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Introduction
As access to positron emission tomography/CT (PET-CT) 
has widened, this technology has been incorporated into 
many adult oncology patient pathways. Use of PET-CT 
in paediatric and adolescent patients has lagged behind. 
Reasons include relative rarity of paediatric cancers, lack 
of robust trial data and fears over long-term radiation 
effects.

Imaging guidelines for paediatric patients are often 
extrapolated from adult guidance, which may not be 
wholly appropriate due to different patterns of disease 
and tumour biology. Trial protocols, used on an insti-
tution-by-institution basis, add to the heterogeneity of 
imaging and treatment strategies seen in the paediatric 
literature. A summary of current indications for paedi-
atric oncological PET-CT as recommended in UK and 
European guidelines1–4 are summarised in Table 1.

The aim of this article is to provide an up-to-date overview 
of established and emerging indications for fluorine-18 
fluorodeoxyglucose (FDG) PET-CT in paediatric and 
adolescent oncology patients for radiologists and paedia-
tricians involved in the requesting, reporting and manage-
ment of these conditions.

Technique
Children are more radiosensitive and have a longer 
post-exposure life expectancy than adults. The major 
drawback for PET-CT is the additional ionising 

radiation dose from the CT component. In recent years, 
integrated PET-MRI has emerged as a viable alterna-
tive, with the benefit of no ionising radiation for the 
MR component. However, due to issues around cost, 
scan time and scanner availability, PET-CT remains the 
workhorse in paediatric oncology. A full review of the 
advantages and disadvantages is beyond the scope of the 
article, but the interested reader is directed to a recent 
review article.5

In most clinical situations the benefits of PET-CT outweigh 
associated radiation risks. However, there are a number of 
optimisation techniques which can be utilised to reduce 
dose and need for repeat imaging. These include: tailored 
CT exposure factors (decreased mAs and kVp) with 
increased pitch of the scan; personalised CT protocols 
(non-contrast vs contrast-enhanced, low-dose CT for atten-
uation correction vs full diagnostic CT); reducing injected 
tracer dose and increasing bed position time; and use of 
iterative reconstruction techniques to improve signal-to-
noise ratio.6 Furthermore, patient factors should be consid-
ered (Table 2).

The European Association of Nuclear Medicine (EANM) 
dose calculator7 helps ensure the optimal balance between 
radiation dose and image quality. However, these are largely 
regarded as upper limits and reflect two-dimensional PET 
techniques rather than newer three-dimensional acquisi-
tions. Examples of injected activity and effective dose for 
different age/weight is given in Table 3 using the International 
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Abstract

Accurate staging and response assessment is vital in the management of childhood malignancies. Fluorine-18 fluoro-
deoxyglucose positron emission tomography/CT (FDG PET-CT) provides complimentary anatomical and functional 
information. Oncological applications of FDG PET-CT are not as well-established within the paediatric population 
compared to adults. This article will comprehensively review established oncological PET-CT applications in paedi-
atric oncology and provide an overview of emerging and future developments in this domain.
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Commission of RadiologicalProtection 128 and three-dimensional 
acquisition data.8

Children should fast for 4–6 h prior to imaging, including any 
enteral or parenteral nutrition, because caloric intake stimu-
lates insulin release, which increases cardiac and skeletal muscle 
FDG uptake. Serum glucose <6.6 mmol l−1 is typically deemed 
optimal for scanning.

PET-CT applications in paediatric 
oncology
Hodgkin’s Lymphoma
Lymphoma is the third commonest childhood malignancy 
after leukaemia and brain tumours. Hodgkin’s Lymphoma (HL) 
accounts for 45% of cases and is currently staged according to 
Lugano criteria.9 FDG PET-CT is highly sensitive for disease 
staging and routinely used for response assessment and treat-
ment adaption in adults.

Given the effectiveness of modern chemo-radiotherapy 
regimes, patients are living longer and are at greater risk of 
secondary malignancies and cardiovascular disease, primarily 
related to involved-field radiotherapy (IFRT). Therefore, 
current efforts are focused on reducing the number of patients 
receiving consolidation RT, without compromising long-term 
survival.

Staging
FDG PET-CT has increased sensitivity and specificity for staging 
compared to CT alone.9 It is the technique of choice in HL and 
avoids under treatment.10 Stage changes in 15–50% of patients have 
been reported in multiple studies with management changes in 
approximately half of these.11–13

Standard work-up for HL has previously included bone marrow 
biopsy (BMB) to establish bone marrow involvement (BMI), 

Table 1. Indications for FDG PET-CT in paediatric malignancies as per current published guidelines

Malignancy Disease
Published guidelines

EANM 20081 EANM 20092 RCR 20143 RCR 20164

Haematological 

Hodgkin's lymphoma ✓ ✓ #

Non-Hodgkin's lymphoma ✓ ✓ #

Extra medullary leukaemia ✓

Langerhans cell histiocytosis ✓ ✓

Nervous system 
Neuroblastoma (MIBG negative) ✓ ✓ ✓

Selected brain tumours ✓ ✓ ✓ #

Sarcoma 

Osteosarcoma ✓ ✓ ✓

Ewing's sarcoma ✓ ✓ ✓

Rhabdomyosarcoma ✓ ✓ ✓

MPNST ✓ ✓ ✓

Solid organ 

Germ cell tumour ✓ ✓ #

Hepatoblastoma ✓ ✓ ✓

Wilms tumour ✓ ✓ ✓

Other 

Malignancy of unknown origin ✓ ✓ ✓

Biopsy target ✓ #

Relapse ✓ ✓ ✓ #

EANM, European Association of Nuclear Medicine; FDG PET-CT, fluorodeoxyglucose positron emission tomography/CT; MIBG, 
metaiodobenzylguanidine; MPNST, malignant peripheral nerve sheath tumour; RCR, Royal College of Radiologists.
✓denotes paediatric-specific indication in guidance.
# denotes extrapolated indication from adult guidelines.

