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Abstract: This review paper will discuss the use of positron emission tomography/computed to-
mography (PET/CT) in paediatric oncology. Functional imaging with PET/CT has proven useful
to guide treatment by accurately staging disease and limiting unnecessary treatments by deter-
mining the metabolic response to treatment. 18F-Fluorodeoxyglucose (2-[18F]FDG) PET/CT is rou-
tinely used in patients with lymphoma. We highlight specific considerations in the paediatric
population with lymphoma. The strengths and weaknesses for PET/CT tracers that compliment
Meta-[123I]iodobenzylguanidine ([123I]mIBG) for the imaging of neuroblastoma are summarized.
2-[18F]FDG PET/CT has increasingly been used in the staging and evaluation of disease response in
sarcomas. The current recommendations for the use of PET/CT in sarcomas are given and potential
future developments and highlighted. 2-[18F]FDG PET/CT in combination with conventional imag-
ing is currently the standard for disease evaluation in children with Langerhans-cell Histiocytosis
(LCH) and the non-LCH disease spectrum. The common pitfalls of 2-[18F]FDG PET/CT in this setting
are discussed.

Keywords: paediatric oncology; PET/CT; lymphoma; neuroblastoma; sarcoma; Langerhans-cell
Histiocytosis

1. Introduction

The overall survival of children with cancer has improved significantly in the past
decades, which has led to a shift in the management of childhood malignancies. Non-
invasive imaging has assisted in the evaluation of children with a known or suspected
disease. With the longer survival of these patients, it is clear that many patients suffer
severe long term side effects from the treatments [1,2]. The treatment aim in paediatric
oncology is to achieve a cure with the minimum long-term side effects. Functional imaging
with positron emission tomography/computed tomography (PET/CT) has proven useful
to guide treatment in paediatric malignancies by accurately staging disease, restaging,
evaluating treatment response and limiting unnecessary treatments by determining the
metabolic response to treatment and the prognostic significance thereof. In this paper, we
review the most frequently imaged paediatric neoplasms seen in the clinical setting, e.g.,
brain tumours, osteosarcoma, Ewing Sarcoma, neuroblastoma and lymphoma. We look at
the most commonly used PET tracer, 18F-Fluorodeoxyglucose (2-[18F]FDG) PET/CT and its
utility in improving the management of the aforementioned neoplasms [3].

2. Paediatric Lymphoma

Lymphoma is one of the most prevalent paediatric malignancies [4]. Hodgkin lym-
phoma (HL) is common in adolescence. The most common histological HL subtype is
nodular sclerosing HL. Non-Hodgkin lymphoma (NHL) is more common (60%) in children
than HL (40%). Common NHL subtypes include Burkitt and Burkitt-like, precursor T-cell,
diffuse large B cell, and anaplastic large cell lymphoma. Indolent lymphomas are rare
in children [5]. 2-[18F]FDG PET/CT is now established as the reference investigation for
paediatric patients with HL and NHL [6].
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2-[18F]FDG PET/CT is routinely used for the staging of paediatric HL and NHL.
Patients may have bulky disease causing airway compression. Care should be taken to
assess for airway compromise prior to sedation. 2-[18F]FDG PET/CT has an excellent
sensitivity for detecting nodal disease, including splenic involvement, as well as solid
organ involvement, such as bone, liver, and lung [5].

Waldeyer’s ring and posterior cervical nodes can be difficult to interpret in children,
especially on the interim and end of treatment 2-[18F]FDG PET/CT. Children are prone
to viral and bacterial infections which frequently involve the upper air ways. Recent
chemotherapy reduces the patient’s immunity further, which increases the risk for infec-
tions [5]. The use of 2-[18F]FDG PET/CT in combination with MRI is useful to identify
pathology in Waldeyer’s ring [7].

Children frequently have increased thymic activity on baseline scans and an increased
uptake in response to treatment, thymic rebound, is also commonly seen. It is important
to differentiate between normal and pathological uptake [8]. Focal increased uptake in a
gland which has abnormal contours or a nodular appearance on CT is suspicious for thymic
disease [9]. Low-grade increased splenic and bone marrow uptake may also occur usually
on the interim or end of treatment scans as a physiological response to treatment [10].

