnosis as a significant soft-tissue mass may be
present without being clinically apparent.

The primary lesion should be staged for locoregional
extent using MRI, the chest evaluated using CT and dis-
tant bony sites evaluated using bone scintigraphy.
Locoregional MRI is used to evaluate the local tumour,
with particular care taken to assess which muscle com-
partments are involved, the relationship of the tumour to
neurovascular structures and to determine epiphyseal
involvement, as these factors are important for biopsy
and surgical planning. Percutaneous biopsy should be
performed at a designated bone tumour centre where
care is taken to avoid contaminating uninvolved muscle
compartments and the surgeon made aware of the path
taken, so that the biopsy tract can be resected at the time
of definitive surgery. Wide field of view Tl1-weighted
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Figure 4 Anterioposterior (AP) plain radiograph in a
patient with EFT of the distal right tibia, demonstrating
a lucent lesion with associated lamellated ‘onion skin’
periosteal reaction (short arrow) and a Codman triangle
(arrow head).

images should be performed as part of the staging MR to
evaluate the remainder of the bone in which the primary
tumour arises for ‘skip lesions’ and the contralateral side
to assess for metastases (Fig. 5). Chest CT and bone
scintigraphy complete the staging investigations, with
the aim of identifying metastatic disease. Approximately
10—15% of patients with OS have metastatic disease at
diagnosis, usually within the lungs or other bones?®! and
approximately 25% of patients with EFTs present with
metastases, usually lung metastases!?%).

Modern chemotherapeutic and surgical techniques
enable approximately 90% of patients to undergo limb-
salvage surgery rather than amputation[30], with surgery
taking place after induction chemotherapy. Following
resection the specimen is histologically graded according
to the degree of necrosis present. The degree of tumour
necrosis following induction chemotherapy is an

Figure 5 Selected slice from wide field of view coronal
T1-weighted MRI (TR 439, TE 14 ms) of the same patient
as Fig. 3. Note intermediate signal intramedullary tumour
(arrow) replacing the normal fatty marrow signal seen
contralaterally.

important factor in determining outcome!*!!, with greater

than 90% necrosis being a predictor of favourable out-
come!*?!. Narrow surgical margins and low necrosis
levels following chemotherapy are associated with an
increased risk of local recurrence®®!. Given that the
degree of necrosis present has an effect on the probable
outcome, yet is not possible to assess before surgery using
conventional imaging modalities, there have been efforts
to find novel techniques that may be able to determine
the level of necrosis before surgery, which in turn may
allow modification to treatment in those patients with a
low necrosis fraction following induction.

The concept of using DWI in OS is not new. Lang et al.
first described the use of DWI to assess tumour necrosis
in a rat model for OS in 199813*!. A recent clinical study
evaluated change in pre- and posttreatment tumour
volumes, ADC values, static post-gadolinium signal inten-
sity on T1-weighted images and contrast to noise ratios
on T2-weighted images in a cohort of patients with OS
and EFTs divided into 2 groups; those with >90% tumour
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necrosis and those with <90% necrosis!>*!. Of all the
parameters studied, only the change in ADC pre- and
post-induction showed a statistically significant difference
between the 2 groups. Despite Hayashida et al*! find-
ing no difference in changes of static post-contrast signal
intensity between the 2 groups, many other research
groups have evaluated dynamic MR contrast enhance-
ment both in relation to event-free survival*®! and com-
pared with necrosis measured histologically'®’!. Reddick
et al.®® describe a dual compartment model of dynamic
contrast enhancement as a measure of regional contrast
access to the tumour, with lower levels of regional con-
trast access and smaller size of the tumour being asso-
ciated with a better prognosis. Dyke et al®*"! found that
histograms for both the initial slope of contrast enhance-
ment and dual compartment pharmacokinetic model of
dynamic MR enhancement predicted the pathologic
tumour necrosis level in patients with OS and EFT
imaged following induction chemotherapy, before sur-
gery. The investigators suggest that this technique could
be used serially during chemotherapy to identify those
patients who may be inadequately responding (i.e.
those not achieving >90% necrosis) so that a modifica-
tion of therapy could be considered; however currently
there are no studies evaluating the changes in dynamic
MR contrast curves during chemotherapy, which are nec-
essary to determine what MR parameters, if any, predict
a necrosis fraction of less than 90% at the end of induc-
tion. Being able to identify inadequate response during
treatment would enable modification during induction
treatment, rather than modifying the post-induction,
pre-surgical phase of management. Further work in this
area is needed.