Table 2. aCommon pitfalls encountered in paediatric PET-CT

Pitfall Recommendation

Non-compliance of 
patient

Information leaflet
Detailed information for parent
Pre-scan visit to the department and scanner
Scan patient with cuddly toy (Figure 1)
Consider GA in young patients

Bladder uptake Pre-scan voiding
Consider catheterisation/furosemidea

Brown fat uptake
Warm the room
Reduce stress
Pre-scan propranolol

PET, positron emission tomography.
Catheterisation and furosemide administration are not performed at 
our institution.
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which indicates Stage IV disease (Figure 2). FDG PET-CT is now 
established as a reliable tool for evaluating BMI in adults with 
HL, and BMB is no longer routinely performed if the patient has 
a negative PET-CT. This approach is not established in paediatric 
practice, but there is emerging evidence to suggest that BMB can 
be safely excluded in the presence of normal marrow on PET-CT, 
in the absence of high-risk factors.14 Hassan et al reported a high 
sensitivity, specificity and negative predictive value (NPV) for 
BMI on PET-CT in paediatric HL.15 Positive predictive value 
(PPV) was limited by inadequate sampling and diffuse patterns 
of uptake. Despite the growing evidence base for BMB omission 
in children, given the relatively low spatial resolution of PET 
and the heterogeneous nature of early marrow infiltration, some 
researchers remain understandably cautious.16 In our institution, 
patients with low-risk HL and negative PET may not undergo 
BMB after multidisciplinary meeting discussion.

Interim scanning and response-adapted therapy
Standard UK practice has been based on the EuroNet PHL-C1 
trial, where patients receive two cycles of OEPA chemotherapy 
(vincristine, etoposide, prednisolone and doxyrubicin) after 
baseline PET-CT.17 Interim PET-CT is performed after two 
cycles and further treatment is then adapted to response. 
However, the EuroNet PHL-C2 trial has begun recruiting and 
an updated protocol will soon be implemented.

In the C1 trial, patients with a complete metabolic and 
morphological response to chemotherapy receive no additional 

Figure 1. A young child undergoing PET-CT scan. Sagittal (a) 
and axial (b) slices show the patient’s cuddly toy (*) that was 
taken into the scanner for reassurance. PET, positron emission 
tomography.

Table 3. The injected activity and effective dose by age/
weights of paediatric patients undergoing body PET imaging 
based on International Commission of Radiological Protection 
1288

Weight (kg) 10 20 30 56 70

Approximate age (years) 1 5 10 15 Adult

FDG administered activity 
(MBq) 38 68 96 311 370

Effective dose (mSv) 3.61 3.81 3.55 7.46 7.00

FDG, fluorodeoxyglucose; MBq, megabecquerel; PET, positron 
emission tomography;mSV, millisievert.

Figure 2. Baseline staging PET-CT in a 15-year-old girl with 
biopsy-proven Hodgkin’s lymphoma. PET MIP (a) demon-
strates supra- and infra- diaphragmatic disease with diffuse 
FDG uptake in an enlarged spleen and throughout the bones, 
in keeping with Stage IV disease. Axial PET slice through the 
pelvis (b) shows heterogeneous tracer uptake in the pelvic 
bones. The corresponding low-dose CT component (c) and 
fused PET-CT (d) allow localisation of the bone involvement. 
FDG, fluorodeoxyglucose; MIP, maximum intensity projection; 
PET, positron emission tomography.
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radiotherapy (Figure  3). If there was persistent metaboli-
cally active disease on interim PET-CT (Figure  4a and b), 
IFRT was administered.18 The main goal of EuroNet-PHL-C1 
was to reduce radiotherapy given to low-risk patients with 
chemo-sensitive disease, reducing long-term sequelae without 
compromising overall survival (OS).19 Final results are awaited, 
but interim analysis in 201620 demonstrated IFRT could be 
omitted in approximately 50% of patients without a signifi-
cant drop in event-free survival (EFS). Important changes in 
the EuroNet-PHL-C2 trial include randomisation to further 
chemotherapy regimens in intermediate and high-risk groups, 
as well as the addition of a “late response assessment” PET-CT. 
Multiple chemotherapy/radiotherapy arms will be introduced 
for patients with positive ERA and “late response assessment” 
PET-CT.21 Metabolic response is evaluated using the Deauville 
score (DS) - a 5-point visual scale comparing lesion uptake 
to background mediastinal and liver activity (Table 4).20,22 A 
final major protocol change between EuroNet C1 and C2 is 
the classification of DS 3 as complete metabolic response (i.e. 
negative), which was previously considered positive. This aims 
to further reduce the amount of administered IFRT to this 
cohort of patients.