2-[18F]FDG PET/CT is well established as a method with high diagnostic accuracy to
assess bone marrow involvement. A recent meta-analysis reviewed the use of 2-[18F]FDG
PET/CT and bone marrow biopsy for the detection of bone marrow involvement in paedi-
atric patients. Nine studies were included: four with only HL, one with only NHL, and four
with a mix of HL and NHL patients. The combined patient numbers were 1640 patients,
326 of whom had bone marrow involvement. The pooled sensitivity and specificity of
2-[18F]FDG PET/CT was 0.97 (95% CI: 0.93–0.99) and 0.99 (95% CI: 0.98–0.99), respectively.
The pooled sensitivity and specificity of bone marrow biopsy was 0.44 (95% CI: 0.34–0.55)
and 1.00 (95% CI: 0.92–100) [4]. There is a shift away from using bone marrow biopsies to
establish bone marrow involvement in clinical HL trials [5].

The use of interim 2-[18F]FDG PET/CT to assess disease response in adult patients is
well established. The treatment response for HL is measured on the interim 2-[18F]FDG
PET/CT done after two cycles of first line treatment. Uptake is assessed using the
5-point Deauville criteria a visual score comparing uptake in the lesion to liver uptake.
The Deauville 5-point score is as follows: 1 = no uptake above background; 2 = uptake
≤ mediastinum; 3 = uptake > mediastinum but ≤ liver; 4 = uptake greater than liver;
5 = uptake markedly higher than liver (2–3 times SUVmax in normal liver) and/or new
lesions; X = new areas of uptake unlikely to be related to lymphoma [11].Patients with a
Deauville score ≤ 3 have a favourable response to treatment, Figure 1 [12]. There are fewer
studies investigating the utility of interim 2-[18F]FDG PET/CT in children. A prospective
study with 57 paediatric patients with HL showed that the specificity for predicting relapse
on an interim 2-[18F]FDG PET/CT using the 5-point Deauville criteria was 91.4% [13]. In
low risk and intermediate risk paediatric patients with a favourable response to treatment
on interim 2-[18F]FDG PET/CT, it has been shown that involved field radiotherapy may be
omitted with no negative impact on patient outcomes [14].

The utility of quantitative PET (qPET) in paediatric lymphoma 2-[18F]FDG response
assessment has been studied in 898 patients after 2 cycles of chemotherapy. The qPET is
the quotient of the SUVpeak of the hottest residual over the SUVmean of the liver. The
qPET methodology adds semi-automatic quantification for interim FDG-PET response in
lymphoma as an extension of the Deauville criteria. In this cohort, a qPET < 1.3 excluded
abnormal response with high sensitivity on interim 2-[18F]FDG PET/CT [15]. This has been
subsequently utilised in other studies after this initial validation [16–18].
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Figure 1. (a) The baseline 2-[18F]FDG PET/CT images of a 13-year-old boy with mixed cellularity HL, 
there is extensive abnormal uptake in a bulky right axillary lymph node mass, hilar and sub carinal 
nodes, subdiaphragmatic para-aortic nodes as well as extensive bone marrow involvement. Stage 4 
disease. (b) The interim 2-[18F]FDG PET/CT performed after 2 cycles of induction chemotherapy. 
Nodes in the right axilla is smaller than before but, still enlarged. Uptake in these nodes is less than 
liver (Deauville score = 2); this is a complete metabolic response. 

The end of treatment 2-[18F]FDG PET/CT has a slightly higher specificity (95.7%) for 
predicting relapse than the interim 2-[18F]FDG PET/CT(91.4%). A positive end of treat-
ment 2-[18F]FDG PET/CT scan is associated with a significantly poorer overall survival 
[5,13]. 

Immune-base therapies can lead to flare/pseudoprogression of lesions on follow-up 
PET/CTs. It is important to differentiate true from pseudoprogression. This has led to the 
development of the new LYRIC criteria as an indeterminate-response category [11]. 

