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Excluding accidents, malignancy is the
most common cause of death in
children over one year of age. There

are approximately 140 new cases per million
children diagnosed under the age of 15 years
each year in the UK. The majority of cancers
diagnosed are malignant (93%) and the most
common of these is leukaemia, which
accounts for 32% of all cancers.  Lymphomas
and solid tumours account for a further 55%.
Of the solid tumour group, the most common
are CNS tumours (approximately 24%) with
Wilms’ tumours, retinablastomas, and soft
tissue sarcomas being relatively less
common. The prevalance of childhood
cancers is marginally higher in males when
compared to females [1]. 

The incidence of all malignancy in
childhood has increased by almost 45% since
the late 1960s, with recent results from ACCIS
project stating an average annual increase of
1.1% across Europe from 1966-2000 [1]. This
global increase in incidence is not necessarily
due to the changes in risk, but may largely be
due to the improvements in diagnosis and
registration of childhood tumours. 

Whilst the incidence of paediatric tumours
has apparently increased since the 1960s the
average mortality rate in the developed world
has fallen, by approximately half, in the same
period of time. The average mortality rate of
childhood tumours in the UK is currently 27
per million, with a third of all cancer related
deaths as a result of brain and spinal
tumours. The five year survival rate for any
child diagnosed with cancer varies greatly
dependent on the tumour type; patients with
retinoblastoma have a five year survival rate
of 99% whilst high grade gliomas remain
incurable The mean five year survival rate for
all paediatric cancers is 78%, which drops by
5% at 10 years.  The vast majority of patients
who survive greater than ten years will be
cured from the disease, however, a cohort of
this group experience a higher mortality rate
at 25 years than the general population as a
direct result of the intensive therapies [2]. 

PET-CT indications and complications in
paediatrics
18F-FDG PET-CT, is widely used in oncology
imaging. In recent times there have been an
increasing number of studies to suggest that
PET-CT is also of benefit in paediatrics. 

18F-FDG PET-CT, is a radioactive tracer
that acts as an analogue of glucose. Many
tumour types have an increased glucose
utilisation, as the result of many factors that
promote and sustain tumour growth and
dissemination. FDG labelled PET-CT can
detect abnormal areas of metabolic activity
and the CT component of the study will
anatomically localise such areas precisely.
This fusion of technologies allows us to map
the anatomical distribution of radiolabelled
tracers. 

The main indications for the use of PET-CT
include staging, restaging, and assessment of
response to therapies, radiotherapy planning
and planning of appropriate follow up for
lymphoma and solid tumours of childhood. 

Tracers other than 18F-FDG are available.
Tracers with the ability to identify areas of
hypoxia within tumours are now used in
some units. This information can be used to
direct therapies more effectively, as areas of
hypoxia may harbour malignant cells that are
more difficult to treat, than well perfused
tissue. Other tracers can be used in
cardiology, to assess the myocardium and
identify areas of hibernating myocardium
that would benefit from a revascularisation
procedure. The development of new tracers is
constantly ongoing but many of these
developments remain within the research
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Figure 1: Average annual numbers and percentages of new cases of childhood cancer by diagnostic group
and sex, Great Britain, 2001-2005

Image 1a: Coronal CT scan demonstrating a right
sided Wilms tumour.

Image 1b: Coronal fused PET CT scan demon-
strates FDG uptake at the superior aspect of the
tumour and relative photopenia elsewhere. The
resected specimen confirmed viable tumour in
the same pattern as the FDG uptake.
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domain at present. 18F-FDG is however a
well established workhorse within oncology
and is set to remain as the predominant
tracer for years to come.

In comparison with CT alone, PET-CT is
has reduced intra-observer variability [6]. In
addition, it decreases the time lapse from
diagnosis to treatment as a result of its
increased sensitivity.  PET-CT may reduce
this false-positive rate because it allows sites
of physiologically increased FDG activity to
be accurately localised and distinguished
from tumour-based activity.

There has been some concern regarding
additional radiation dosages to the child
associated with PET-CT rather than PET
alone. The amount of additional radiation
varies on an individual basis and is primarily
dependent on the desired image quality. CT
protocols should include weight and axial
diameter-adapted CT parameters as well as
age-adapted amounts of contrast agent.

However, a study by Franzius et al, which
reviewed greater than 350 paediatric PET-CT
examinations, showed that benefits of low-
dose PET-CT, such as improved lesion
localisation and probable superior sensitivity
and specificity, out-weighed the associated
radiation risks in young oncology patients. It
was also noted that an increasing number of
paediatricians requested diagnostic CT in
addition to low dose PET-CT, thus concluding
that a combination of the two investigations
(if both are indicated) had the advantage of a
shorter acquisition time, improved
compliance and limited the use of sedation
and anaesthesia [7]. 

Contraindications for PET-CT are
uncommon in paediatric age group, however
it is important to out rule any possibility of
pregnancy for females of child bearing age. 