DS is more reliable than other scoring systems for evaluating 
HL at interim and end-of-treatment scans23,24 but κ scores for 
interobserver agreement are lower in the paediatric population 
than in adults (0.56 vs 0.85).25,26 In paediatric HL it is unclear 
if interim PET-CT has a prognostic role.23 HL is chemo- and 
radio-sensitive and has a good response to standard therapies. 
Therefore, an interim negative PET-CT is expected to have a 

Figure 3. A 6-year-old boy with biopsy-proved Hodgkin’s lym-
phoma. Baseline PET MIP (a) shows Stage IV disease with 
multifocal splenic deposits. Interim PET MIP after two cycles 
of OEPA chemotherapy (b) shows an excellent response to 
treatment with residual low-grade activity equal to that to the 
mediastinal blood pool in the mediastinum (Deauville Scale 
2). This represents a complete metabolic response. Note the 
low-grade homogeneous uptake in the bone marrow (b). 
This is indicative of bone marrow hyperplasia secondary to 
chemotherapy, not to be confused with bone marrow disease. 
MIP, maximum intensity projection; PET, positron emission 
tomography.

Figure 4. A 14-year-old with biopsy-proven Hodgkin’s lymphoma. Initial baseline PET MIP (a) shows disease above and below 
the diaphragm – Stage III disease. Interim PET MIP imaging (b) after 2 cycles of OEPA chemotherapy, shows a partial metabolic 
response, but with residual disease markedly above liver activity (Deauville Scale 5). The patient had further standard OEPA ther-
apy but continued to show partial metabolic response on PET-CT (not shown), so was switched to alternative chemotherapy. The 
subsequent PET imaging (c) shows a complete metabolic response – note the brown fat activity within the supra clavicular fossae 
(arrows). The patient went on to routine follow-up and was found to have recurrent lymphadenopathy on an ultrasound abdomen, 
6 months later. A PET-CT (d) confirmed relapse within the abdomen and pelvis. MIP, maximum intensity projection; PET, positron 
emission tomography.
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high NPV. However, a proportion of patients with negative 
interim PET-CT go on to relapse and conversely many PET-pos-
itive patients achieve long-term remission.27,28 Despite investi-
gation of multiple PET-based criteria, the PPV of PET-CT for 
predicting relapse at interim assessment is suboptimal, limited 
by a lack of specificity distinguishing between post-treatment 
inflammatory uptake and treatment-resistant disease.28–32

End-of-treatment and follow-up
End-of-treatment PET-CT is not widely used in the UK as it 
does not alter treatment escalation or IFRT, although reports 
suggest end-of-treatment PET-CT may allow better predic-
tion of disease relapse.23 There is no evidence to support use 
of surveillance PET-CT post-treatment but it does have a role 
in re-staging patients with histologically confirmed relapse 
(Figure 4c and d).19

Non-Hodgkin’s Lymphoma
Paediatric non-Hodgkin’s Lymphoma (pNHL) covers multiple 
histological subtypes with varying natural histories, imaging 
findings and responses to treatment.

The major histological pNHL subtypes are of mature B-cell 
lineage: Burkitt Lymphoma predominates in young children, 
diffuse large B-cell lymphoma in mid-to-late teens and primary 
mediastinal B-cell lymphoma in late adolescence and young 
adults.33,34 T-cell lymphomas are much rarer34 but important 
subtypes include: anaplastic large cell lymphoma and lympho-
blastic lymphoma. The behaviours of these lymphomas overlap 
with leukaemia and this should be borne in mind when consid-
ering imaging options.33

Staging
The international paediatric NHL staging system revised in 
2015, modifying the St Jude (Murphy) staging classification35 
developed in the 1980s, does not explicitly advocate the use of 
PET-CT over CT or MRI.

Use of PET-CT in pNHL is currently reserved for cases where 
there is diagnostic uncertainty and refined staging will alter 
management. Due to the heterogeneous nature and low 

prevalence of pNHL, large multicentre prospective trials are 
lacking, as is evidence supporting routine baseline PET-CT. 
Furthermore, due to the rapid doubling times of some tumours 
e.g. BL (24–48 h), patients may have already started treatment 
(steroids, chemotherapy or surgery) because of systemic illness, 
airway compromise or bowel obstruction. In these situations, it 
is not advisable to delay management for PET-CT.

pNHLs which are high-grade would be expected to show marked 
FDG avidity, verging on 100% sensitivity with improved NPV 
compared to CT alone pre- and post-treatment.18,36 However, 
while increasing diagnostic accuracy is always desirable, 
upstaging patients does not necessarily alter risk stratification, 
on which current treatment regimens are based.37

Response assessment and relapse
In pNHL there is no robust prognostic data available. However, in 
adult patients with high-grade NHL the OS and progression-free 
survival (PFS) are only reliably assessed at the end of treatment, 
rather than the interim time-point.20 The NPV of end-of-treat-
ment PET-CT in these patients remains high although with a 
lower PPV. Due to the excellent outcomes from chemotherapy, 
routine end-of-treatment PET-CT is currently not advocated in 
pNHL and morphological imaging is the mainstay of follow-up.36

PET-CT can be used as a problem-solving tool where there are 
residual masses to distinguish functionally active disease from 
fibrosis. However, this relies on an adequate baseline study with 
which to compare. This is especially important in low-grade 
lymphomas, where baseline FDG uptake can be less avid and 
persistent low-grade uptake at follow-up does not necessarily 
imply adequate treatment response.