There is growing evidence for the utility of using machine learning methods for sem-
iquantification, such as convolutional neural networks (CNN). Recent work by 

Figure 1. (a) The baseline 2-[18F]FDG PET/CT images of a 13-year-old boy with mixed cellularity HL,
there is extensive abnormal uptake in a bulky right axillary lymph node mass, hilar and sub carinal
nodes, subdiaphragmatic para-aortic nodes as well as extensive bone marrow involvement. Stage 4
disease. (b) The interim 2-[18F]FDG PET/CT performed after 2 cycles of induction chemotherapy.
Nodes in the right axilla is smaller than before but, still enlarged. Uptake in these nodes is less than
liver (Deauville score = 2); this is a complete metabolic response.

The end of treatment 2-[18F]FDG PET/CT has a slightly higher specificity (95.7%) for
predicting relapse than the interim 2-[18F]FDG PET/CT(91.4%). A positive end of treatment
2-[18F]FDG PET/CT scan is associated with a significantly poorer overall survival [5,13].

Immune-base therapies can lead to flare/pseudoprogression of lesions on follow-up
PET/CTs. It is important to differentiate true from pseudoprogression. This has led to the
development of the new LYRIC criteria as an indeterminate-response category [11].

There is growing evidence for the utility of using machine learning methods for semi-
quantification, such as convolutional neural networks (CNN). Recent work by Etchebehere
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et al. demonstrated clearly that the determination of whole body tumour burden in patients
with paediatric lymphoma using CNN is fast and feasible in implementation in clinical
practice [19].

3. Neuroblastoma

3.1. 2-[18F]FDG PET/CT in Neuroblastoma

Meta-[123I]iodobenzylguanidine ([123I]mIBG) is currently still the preferred imaging
agent for the staging and follow-up of patients with neuroblastoma. Due to differing
tumour biology, 10% of all patients with neuroblastoma do not take up [123I]mIBG [20].
Uptake in lesions may also be discordant due to heterogenous tumour biology. 2-[18F]FDG
PET/CT is a valuable tool in children with [123I]mIBG-negative disease or where there are
discordance in uptake between [123I]mIBG and anatomical images [21].

If a lesion is not [123I]mIBG-avid at diagnosis, it is associated with better prognosis
due to better tumour biology and lower proliferation index. As the tumours are treated, it
may also lose its [123I]mIBG avidity due to tumour differentiation, and turn into a more
benign pathology such as ganglioneuroma, 30% of which do not take up [123I]mIBG [21].
In a second group of patients, it may be an indication of a worse prognosis due to tumour
dedifferentiation, especially if there is discordance between the [123I]mIBG and 2-[18F]FDG
uptake. Higher 2-[18F]FDG has been found to be associated with poorer prognostic markers,
such a N-MYC amplification [22].

[123I]mIBG is not normally taken up in bone or bone marrow; therefore, if abnormal
uptake is seen in skeletal elements, the findings are in keeping with metastatic disease
involving the bone marrow with or without cortical bone involvement. This is one of the
reasons why [123I]mIBG is considered superior to 2-[18F]FDG for the detection of bone
marrow uptake, as 2-[18F]FDG has low grade diffuse uptake in normal bone marrow [23].
Despite this apparent weakness of 2-[18F]FDG for the detection of bone marrow involve-
ment, pathological 2-[18F]FDG in bone marrow is a reliable predictor of bone marrow
involvement. This holds true especially for the baseline imaging. Diffuse increased in bone
marrow uptake on an interim of post treatment 2-[18F]FDG PET/CT is part of the treatment
response and may be falsely interpreted as pathological uptake [24].

2-[18F]FDG is better than [123I]mIBG for the evaluation of soft tissue disease. This
is partly due to the higher spatial resolution as well as the routine addition of the CT
component, which helps to differentiate between physiological and pathophysiological
uptake in soft tissues [23].

Another important limitation of 2-[18F]FDG is the high physiological uptake of
2-[18F]FDG in the brain, which hampers the evaluation of skeletal involvement in the
skull, a frequent site of metastatic disease [21].