Diagnostic value of PET-CT in paediatric
oncology
A recent retrospective study published in
European Journal of Nuclear Medicine and
Molecular Imaging in 2009 compared the
diagnostic value of PET-CT versus PET and
CT alone in the staging and restaging of
paediatric solid tumours [4]. The study
comprised of 43 children with a mean age of
15.2 years (range 6-20 year old), who had
undergone PET-CT imaging for primary
staging or follow up of metastases of a
diagnosed cancer. The presence, location,
size of primary tumour was determined
separately for PET-CT, PET and CT by two
experienced reviewers. The primary
diagnosis was confirmed by histopathology,
whilst the presence or absence of metastases
was confirmed by either histopathology or
clinical and imaging follow up.

The results of the study showed that there
was no statistical significance in the
sensitivities of the three modalities for the
detection of solid primary tumours. The
sensitivity for the detection of metastases
was significantly higher with the use of PET-
CT compared to PET alone, but not CT alone.
However, when lesions with a diameter of
less than 0.5cm were excluded, PET-CT

showed a significantly higher specificity
compared to both PET and CT. PET-CT was
also found to have a higher specificity over
CT alone for the characterisation of
pulmonary metastases and lymph node
metastases with a diameter of less than 1cm.

In this article we will look at the use of
PET-CT in a number of specific of both
common and uncommon solid tumours.

Brain tumours
One quarter of all childhood malignant
tumours are primary brain tumours; the most
common of these being medulloblastoma.
The majority of childhood brain tumours
arise in the posterior fossa, unlike their adult
counterparts, however masses can also be
found in ventricles, brain stem or spinal cord. 

Clinical presentation is usually dependent
on site of the tumour, but the most common
presentation is related to signs and symptoms
of raised intracranial pressure. MRI is first line
investigation for suspected brain tumour as it
best demonstrates tumour characteristics. In
many cases biopsy of an intracranial lesion
can prove difficult, if not impossible. The
PETCT study provides a non-invasive method
for assessing the metabolic activity of a lesion
and can provide additional anatomic
information, with respect to tumour spread.
These factors can prove crucial for
determining surgical and/or medical stategy.

Recent paediatric studies have shown that
FDG labelled PET-CT is useful in
differentiating active brain tumours from
post-treatment sequel, monitoring the

metabolic activity of tumours over time and
response to treatment. Methionine labelled
PETCT or MET-PET has established
usefulness in evaluating post treatment
contrast enhancement in childhood CNS
tumours. However, due to its nonprotein
metabolism it makes protein synthesis
analysis very difficult. There have been
several proposals that other amino acid
tracers such as carbon-11 marked tyrosine
may be a more suitable replacement for MET
and complement for FDG [7].

Whilst evidence for the value of PET and
PET-CT in paediatric brain tumours is
limited, there are some studies which suggest
that there is potential role of these imaging
modalities to improve the clinical outcome of
childhood brain tumours by increasing the
accuracy and therefore choice of drug
therapies.

Neuroblastoma
Neuroblastoma is malignant tumour of the
neural crest tissue in the adrenal medulla
which commonly presents with an
abdominal mass before the age of five years.
It is the most common extra-cranial solid
malignant tumour of childhood and accounts
for 7% of all paediatric tumours. The primary
tumour may be anywhere in the sympathetic
chain from but is typically of adrenal origin.
The masses are often very complex at
presentation – large, crossing the midline,
involving many blood vessels and lymph
nodes. It can be associated with over
expression of the oncogene N-myc, deletion
of genetic material on chromosome 1 (del 1p)
and addition of material on chromosome17q.
All of these characteristics are associated
with a poorer prognosis.

Radiological diagnosis is made with bone
scan, SPECT-CT and the gold standard MIBG
scan. PET and PET-CT have been found in
some recent cases to be of potential use in
confirming disease extent and monitor
disease response. PET-CT is particularly
helpful in the MIBG negative lesions which
often have a high glucose utilisation and may
only be detectable on the PET-CT study.

Few children are suitable for curative
surgery alone, as by the age of one most
patients will already have advanced
metastatic disease. Chemotherapy plays a key
role in treatment, however the recurrence
rate remains high and cure rate is
approximately 30% in these patients.

Rhabdomyosarcoma
Originating from primitive mesenchymal
tissue, rhabdomyosarcomas are the most
common soft tissue sarcomas. There are a
wide variety of primary sites, with sarcomas
in the head and neck accounting for 40% of
primary sites of the disease and tumours of
the genitourinary tumours being the next
most common. The peak age of diagnosis is
approximately three years old and is seen
more commonly in males than females.

PET-CT can provide a comprehensive
assessment of the site, size and extent of the
disease; it has particular benefit for the 15%

Image 2a/2b: PET MIP and axial views of a
recurrent glioma, confirmed histologically.The
FDG uptake shows the site of disease, which was
not clearly identified on CT or MRI scanning.
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of patients who present initially with
metastatic disease. There is some evidence to
suggest that even those patients who present
with a tumour that is favourable to complete
resection may in fact also have
micrometastatic disease. In these incidences,
PET-CT is advantageous over CT or PET
alone due to increased sensitivity [2]. 