Brain tumours
Brain tumours are the most common paediatric solid tumour and 
the use of FDG PET-CT in imaging these tumours is discussed 
in both UK and European guidelines. However, due to the high 
background uptake of FDG in normal brain parenchyma and the 
inability to differentiate tumour and inflammatory response, the 
indications discussed are only rarely used in clinical practice as a 
problem solving tool.

FDG PET-CT can be useful in targeting metabolically active areas 
within a tumour to improve diagnostic yield from biopsy and in 
assessment of histological grade; aggressive tumours displaying 
higher uptake.38–40 However, this can be a limitation when trying 
to identify low-grade gliomas as they can demonstrate activity 
similar to background brain uptake.41 Glioblastomas and medul-
loblastomas generally demonstrate intense uniform enhance-
ment, whereas brain stem gliomas have low-grade uptake in less 
than 50% of the tumour volume. Ependymomas have low-grade 
uptake throughout.38

This information, if used to correlate biopsy site, can lead to 
improved tumour delineation and sampling.42 Hip et al reported 
that both FDG PET-CT and MR spectroscopy were able to detect 
areas of increased metabolism within a tumour.43 However, there 

Table 4. The Deauville scoring system for defining disease 
response as used in the EuroNet-PHL-C2 trial

Deauville score Imaging features Interpretation
1 No residual uptake CMR

2 Slight uptake, below 
mediastinal blood pool CMR

3
Uptake above 
mediastinal blood pool 
but below liver uptake

CMR

4 Uptake slightly above 
liver uptake IR/PD

5 Marked increased in 
uptake or any new lesion IR/PD

CMR, complete metabolic response; IR, inadequate response; PD, 
progressive disease.
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was poor correlation between the two modalities and tumour 
metabolism was better demonstrated on MR spectroscopy.

A further use for FDG PET-CT is to determine if there is residual 
disease or recurrence, which can often be problematic when 
using conventional imaging (CI). FDG PET-CT has sub-optimal 
efficacy following treatment as FDG activity can be seen due to 
an inflammatory response.44 There is increasing evidence of the 
superior accuracy of amino-acid analogue PET-CT [e.g. choline, 
L-dihydroxyphenylalanine (DOPA)] with a higher tumour-to-
background ratio than FDG, but these tracers are only available 
at limited centres currently.45

Leukaemia
Leukaemia is the commonest childhood malignancy and is 
almost always associated with the acute form of the disease - 
acute lymphoblastic leukaemia being five times more common 
than acute myeloid leukaemia (AML).46 Conventional imaging is 
only performed when there is clinical suspicion of extra medul-
lary disease (EMD). Around 20 to 40% of patients with AML 
have EMD at diagnosis and this is associated with high relapse 
rates.47

The use of PET-CT in patients with leukaemia can aid in the 
detection of EMD, especially in detecting subclinical, multifocal 
disease.48 However, its use in clinical practice is limited due to the 
lack of definitive treatment options. Chemotherapy, local radio-
therapy and surgical options are discussed in the literature but 
there is no current consensus on best consolidation therapy. If 
this were established, PET-CT may have a crucial role in patient 
stratification. The sensitivity for the detection of EMD has been 
reported to be 93.3%, the specificity being 71.4%.49 The false 
positives are reportedly due to inflammatory/infective pathology 
and the false negatives affecting the meninges or skin.

Cunningham et al48 also reported inconclusive results in the 
ability of FDG PET-CT to predict complete response: 18/35 
patients with negative PET-CT studies continued to be disease-
free at follow-up (3 months to 6 years), whereas 16 patients 
relapsed during follow-up (all within 13 months). Work in adults 
using fluorine-18 fluorodeoxythymidine PET-CT to assess bone 
marrow response in AML patients who subsequently relapsed, 
may offer an alternative to FDG in the future.50 These preliminary 
studies highlight a potential role for baseline PET-CT to identify 
EMD before commencing therapy and avoid under treatment; 
however, there needs to be a consensus on the best local treat-
ment options to justify the use of PET-CT in the patient cohort.

Osteosarcoma
The commonest primary bone tumour in children and adoles-
cents is osteosarcoma. Although 5-year survival reaches ~70% 
in localised disease, a much poorer prognosis (around 30%) is 
seen in metastatic disease.51 Aggressive surgical management 
following neoadjuvant chemotherapy is the mainstay of local 
control, with adjuvant chemotherapy to treat systemic spread. 
Patients with metastatic disease limited to the lungs have a 
better prognosis than those with other sites of distant disease.52 

Accurate staging is of great importance to guide optimal treat-
ment and stratify aggressive metastatectomy.

Staging
FDG PET-CT is the most accurate imaging technique for 
staging.53–55 This is of particular importance for detection of 
osseous metastases close to physes, which may be obscured by 
physiological uptake on bone scintigraphy (Figure 5).56 Due to 
the inherent high cerebral metabolism of FDG, PET-CT has the 
potential to miss metastatic lesions around the skull base.

Similarly, due to the spatial resolution limitations of PET-CT, 
uptake in small nodules (<7 mm) may not be appreciated. 
Furthermore, due to the CT component being acquired in 
gentle respiration, a thin-section thoracic CT in full inspiration 
remains a key part of baseline staging (Figure 6), in order not to 
miss these. Despite evidence supporting the superior accuracy 
of FDG PET-CT for detection of bone metastases there is a lack 
of consensus and this is compounded by guidelines only recom-
mending, but not mandating, use of FDG PET-CT and clinical 
trials often including this technique as optional at the discretion 
of the local clinician.57 Efforts should be made to update clin-
ical guidelines to reflect recent literature supporting more wide-
spread use of FDG PET-CT.