3.2. [124I]mIBG PET/CT in Neuroblastoma

[124I]mIBG a PET/CT tracer has not entered the realm of routine clinical use due to
a number of limitations. This tracer has a relatively long half-life, 4.2 days, which means
that is it still a two-day imaging procedure. It has a positron abundance of only 23%, which
leads to a relatively low image quality compared to other PET/CT tracers. There is also
still a need to block the thyroid gland prior to imaging [21].

3.3. [68Ga]DOTA-SSA PET/CT in Neuroblastoma

Somatostatin receptors, specifically somatostatin receptor subtype 2 (SSTR2), are
overexpressed in paediatric tumours. [68Ga]DOTA-somatostatin analogues ([68Ga]DOTA-
SSA) bind to somatostatin receptors and are used to image tumours with overexpression of
these receptors [25].

In laboratory studies, it has been shown that 77 to 89% of neuroblastoma cells ex-
press somatostatin receptors. The use of [68Ga]DOTA-SSA PET/CT in neuroblastoma
is promising. In a small study [68Ga]DOTA-SSA uptake was confirmed in eight chil-
dren with relapsed neuroblastoma. Four of these children went on to receive peptide
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receptor radionuclide therapy (PRRT) [26]. The largest study available at this time is a
study by Gains et al. They imaged 42 patients with neuroblastoma with both [123I]mIBG
and [68Ga]DOTATATE; all patients had [68Ga]DOTATATE uptake and two did not have
[123I]mIBG uptake. They did find some lesion variation, with some lesions taking up
[123I]mIBG and not [68Ga]DOTATATE and vice versa [27].

The use of [68Ga]DOTA-SSA in neuroblastoma has a number of advantages compared
to [123I]mIBG. The imaging protocol is easier, with imaging being done 1 h after injection
compared to the 24 h images of [123I]mIBG. Patient preparation is also easier, as there
is no need to block the thyroid [28,29]. There is a long list of medications that interfere
with [123I]mIBG uptake, including medications commonly used in children, such as over
the counter cold and flu preparations [30]. Somatostatin therapy, which is rarely used
in children, is the only treatment that needs to be stopped prior to [68Ga]DOTA-SSA
imaging [29]. 68Gallium is obtained from a generator and is therefore readily available in
centres with the 68Germanium/68Gallium generator; in contrast, [123I]mIBG is cyclotron-
produced, which hampers availability in centres far from a cyclotron. Finally the special
resolution with PET tracers is better than that of [123I]mIBG, Figure 2 [21].
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Figure 2. The [68Ga]Ga-DOTANOC images of a 11-year-old boy with stage 4 neuroblastoma which
is refractory to treatment. There is widespread abnormal uptake in the skeleton. On the transaxial
images illustrates extensive abnormal uptake in the expansile skull lesions.

If a tumour is ([68Ga]DOTA-SSA-avid, this opens up the possibility of PRRT with
either [177Lu]DOTATATE or [90Y]DOTANOC [31]. There is growing interest in the use of
PRRT in these patients [32,33].

3.4. [18F]F-DOPA PET/CT in Neuroblastoma

L-dihydroxyphenylalanine (L-DOPA) is a precursor of dopamine and it can be labelled
with 18F to form [18F]Fluoro-L-DOPA ([18F]F-DOPA). [18F]F-DOPA is actively transported
into cells via the large neutral amino acid transporter 1(LAT1) system and converted in
the cell to [18F]fluorodopamine by the enzyme L-amino acid decarboxylase (AADC). In
neuroblastoma, uptake of [18F]F-DOPA in tumour cells is due to increased intracellular
transport and increased activity of AACD [21].
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In a head-to-head comparison between [123I]mIBG scintigraphy and [18F]F-DOPA
PET/CT, 19 patients with 28 paired studies, [18F]F-DOPA PET/CT outperformed [123I]mIBG
scintigraphy. In total, 16 patients had [18F]F-DOPA-avid tumours in comparison to 11 pa-
tients with [123I]mIBG-avid tumours. On a lesion-based analysis [18F]F-DOPA PET/CT
detected 141 lesions in comparison to the 88 lesions detected by [123I]mIBG scintigraphy.
The lesion-based sensitivity of [18F]F-DOPA PET/CT was 90% vs. 56% for [123I]mIBG
scintigraphy. There was no difference in specificity [34]. Piccardo et al. compared [18F]F-
DOPA PET/CT to [123I]mIBG SPECT/CT in a prospective study in children and found
that [18F]F-DOPA PET/CT was more sensitive in detecting soft tissue metastases and small
bone localizations; they also found it to be better for post treatment evaluation and for
prognostic significance. [35] Comparing 2-[18F]FDG with [18F]F-DOPA, higher [18F]F-DOPA
after induction treatment is associated with a better prognosis [36]. Despite the apparent
advantages of [18F]F-DOPA PET/CT, its role is currently limited to the small number of
patients who do not have [123I]mIBG uptake [21].