Functional assessment of osteosarcoma using PET
has also been compared with histopathologic necrosis
grade. Ye et alB¥ compared SUV,., and tumour to
background ratios (TBR) obtained pre- and post-induc-
tion chemotherapy with histologic necrosis at surgery,
reporting that tumour background ratio after treatment
and the ratio TBRpost—induclion/ TBRpre-induction showed a
statistically significant correlation with the degree of
necrosis. SUV,,.x, the most commonly measured param-
eter in PET, did not show a significant correlation with
necrosis fraction.

There have been limited reports of magnetic resonance
spectroscopy (MRS) being utilised to evaluate musculos-
keletal tumour metabolism. Wang et al®! and Fayad et
al'*®! have both demonstrated increased choline peaks
within malignant bone tumours compared with benign
lesions, using single voxell*®! and multivoxel MRS tech-
niquesm] at 1.5 T. The feasibility of MRS for musculos-
keletal lesions at 3 T has also been demonstrated [*!!. The
observed elevated choline peak is believed to reflect the
presence of glycerophosphocholine and phosphocholine
in addition to choline. These substances are utilised in
the synthesis and degradation of cell walls and hence it is
postulated that increased cell turnover seen in malignant

lesions leads to higher levels than those seen in benign
lesions. To our knowledge there are no studies evaluating
longitudinal MRS choline peak measurements in malig-
nant musculoskeletal lesions during treatment to assess
for change in the spectra obtained, nor the possible prog-
nostic value of such measurements.

Germ cell tumours (GCT)

There is a significant increase in the incidence of gonadal
GCTs amongst adolescents and young adults. This has
been reported to increase from 0.22 per 100,000 in
12—14 year olds to 1.18 in 15—19 year olds and to 3.5
in 20—24 year olds!”!, with testicular GCTs contributing
almost entirely to the increase in incidence. The adoles-
cent trends of non-gonadal GCT are less well documen-
ted. There is a small decrease in the incidence of
intracranial GCT with age, and there is a slight increase
in the incidence of other extragonadal sites! .

GCTs occur most frequently in the gonads (80—90%).
Extragonadal locations also occur in 5—10% of cases,
usually in or near the midline!**). The mediastinum is
the most common extragonadal location (Fig. 6),
representing 50-70% of extragonadal GCTs!*3,
Retroperitoneal tumours are the second most common
(30—40%), followed by intracranial tumours (1-5%),
with a predilection for the pineal and the suprasellar

regions[44]. Sacrococcygeal GCTs and extragonadal
germ cell cancer syndrome are rare entities in
adolescence!*3.

Testicular GCTs are classified from their histologic
features into seminomas and non-seminomas.
Seminomas account for about 40% of GCTs, of which
classic and anaplastic cell types constitute the majority.
The rest are classified as spermatocytic.

Figure 6 Axial contrast-enhanced CT section of a
mediastinal germ cell tumour demonstrating a large
heterogeneous anterior mediastinal mass, containing
areas of fat (short arrow) and calcification (arrow head).
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Non-seminomas account for about 60% of GCTs.
Non-seminomas occur in patients aged 15—35 years.
Lymphatic and vascular invasion is associated with a
higher rate of relapse and predicts occult nodal
metastases' 3.

Ovarian GCTs account for more than half of all ovar-
ian tumours in childhood and adolescence, with approx-
imately one-third being malignant. The most common
histologic type of malignant tumour is dysgerminoma,
with immature teratoma, choriocarcinoma, embryonal
carcinoma and endodermal sinus tumours being the
other types observed.

Imaging of GCTs

The diagnosis of GCTs is based on a combination of
clinical examination, evaluation of biochemical tumour
markers (o-fetoprotein (AFP), human chorionic gonado-
tropin (HCG) and lactate dehydrogenase (LDH)) and
imaging investigations.

Ultrasonography of the testes is mandatory in gonadal
GCTs, to diagnose, distinguish from other scrotal pathol-
ogies and assess the contralateral testis. The tumours are
usually hypoechoeic compared with the normal testis,
although varied degrees of increased echogenicity have
also been described. These tumours may present as multi-
focal lesions or diffuse infiltration causing subtle alter-
ation in testicular echotexture!*¢!.

CT of the chest, abdomen and pelvis with oral and
intravenous contrast is required for staging and follow-
up, to evaluate for nodal metastases and to assess for
intra-abdominal spread in the setting of ovarian tumours.
It has been suggested that patients who have stage I
testicular tumours (limited to the testis, epididymis or
spermatic cord) can have a chest radiograph as an alter-
native to CT of the chest for surveillance!*’~*°!. There
are limitations to the use of CT in staging. It should be
noted that pulmonary/pleural nodules of <1 cm can rep-
resent a false—positive finding.