Response to therapy
Neoadjuvant chemotherapy to reduce local disease burden 
allows more complete surgical resection. Degree of pathological 
tumour necrosis correlates with prognosis and effectiveness of 
chemotherapy; research in adult58 and paediatric59 bone sarcoma 
has shown that an end-of-treatment decrease in primary bone 
tumour FDG avidity correlates with histological response.

Interim FDG PET-CT response has not been comprehensively 
studied in paediatric OSa. Two small studies reported that 
metabolic tumour volume (MTV) and total lesion glycolysis 
(TLG) were predictive of histological response after a single 
cycle of chemotherapy.60,61 In patients with a poor response to 
initial chemotherapy, this could help avoid further suboptimal 
therapy and reduce time to surgery. A prospective study has 
shown reduction in tumour maximum standardised uptake 
value (SUVmax) on interim (5 weeks) and end-of-treatment 
(10 weeks) FDG PET-CT after neoadjuvant therapy correlated 
with good response (>90% tumour necrosis), but did not predict 
EFS.62

The value of interim PET-CT has not yet been conclusively 
proven. The ability to detect poorly responding tumours at 
interim assessment is of uncertain benefit, as no reliable alterna-
tive chemotherapy regimen has been found to significantly affect 
outcome in poorly responding OSa.63

Predicting outcome
Multiple studies have shown that PET-CT metrics such as 
SUVmax (both pre- and post-chemotherapy), TLG and MTV 
reliably predict patients with poorer outcomes. A comprehensive 
review of this literature is beyond the scope of this article but 
further information is available in a recent review article.64
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Others have not demonstrated the same findings in more homo-
geneous paediatric populations65 raising the important question 
of the impact of different tumour biology in children and older 
adolescents, and how this may alter FDG uptake. A more recent 
prospective hypothesis-generating study, has shown that MTV, 
TLG and SUVpeak have the potential to predict EFS and OS at 
baseline, interim and post-therapy.61 Their work also corroborates 
the above assertions that these PET-parameters could predict 
histological response to neoadjuvant chemotherapy.59,66–68

Relapse
Conventional imaging is used in follow-up, tailored by clinical 
suspicion. PET-CT may have a role in patients with clinical 
relapse to define extent. A small retrospective study by Ange-
lini et al69 reported that when there was clinical suspicion of 
local recurrence only, PET-CT showed systemic disease (lung, 
loco-regional lymph nodes and distant disease) in over one third 
of patients. A further advantage of PET-CT is in the detection 
of periprosthetic recurrence. PET is only minimally affected by 
metallic artefact from endoprostheses and may more accurately 

depict new tumour sites compared to CT alone.70 However, 
radiologists should be aware of this potential pitfall when 
reporting.

Ewing sarcoma
Ewing sarcoma is the second commonest paediatric bone 
tumour. The presence and pattern of metastases, size of primary 
and poor treatment response all adversely affect prognosis, in a 
similar way to OSa.71

Staging
FDG PET-CT is more sensitive in detection of metastases in 
sarcoma patients (including ES) with a sensitivity of 90% for 
metastatic bone lesions, compared to 75% with conventional 
imaging.72 London et al55 studied 314 lesions from varying 
sarcomas, including ES, finding that FDG PET-CT was more 
sensitive and specific at all metastatic sites apart from the lungs, 
with a sensitivity of 83% and specificity of 98% vs 78% and 97% 
for CI. Clinical guidelines have not been updated for several 
years and consequently the superior efficacy of FDG PET-CT 

Figure 5. A 15-year-old with a left distal femoral osteosarcoma. Following initial chemotherapy, a new suspicious lesion was 
demonstrated within the left tibial epiphysis on response CT and MRI (not shown). Due to the proximity to the proximal tibial phy-
sis, and the possibility to significantly alter management, a full body PET-CT was performed. A selected lower limb image from the 
PET MIP (a) shows low-grade uptake in the lateral distal left femur, at the site of the known osteosarcoma (b) and a new focus of 
uptake in the proximal tibial region. Low-dose CT (c) and fused axial PET-CT slices through the proximal tibia (d) show a sclerotic, 
FDG avid deposit in the left tibial epiphysis. Involvement of both sides of the left knee joint led to an above knee amputation. FDG, 
fluorodeoxyglucose; MIP, maximum intensity projection; PET, positron emission tomography.

http://birpublications.org/bjr


8 of 17 birpublications.org/bjr Br J Radiol;91:20180584

BJR  Chambers et al

may not be widely appreciated by the community. This should be 
addressed in the next iteration of clinical guidelines.57

Predicting response
There have been conflicting results on the use of PET-CT in 
response assessment in cohorts of mixed sarcoma patients. Two 
groups demonstrated that persistent high SUVmax following 
induction chemotherapy conveyed a worse prognosis.73,74 
Another group reported that change in SUVmax did not predict 
histological response following chemotherapy but that 90% 
reduction in MTV was associated with favourable response.67 A 
further study showed that multiple PET-derived metrics did not 
significantly predict response in 21 patients with ES.65

Soft tissue sarcoma
Soft tissue sarcomas encompass a heterogeneous group of prim-
itive mesenchymal malignancies, of which rhabdomyosarcoma 
(RMS) makes up over half. The RMS classification alone includes 
four histological subtypes, with varying presentations, tumour 

behaviour and treatment strategies, making generalisations about 
conventional and functional imaging difficult. This problem is 
further exacerbated by the relative rarity of these tumours (fewer 
than 60 cases per year in the UK), leading to guidelines based 
largely on expert consensus opinion.