3.5. Other Tracers in Neuroblastoma

Meta-[18F]Fluorobenzylguanidine ([18F]mFBG]) has a similar uptake mechanism to
[123I]mIBG [21]. This is still and experimental tracer and has been reported in the preclinical
setting as well as in a small study which reported uptake three-times higher than in-vivo
[123I]mIBG in neuroblastoma [37]. A small clinical study by Pandit-Taskar et al. conducted
the first-in-human use of this tracer, of which five patients had neuroblastoma. This study
demonstrated the benefits of single day imaging versus two days with [123I]mIBG, which
will be beneficial in the paediatric setting, and improved spatial resolution and image
detection. This will be of great benefit once the tracer becomes more readily available [38].

Carbon-11(11C)-labeled meta-hydroxyephedrine ([11C]mHED is a noradrenaline ana-
logue that has been investigated for use in neuroblastoma. In limited studies this tracer
has shown higher diagnostic accuracy than [123I]mIBG. The use of this tracer is limited
by its short half-life and the need for an onsite cyclotron. The advantage of this tracer is
lower radiation exposure due to its short half-life [21,39,40]. The different tracer for use in
neuroblastoma is summarised in Table 1.

Table 1. Summary of PET tracers used for imaging neuroblastoma.

Radiopharmaceutical Advantages Disadvantages

2-[18F]FDG

Valuable in children with
[123I]mIBG negative disease.
Prognostic indicator
Evaluates soft tissue disease
Higher spatial resolution

Limited detection of bone marrow
disease
Physiological brain uptake
hampers evaluation of skeletal
involvement in the skull

[124I]mIBG
Long half-life
Can be used for personal
dosimetry

Low image quality
Needs thyroid blockade
Not widely available
Higher radiation exposure

[68Ga]DOTA-SSA

Safe and feasible in children
One day imaging due to short
half-life
Lower radiation
Prognostic value
Identify potential candidates for
PRRT

Germanium generator required
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Table 1. Cont.

Radiopharmaceutical Advantages Disadvantages

[18F]F-DOPA Prognostic value Experience limited

[18F]mFBG]

Allows for single day, high
resolution, quality imaging
Shorter imaging advantages for
children

Limited availability
Lack of experience

[11C]mHED
Higher diagnostic accuracy
Lower radiation exposure

Limited data
Short half-life
Limited availability
Requires onsite cyclotron

4. Sarcoma
4.1. Osteosarcoma

Osteosarcoma is the most prevalent paediatric bone tumour with an incidence of 4.8
per million per year [41]. It frequently metastasizes to the bones and lungs. 2-[18F]FDG
PET/CT is more sensitive than [99mTc]Tc-methylene diphosphonate ([99mTc]Tc-MDP])
bone scintigraphy for the detection of bone metastases. In the largest study comparing
2-[18F]FDG PET/CT and [99mTc]Tc-MDP in 206 patients, 38 of whom had bone metastases
the sensitivity, specificity and diagnostic accuracy of [18F]FDG PET/CT was 95, 98 and
98%, and the corresponding values for [99mTc]Tc-MDP scintigraphy were 76, 97 and 96%,
respectively. One of the weaknesses of bone scintigraphy identified in this study were
the detection of lesions close to the growth plates [42]. A number of smaller studies also
confirmed superiority of 2-[18F]FDG PET/CT for the detection of bone metastases [43].