Interpretation of lymph nodes based on morphology
and size on CT scans of the abdomen and pelvis can
also be difficult and might give false-negative results in
up to 30% of cases, making the differentiation between
stages I and IIA (retroperitoneal node involvement <2cm
diameter) unreliable!47+4%-301,

Evaluation of the retroperitoneum is best performed
using CT, which is more sensitive than ultrasound in
assessing the size and extent of the disease®!.
Ultrasonography in staging is reserved for the evaluation
of solid organ involvement such as the liver and
spleen[47’48].

A report of the FEuropean Germ Cell Cancer
Consensus Group (EGCCCG), advised that MRI scans
of the abdomen and pelvis should be restricted to
patients to whom intravenous contrast media cannot be
given as MRI does not provide additional informa-
tionm]; however, there is emerging evidence that MRI
is useful in the detection and characterisation of CNS,

musculoskeletal and hepatic metastases and demonstra-
tion of inferior vena cava (IVC) tumour invasion, enteric
fistulae and vascular anatomy in patients before retroper-
itoneal lymph node surgery[53’54]. There is also some
evidence that lymphotrophic nanoparticle-enhanced
MRI (LNMRI) demonstrates higher sensitivity and spe-
cificity for detecting nodal metastases compared with
unenhanced MRI and CT[SS], although the numbers of
patients in this study were small and more work is needed
in this area.

The role of PET-CT in GCT is controversial. The
EGCCCG advised that PET scans are not to be used
outside clinical trials as part of routine initial staging
procedures. However, PET-CT may also have a role in
routine clinical practice. For initial staging, there is some
evidence that PET-CT may be helpful in detecting
involved nodes less than 2cm in diameter (which
would upstage to IIA) in otherwise apparently stage
I non-seminomatous disease!>®*’. There are also several
studies that advocate the use of PET-CT for follow-up as
it can detect residual disease in post-chemotherapy semi-
noma and differentiate between fibrosis and recurrence,
particularly when there is a discrepancy between tumour
markers and imaging changes[5 81 The role of PET-CT as
a predictor of response is less clear in the literature!*®!.

Bone scans should be performed in patients with
elevated levels of alkaline phosphatase or if bone metas-
tases are clinically suspected.

Carcinoma

The incidence rates for carcinoma increase with increas-
ing age. Head and neck cancers are the commonest in
12—14 year olds and 15—19 year olds. However, these
only make up 24% of all carcinomas in 20—24 year olds.
The thyroid is the commonest site followed by nasophar-
yngeal carcinoma, which is very rare in the United
Kingdomm.

Carcinomas typically seen in adults are rare in adoles-
cents but show a steady increase with increasing age.
This is particularly observed in the genito-urinary tract
with invasive cervical and uterine carcinoma contributing
to the largest increase. Gastro-intestinal malignancy seen
in adolescents mainly involves the colon and rectum!’!.

Thyroid carcinoma

Thyroid carcinoma in adolescents differs from adult
onset thyroid cancer in its presentation and clinical
course. It usually presents with bulkier tumour disease,
greater incidence of lymph node and pulmonary metas-
tases and also has a higher recurrence rate!®®. However,
it tends to have an excellent prognosis.

It is estimated that the tumour involves both lobes of
the thyroid in 20—49%. Cervical lymph node involvement
is observed in 60—90% at the time of presentation[ﬁol.
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Reports vary as to the incidence of pulmonary metastases
varying between 6 and 33964,

Papillary carcinoma is the commonest histologic
type (60%), followed by follicular variant of papillary
carcinoma (20%) and pure follicular in 5%. Medullary
thyroid carcinoma is very rare and is confined to patients
with multiple endocrine neoplasia type 2A and 2B!°!.
Predictors for increased recurrence rate include capsular
invasion, soft-tissue invasion, positive tumour margins
and the location of the tumour!®°!.

Imaging of thyroid carcinoma is performed using ultra-
sonography to characterise the lesion and evaluate local
lymph nodes. Ultrasonography is useful in differentiating
solid from cystic lesions and revealing non-palpable
lesions. Cystic lesions are usually considered to be

Figure 7 Transverse ultrasound image of the left lobe
of the thyroid and isthmus (short arrow). The left lobe
of the thyroid contains a heterogeneous echogenicity
nodule, with multiple small foci of calcification (between
callipers). Fine-needle aspiration revealed papillary thyroid
carcinoma.

benign; a solid nodule is more likely to be malignant.
However, up to 50% of malignant lesions may have a
cystic component, and approximately 8% of cystic lesions
represent malignancies[(’zl. Benign features on ultrasound
include multiple, solid isoechogenic or non-echogenic
lesions and a uniform peripheral halo!®?, Malignant fea-
tures include a thick irregular halo, microcalcification
(Fig. 7), and marked hypoechogenicity (compared with
the normal thyroid tissue). Colour Doppler sonography is
valuable in distinguishing a cystic lesion (with no vascu-
lar flow) from a solid neoplasm (with intranodular
flow)!®3!. Suspicious lesions should undergo fine-needle
aspiration for histologic diagnosis[("”.