Staging
Primary tumours are almost universally FDG avid.75 Sites of 
spread in order of decreasing frequency include lungs, loco-re-
gional lymph nodes (LN), bone marrow and cortical bone.76 
Outcome is strongly linked to site and number of metastases; 
the EFS in metastatic RMS drops to around 25% in children.77 
Identification of LN involvement in RMS patients can be chal-
lenging, with over estimation of disease in reactive nodes and 
under estimation of disease in morphologically normal nodes, 
which can have major effects on morbidity and mortality. The 
only published systematic review of FDG PET-CT in RMS to 
date78 reported a higher sensitivity and specificity (80–100% 
and 89–100% respectively) for LN metastases compared to CI 

Figure 6. A 13-year-old boy with metastatic osteosarcoma. Compare the single breath-hold staging chest CT (a) with the CT 
component of the PET-CT during quiet respiration (b) at the same window level. Two small metastases are shown in both images. 
The first (red arrows) is visible on both scans, but the second (circled) is more difficult to discern on the PET-CT due to poor lung 
expansion, breathing artefact and noise. A further metastasis (arrow) in the same patient (c) does not show any FDG activity (d). 
This is likely due to the small size of the metastasis and limited PET resolution. FDG, fluorodeoxyglucose; PET, positron emission 
tomography.
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(67–86% and 90–100% respectively), fewer indeterminate results 
and more true-negative results. Routine PET-CT for nodal 
staging has recently been advocated by an international paedi-
atric oncology group consensus paper.79 Conventionally, bone 
scintigraphy has been used for exclusion of osseous metastases. 
PET-CT is more accurate and of prognostic value in RMS.75,78 
Some groups have replaced bone scintigraphy with FDG 
PET-CT for baseline RMS work-up.79,80 Unlike other paediatric 
malignancy protocols, PET-CT scan coverage should include 
the extremities, due to the high prevalence of clinically occult 
extremity metastases (Figure 7).81 The application of PET-CT to 
date has been variable and on a centre-by-centre basis. The above 
consensus recommendations may go some way to homogenising 
imaging at initial presentation.

Predicting outcome and relapse
Clinical and pathological risk factors that predict outcome 
in RMS include age, tumour size and invasion, primary site, 
histological differentiation and metastatic disease.82 As yet, no 
metabolic parameters are routinely used in prognostication, and 
predicting relapse remains difficult. A small study has shown 
PET-CT can predict local relapse after radiation therapy.83 

Baum et al84 determined that visual scoring of tumour intensity 
was predictive of OS, as was a ratio of Tumour SUVmax/Liver 
SUVmax of >4.6. EFS in this cohort was also predicted by tumour 
intensity. Multivariate analysis showed no significant parametric 
PET factors, but LN positivity and distant disease were predic-
tive, affirming that accurate staging at baseline is invaluable. 
More recently, Casey et al85 demonstrated that baseline primary 
tumour SUVmax >9.0 was predictive of poorer OS and 3-year 
PFS. Furthermore, a negative end-of-treatment PET was predic-
tive of 3-year PFS but not significant for OS. This remains an area 
for further research.51

Malignant peripheral nerve sheath tumours
These affect neurofibromatosis Type 1 patients with malig-
nant transformation occurring in previously benign plexiform 
neurofibromata.51 Malignant peripheral nerve sheath tumours 
(MPNST) are not limited to children and most PET-CT studies 
report heterogeneous groups of all ages.86 Management includes 
tumour excision, usually guided by pre-operative biopsy. Mean 
SUVmax of MPNST in children is higher than benign nerve 
sheath tumours.87,88 Whilst Tsai et al87 reported a cut-off 

Figure 7. A 16-year-old girl with lethargy and raised inflammatory markers. Ultrasound and MRI abdomen (not shown) showed 
a diffusely enlarged pancreas. The working diagnosis of haematological malignancy led to a bone marrow aspirate, which sug-
gested possible rhabdomyosarcoma. A PET-CT was performed to assess for primary and distant disease. The PET MIP (a) showed 
diffuse FDG uptake within the pancreas (arrow), but also diffuse abnormal uptake within the appendicular and axial skeleton. A 
focal area of abnormality centred on the right maxilla (b and c) was suggested as the likely primary site. Fused axial slice through 
the pelvis (d) showed marked FDG uptake within the pelvic bones compatible with bone marrow infiltration. FDG, fluorodeoxy-
glucose; MIP, maximum intensity projection; PET, positron emission tomography.
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SUVmax >4.0 allowed differentiation between benign and malig-
nant tumours, and Azizi et al88 reported all malignant tumours 
had an SUVmax >3.15, it is recognised that a wide overlap in 
SUVmax values exists.86 This equates to a high NPV (up to 
100%) but a low specificity for avid tumours. Therefore, there is a 
strong reliance on histological sampling when clinical symptoms 
of malignant transformation are suspected (Figure 8). Brahmi et 
al89 published a small retrospective analysis demonstrating the 
utility of PET-CT guided biopsy, reporting no indeterminate 
results and a diagnostic accuracy of 96%.