Dedicated lung CT scans are still the investigation of choice for the evaluation of
lung metastases. 2-[18F]FDG PET/CT has a lower sensitivity for detecting small lung
metastases [43,44]. 2-[18F]FDG avidity can be useful in differentiating between benign and
malignant lesions. However, if a lung lesion is 2-[18F]FDG-avid, standard uptake value
(SUV) > 1, it is more likely to be a lung metastasis [45].

Detecting disease recurrence at the site of surgical resection in the region of the limb
prosthesis is one the most difficult areas in medical imaging. There is a foreign body
reaction with low grade 2-[18F]FDG uptake around the limb prosthesis which may persist
for a long period of time. Uptake around the prosthesis is usually more intense at 12 and
18 months after surgery than 3 months after surgery. If there is high 2-[18F]FDG uptake,
SUVmax > 4.2, at the time of suspected recurrence and if uptake increases significantly
with successive scans, ∆SUV > 75.0, 2-[18F]FDG PET/CT has a sensitivity, specificity and
accuracy for detecting local recurrence of 78, 94 and 93% [46].

A good histopathologic response, >90% necrosis, after neoadjuvant chemotherapy,
is a predictor of favourable response to treatment [46]. Using 2-[18F]FDG PET/CT as a
surrogate investigation prior to surgery to assess the response to neoadjuvant treatment
has been investigated. A significant decrease in 2-[18F]FDG uptake from baseline to the
end of neoadjuvant chemotherapy is an independent predictor of disease and histological
response. Patients with persistent high or increasing 2-[18F]FDG uptake despite neoadju-
vant treatment have a poorer progression towards survival [47]. The use of 2-[18F]FDG to
adapt treatment strategies in children with poor response to neoadjuvant chemotherapy
still needs to be investigated further [44].

4.2. Ewing Sarcoma

Ewing sarcoma is the second most common paediatric bone tumour with an incidence
of 3 per million per year [43]. It usually arises from bones but may also arise from soft
tissue. Unlike osteosarcoma [48], it also metastasizes to soft tissue and bone marrow. The
most frequent metastatic lesions occur in lung and bone [49].
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Conventional staging for Ewing sarcoma still includes [99mTc]Tc-MDP bone scintigra-
phy [44].

Early studies showed that 2-[18F]FDG PET is superior to [99mTc]Tc-MDP bone scintig-
raphy for detecting bone metastases. In a study with 38 patients with Ewing sarcoma,
the examination based sensitivity, specificity and diagnostic accuracy was 1.00, 0.96 and
0.97 for 2-[18F]FDG PET and 0.68, 0.87 and 0.82 for bone scintigraphy [50]. A prospective
multicenter study, which included 46 paediatric patients with Ewing sarcoma, compared
2-[18F]FDG PET with conventional imaging, magnetic resonance imaging (MRI), CT and
bone scintigraphy, and found that 2-[18F]FDG PET was superior for detecting lymph node
(sensitivity 92% vs. 25%) and bone involvement (90% vs. 57%) [51].

Hybrid PET/CT imaging is superior to standalone PET imaging. A small study,
13 patients including six patients with metastatic bone disease, found that 2-[18F]FDG
PET/CT detected more bone lesions but missed two lesions in the skull due to high physio-
logical FDG uptake in the brain [52]. Another small study showed that 2-[18F]FDG PET/CT
detected bone metastases in 11 of 12 patients with bone metastases; the false negative study
was in a patient with a sclerotic bone lesion. In comparison, bone scintigraphy detected
bone metastases in nine of the 12 patients; the three false negative studies occurred in
patients with lytic bone lesions [53].

A meta-analysis which included 31 studies and 735 patients found that the pooled
sensitivity of 2-[18F]FDG PET and 2-[18F]FDG PET/CT for the detection of bone metastases
was 83.9% (95% CI: 70.5–91.9%) the pooled specificity was 93.2% (95%CI: 86.9–96.6%). The
overall sensitivity for detecting lymph node metastases was 79.3% (95% CI: 58.7–91.2%) and
the specificity was 97.9% (95% CI: 93.5–99.3%). Not surprisingly, the overall sensitivity for
detecting lung metastases was low at 76.1% (95% CI: 61.4–86.5%), and the overall specificity
was 92.4% (95% CI: 86.3–95.9%) [54].