Generally the tumour margins associated
with rhabdomyosarcomas are ill defined and
so primary surgical excision is typically
unsuccessful. First line management for the
remainder of patients is aggressive treatment
with chemotherapy and radiotherapy. The
response to this aggressive treatment can be
measured quantitatively by the use of PET-
CT. Overall cure rates for childhood
rhabdomyosarcoma is 65% at present.
Recurrence of the disease, highest within first
ten years from diagnosis, is often in unusual
soft tissue sites which may be missed by
clinical exam and conventional imaging. 

Ewings sarcoma
Tumours of the Ewing sarcoma family were
first described in 1921, thought to be derived
from cells of the neural crest and associated
with translocation t(11;22). The peak
incidence is in late teens, with a slightly
greater male predominance. Caucasians are
nine times more likely to be affected by this
tumour type than AfroCarribeans.

As with other soft tissue sarcomas, PET-CT
is useful in the evaluation of metastatic
disease and staging as well as follow up post
chemotherapy. The intensity of tracer uptake
within a sarcomas has been shown to
broadly correlate with the degree of
differentiation, that is, well differentiated
tumours with a low mitotic index, tend to
have low grade FDG uptake and more
aggressive lesions tend to show greater
intensities of tracer accumulation. The
overall survival rate in this group, with
treatment, is 60%.

Wilms’ tumour
The most common renal tumour of
childhood, Wilms’ tumour accounts for 6%
of all paediatric cancers. The vast majority of
patients will present with a large abdominal
mass and are generally asymptomatic. Eighty
percent of these patients present before the
age of five, with the peak age of diagnosis at
three to four years old. At diagnosis it is
thought that approximately 5% of patients
will have bilateral disease. A mutation of
genetic material in chromosome 11 has been
identified from the rare association between
Wilms’ tumour and aniridia. Other genetic
syndromes are also described.

CT/MR are the imaging modalities of
choice for diagnosis of nephroblastoma.
However, PET-CT is useful to assess distant
metastases and initial tumour resectibility
[5].

Treatment and prognosis are disease stage
dependent. The current guidelines in the UK
recommend that all children, older than six
months, should receive chemotherapy and
delayed nephrectomy with further treatment

plans dependent on the histological staging
of the tumour. Radiation therapy is limited
only to those with advanced disease. 
Osteosarcoma
Malignant bone tumours account for one
tenth of all cancers diagnosed in 10-14 year
olds. They are rarely encountered in patients
below the age of three and whilst incidence
rates are similar in both sexes at a young age
there is male predominance once puberty is
reached. Osteosarcoma represents over half
of malignant bone disease. It is often
asymptomatic, although history of chronic
bone pain or swelling over the long bones
should raise suspicion as these are the most
common primary disease sites.

A retrospective study published in 2009
investigated 18F-FDG PET-CT as a indicator
for progression free and overall survival in
osteosarcoma [4]. The study comprised of 31
patients who underwent the examination
before and after chemotherapy for diagnosed
osteosarcoma, followed by a tumour
resection. The results demonstrated that a
good overall and progression-free survival
was associated with >90% tumour necrosis,
which was most strongly associated with a
decreased SUV(max). Therefore, the study
authors concluded that PET-CT could be used
as a prognostic indicator for overall survival,

progression-free survival and tumour
necrosis.

Neoadjuvant chemotherapy followed by
complete surgical resection, typically limb
salvaging, is the treatment of choice. The
prognosis is dependent on stage, five year
survival ranging from >90% for the local
disease to approximately 30% in those with
metastatic disease at presentation.

Conclusion
PET-CT has been a crucial adult oncology
imaging modality for many years and has in
recent times also become one of increasing
importance in paediatrics. It provides a
technique for non-invasive evaluation and
monitoring of children with confirmed or
suspected malignancy. 

Whilst the current volume of completed
studies investigating the role of PET-CT in
paediatric tumours is limited, there is
increasing evidence to validate its usefulness
in staging, restaging, treatment monitoring
and detection of disease recurrence. In
addition there are promising studies to
suggest the advantages of fused PET-CT over
stand alone PET and CT imaging.

Despite the present concerns over
increased radiation, it is anticipated that
further research in this area will provide
protocols to ensure optimal dose reduction as
well as the required image quality.

The use of PET-CT in the paediatric
population has shown beneficial
improvements in both the cure rate and
overall survival of childhood cancer as a
result of more accurate staging, monitoring of
the disease progress and facilitation in
treatment planning. With persistent efforts to
correct some of the issues which have been
noted in past studies, it can be hoped that
this modern imaging technique will continue
to improve diagnosis and treatment of
childhood cancer. n
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Image 4: PET MIP and sagittal views which iden-
tify the extent of a osteosarcoma of the left tibia.

Image 3: Pre (left) and Postchemotherapy (right)
images showing profound FDG positive T cell
lymphoma and the excellent metabolic response
to two cycles of chemotherapy.
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