Recently, focus has switched to PET-CT’s utility in predicting 
malignant change in asymptomatic patients, for earlier diag-
nosis and improved OS. This may be important in children who 
have difficulty in verbally expressing symptomatology. Azizi et 
al88 performed a prospective study of 41 patients undergoing 
104 PET(-CT) examinations, reporting that 4 of 8 patients with 
malignant lesions were asymptomatic. None of the asymptom-
atic patients died during follow-up (median 4.2 years), whereas 
2 of 4 symptomatic patients died within a year of imaging. This 
not only highlights the poor outcome in MPNSTs but that there 
may be benefit in early detection before clinical symptoms are 
present. However, the specificity was as low as 45.1% for the 
reasons discussed above.

Neuroblastoma
Neuroblastoma (NB) most commonly affects children under 
5 years old. Metastatic disease at presentation is reported in 
around 50% of cases and prognosis varies from good in those 
younger than 12 months of age, to demonstrably poorer in those 
over 2 years old.90

Staging
Most NB tumour cells take up and concentrate the catechol-
amine precursor analogue metaiodobenzylguanidine (MIBG), 
consequently the mainstay of NB imaging is Iodine-123 MIBG 
scintigraphy. However, 10% of tumours do not concentrate this 
substrate and will appear MIBG negative. FDG PET-CT has a 
valuable role in these cases, as even poorly differentiated tumours 
will accumulate FDG. A recent meta-analysis of 1134 patients91 
showed FDG PET-CT has a higher sensitivity for lesion detec-
tion than MIBG scintigraphy but lower specificity, which may 
lead to the need for biopsy in soft tissue lesions. However, 39/40 
studies included were retrospective in nature, reflecting that good 
quality prospective trials in this area are lacking. High physiolog-
ical uptake of FDG in the brain obscuring skull base metastases 
is a known limitation.92 Neither technique reliably detects small-
volume bone marrow involvement and international consensus 
is to perform bone marrow sampling routinely.93

Figure 8. A 13-year-old boy with a pelvic neurofibroma. The neurofibroma had previously shown malignant transformation and 
was treated. New symptoms of pain and left-sided lower limb neurology prompted an MR scan, which showed increase in the size 
of the residual neurofibroma (not shown). A PET MIP (a) showed a left-sided region of increased FDG uptake (arrow). Note the 
two discreet soft tissue masses on the low-dose CT component (b) at this level (arrows). On the fused axial PET-CT slice (c), the 
medial lesion has little-to-no FDG uptake, but the lateral mass shows high avidity. This imaging allowed a targeted biopsy to be 
performed, which showed sarcomatous transformation on histology. FDG, fluorodeoxyglucose; MIP, maximum intensity projec-
tion; PET, positron emission tomography.
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Recently, the prognostic role of FDG PET-CT akin to that seen 
in lymphoma has been evaluated. As MIBG uptake is related to 
transporter expression rather than cellular differentiation, MIBG 
cannot reliably be used to infer differentiation and therefore 
prognosis. A small retrospective cohort study reported that FDG 
PET-CT was a better predictor of PFS.94

Relapse
As FDG PET-CT is less sensitive and specific for bone and bone 
marrow disease, which is the most common site of relapse, 

MIBG scintigraphy (alongside CI) remains the gold standard 
in follow-up. However, PET-CT can be used first line in the 
follow-up of known MIBG-negative tumours. It is recognised 
that MIBG-positive tumours can become negative at relapse 
and FDG PET-CT has a problem-solving role in these cases 
(Figure 9).95

Future developments
Fluorine-18 fluorophenylalanine (F-DOPA) and Gallium-68 
Somatostatin Receptor (SSR) are alternative PET tracers which 

Figure 9. 11-year-old boy with known Rosai-Dorfman disease. The patient experienced rapid increase in a right neck lump and was 
shown to have avid FDG uptake in the right cervical chain (a). The low dose CT component (b) showed a conglomerate mass at 
the angle of the mandible, which showed high uptake on the fused axial PET-CT (c) as well as a separate mass in the soft tissues 
overlying the right maxilla. This is compatible with histiocytosis with lymphomatous transformation. FDG, fluorodeoxyglucose; 
PET, positron emission tomography.
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are not yet widely available but have higher reported sensitiv-
ities compared to FDG PET-CT and MIBG scintigraphy.95 A 
newer tracer 18F-Meta-Fluorobenzylguanidine (MFBG) is also 
in development and shows early promise.96 An in-depth review 
of these tracers is beyond the scope of this article but a recent 
review provides more details for interested readers.95

Wilms tumour
Current UK and European protocols do not advocate use of FDG 
PET-CT in patient management. Diagnosis and staging is with 
ultrasound and MRI, despite the fact that Wilms’ tumours are 
FDG-avid and correlate well with histology.97,98 Limited data 
suggest that SUVmax after neoadjuvant chemotherapy may 
predict tumour viability and FDG PET-CT may detect more sites 
of disease at relapse than MRI, but further work is required to 
confirm initial findings.99 In the meantime, FDG PET-CT has a 
limited problem-solving role for restaging relapsed patients and 
guiding biopsy.

Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a group of rare disorders 
characterised by proliferation of Langerhans-type cells.100,101 
LCH can present as a single lesion (sometimes termed as an 
eosinophilic granuloma) or several lesions involving a single 
or multiple body systems (Figure  10).102 Although diagnosis 
requires histology and immunophenotyping, prognosis is deter-
mined by organ involvement and treatment response.

A few small retrospective studies suggest a potential role for 
FDG PET-CT in LCH. Kaste et al103 reviewed five children with 
bone involvement and reported that PET-CT was beneficial for 

staging when compared to bone scans. Mueller et al104 evaluated 
patients who underwent both FDG PET-CT and whole body 
MRI within 30 days of each other with no tumour specific treat-
ment. The sensitivity and specificity of PET-CT was 67 and 76%, 
compared to 81 and 47% for MRI. Lower PET-CT sensitivity was 
attributed to false-negatives where lesions in the brain or head 
and neck were obscured by physiological uptake, or small bone 
lesions were missed. MRI should be considered for evaluation of 
the brain. Another group compared FDG PET-CT and conven-
tional imaging for lesion detection, therapy response and disease 
recurrence.105 PET-CT was complementary in lesion detection 
of 236/256 (92%) lesions, superior in 90/256 (35%) lesions, but 
inferior at evaluating skull or vertebral column lesions.

Germ cell tumour
The largest reported series includes 11 scans in 9 patients, over 
an 11-year period.106 FDG PET-CT was used in staging, biopsy 
guidance, assessment of residual metabolic activity and recur-
rence detection with a change in management in 3 patients. 
Other smaller studies have confirmed germ cell tumours are 
metabolically active on FDG PET-CT.107,108 Clearly, extrapo-
lating from this data alone is not feasible and a larger multicentre 
study is required before the role of PET-CT is firmly understood 
in this setting.

Hepatoblastoma
Hepatoblastoma is rare but makes up almost three-quarters of 
all paediatric hepatic primary malignancies. An international 
cross-society consensus (PRETEXT) has recently been published 
to standardise radiological assessment of paediatric patients with 
hepatobiliary malignancies.109 These standards will be used in an 

Figure 10. A 9-year-old with relapsed neuroblastoma. An anterior planar I-123-MIBG scan (a) shows a site of avid disease at the left 
costophrenic angle (arrow), but a recent MR (not shown) revealed multiple new areas of concern that were not MIBG avid. A PET 
MIP (b) and fused axial slice (c) show this corresponding area to be FDG avid (straight arrows), but reveal more extensive sites of 
disease in the mediastinum (*), right-side of the sacrum (curved arrow) and left chest wall (arrow in d). These sites likely represent 
MIBG-negative disease, which is more common in neuroblastoma relapse, but this figure also demonstrates PET’s superior spatial 
resolution. I-123-MIBG, Iodine-123-metaiodobenzylguanidine; FDG, fluorodeoxyglucose; PET, positron emission tomography.
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upcoming international multicentre Paediatric Hepatic Interna-
tional Tumour Trial. According to PRETEXT standards, ultra-
sound and MRI are first-line investigations in diagnosis and 
staging of primary hepatic malignancies. FDG PET-CT has a 
limited role in detection of suspected tumour relapse with nega-
tive CI, in the context of rising blood serum alpha-fetoprotein.

This is a pragmatic approach in view of the lack of published trial 
data, with only a small collection of case reports pertaining to 
relapse.110–112 A small retrospective study showed the potential 
utility of FDG PET-CT in the setting of clinical relapse.113 In 8/9 
patients, PET-CT correctly demonstrated biopsy-proven recur-
rence, whereas CI only detected 4 cases. In the PET-CT negative 
case, recurrence was not detected, and remission was confirmed. 
PET-CT can also potentially be used in problem-solving when 
there is a question about the presence or extent of metastatic 
disease prior to any surgery with curative intent. However, more 

data is required before routine use. The Paediatric Hepatic Inter-
national Tumour Trial may provide a structured framework 
within which PET-CT can be studied in a larger population 
across the spectrum of disease and thus more clearly define its 
role.

Table  5 summarises the evidence discussed in this paper for 
paediatric PET-CT in oncology.

Conclusion
FDG PET-CT has an established role in staging paediatric 
malignancies such as HL, RMS and non-MIBG avid NB. 
Current data supports increased use in bone sarcoma and 
NHL, but larger prospective multicentre trials are needed to 
clearly outline the utility. The role of PET-CT in Wilms’, hepa-
toblastoma, LCH and germ cell tumours is limited to problem 
solving at present.

Table 5. Indications for FDG PET-CT by paediatric tumour type, and key supporting in-text referenced evidence

Use of PET-CT

Pathology Biopsy targeting Staging Interim Response assessment Recurrence
Haematological

Hodgkin’s 6, 12–17 10–21 23 20

Non-Hodgkin’s 19, 36 21, 36

Leukaemia 48 48 49

Sarcoma

Osteosarcoma 52–54 59–61 58, 60, 65–67 61, 68

Ewing’s sarcoma 54, 71 72, 73 64, 66

Rhabdmyosarcoma 75–81 82 83

MPNST 89 87, 88

CNS tumours 38–40, 42, 43

Neuroblastoma 90, 91, 93 94

FDG, fluorodeoxyglucose ; PET, positron emission tomography.
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