Non-contrast CT is used for evaluation of substernal
extension, local invasion, lymph node and pulmonary
metastasis. The CT lung findings of metastatic disease
include diffuse milliary nodules or, less often, infiltrating
nodules!®®).

Thyroid scintigraphy has not proven worthwhile in
distinguishing malignant from benign disease. Classic
hot spots are associated with about a 6% incidence of
malignancy[“]. Cold nodules are usually benign adeno-
mas, although, in children, a larger number of these are
carcinomas!®®!. Solid lesions that are cold on scintigra-
phy are malignant in about 30% of cases'®’!. Untreated
hot nodules can progress to carcinoma!®®!. Surgical treat-
ment is advisable for all children and adolescents with
autonomously functioning thyroid nodules because of the
risks of hyperthyroidism and thyroid carcinoma!®®!.
Total-body radioactive iodine scans often reveal pulmo-
nary or nodal metastases, which are not visualised
on CT!®!,

Nasopharyngeal carcinoma

Nasopharyngeal carcinoma (NPC) is a tumour arising
from the epithelial cells that cover the surface and line

Figure 8 Axial contrast-enhanced fat-saturated T1-weighted MRI (TR 567, TE 12 ms) of a patient with nasopharyngeal
carcinoma (long arrow) invading the left parapharyngeal space, parotid and left maxillary antrum (short arrow), with

multiple lymph node metastases (arrow heads).
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the nasopharynx. The annual incidence of NPC in the
United Kingdom is 0.3 per million at age 0—14 years,
and 1-2 per million at age 15—19 years, with higher
incidence in the oriental population[69].

Three subtypes of NPC are recognised in the World
Health Organization (WHO) classification: squamous
cell carcinoma, typically found in the older adult popu-
lation, non-keratinizing carcinoma and undifferentiated
carcinoma. Approximately one-third of nasopharyngeal
carcinomas of the undifferentiated type are diagnosed
in adolescents or young adults!®®).

NPC usually originates in the lateral wall of the naso-
pharynx, which includes the fossa of Rosenmiiller. It can
extend to the opposite lateral wall and postero-superiorly
to the base of the skull or the palate, nasal cavity or
oropharynx. It then typically metastasizes to cervical
lymph nodes, which can be the initial presentation in
many patients (Fig. 8). Distant metastases may occur
in bone, lung, mediastinum and, more rarely, the liver.

Imaging features of NPC on CT and MRI in adoles-
cents and young adults differ from those in the elderly.
It wusually presents as a homogeneous enhancing
mass lesion in the nasopharynx, which is isointense to
slightly hyperintense (relative to muscles) on T1- and
T2-weighted images'’®’!!. Local invasion and cervical
lymph node involvement, which occurs in 80—90% of
cases, are also common but tend to be homogeneous
without evidence of necrosis on CT!7%~"2],

The differential diagnosis of NPC includes lymphoma,
juvenile angiofibroma and rhabdomyosarcoma. Juvenile
angiofibroma is usually easily diagnosed on CT and MRI
because of its avid enhancement and flow voids on MRI.
Rhabdomysarcoma tends to be heterogeneous in signal
intensity. Lymphoma tends to have a particularly high
T2 signal intensity. The pattern of local invasion can
also differentiate NPC from other possible diagnoses.
It tends to be aggressive and destructive, involving the
skull base in 80%, which is only observed in 18% of
rahbdomyosarcomas”1’72]. Lymphoma usually causes
permeative bone destruction and invades the skull base
through the foraminal”!"2!.

Conclusion

The spectrum of malignancy seen during adolescence
and early adulthood is unlike that seen at any other
time in life. Close working relationships between those
involved in imaging adolescent oncology patients (be
they paediatric radiologists or ‘adult’ radiologists with
special interests in particular body parts or tumour
types) and clinical colleagues, as part of a wider multi-
disciplinary team, is essential to provide a coherent ado-
lescent oncology imaging service. Further research
towards a greater understanding and characterisation of
pathologic processes and treatment change that may help
risk stratify adolescent patients is needed. This may help

improve outcomes, which hitherto have lagged behind
both adult and paediatric patients.
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