Ultimately, 2-[18F]FDG PET/CT is able to reliably detect bone marrow involvement
and some authors are recommending that routine bone marrow aspiration at diagnosis
may be omitted if 2-[18F]FDG PET/CT is available [55–57].

2-[18F]FDG PET/CT is recommended for restaging relapsed patients. A meta-analysis
of 5 trails involving 123 patients found that 2-[18F]FDG PET and 2-[18F]FDG PET/CT had
a pooled sensitivity of 93% (95% CI: 83–98%) and a pooled specificity of 95% (95% CI:
80–96%) [58], Figure 3.

The value of 2-[18F]FDG PET/CT to predict treatment response and overall survival
is still under investigation. If a patient has a positive 2-[18F]FDG PET/CT at relapse,
it is associated with a shorter overall survival [59]. In a study of 28 patients with non-
metastatic Ewing sarcoma the tumour SUV, metabolic tumour volume (MTV), and total
lesion glycolysis (TLG) were measured at baseline and after completion of neoadjuvant
chemotherapy. A ∆TGL with a cut-off of −60% was the best predictor of histological
response, with a 100% sensitivity and a 77.8% specificity. However, SUV at the completion
of neoadjuvant chemotherapy of >3.3 and a ∆TGL of less than −18% were independent
predictors of worse overall survival on multivariate analysis [60].

Several other studies looking into the predictive role of 2-[18F]FDG PET/CT in Ewing
sarcoma demonstrated heterogeneous results. A study by Raciborska et al., which looked at
50 patients with Ewing sarcoma that had imaging done at diagnosis and prior to induction
of chemotherapy to assess histological response and PET metrics, demonstrated a positive
correlation between SUV at diagnosis and response after neoadjuvant chemotherapy. Pa-
tients with SUV > 2.5 had a higher risk of relapse and death [61]. A relatively similar study
also looked at 2-[18F]FDG PET/CT metabolic indices in assessment of histological response
to neoadjuvant chemotherapy in 31 patients with Ewing sarcoma and osteosarcoma did not
demonstrate a predictive role; however, it confirmed that 2-[18F]FDG PET/CT was superior
in detecting skeletal and soft tissue lesions and that conventional imaging was superior in
detecting small pulmonary metastases, as seen in Figure 3 [62]. A children’s hospital in
Egypt also looked to assess the predictive value of 2-[18F]FDG PET/CT parameters in histo-
logical response to neoadjuvant chemotherapy and recommended a SUVmax cut off value
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of <2.5 to predict histological response. This, however, had a wide confidence interval. The
limiting factors in these studies are the retrospective nature and small size of the studies,
which make inferences on the predictive role of 2-[18F]FDG PET/CT metabolic parameters
difficult to conclude with certainty in the absence of larger prospective studies [63].
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Figure 3. The 2-[18F]FDG PET/CT images of a 14-year-old with relapsed Ewing sarcoma. Diffuse
increased bone marrow uptake in the long bones is in keeping with recent colony stimulating growth
factor. He also had an autotransplant of a solitary kidney into the pelvis prior to radiotherapy. There
are abnormal uptake bone lesions with accompanying soft tissue masses in the scapula and right
proximal tibia. This illustrates the superiority of 2-[18F]FDG PET/CT for the detection of soft tissue
masses.

Additional imaging of primary bone tumours utilizing PET/CT has been explored in
adults with [18F]NaF (Sodium Flouride), which has similar characteristics to [99mTc]Tc-MDP
but improved resolution. The benefits are the half-life and imaging an hour after injection
in comparison to three to four hours with [99mTc]Tc-MDP, and improved sensitivity. The
role of [18F]NaF in primary bone tumours in paediatrics is not well-established [64,65].

4.3. Rhabdomyosarcoma

Rhabdomyosarcoma is the most common soft tissue sarcoma in children and adoles-
cents. This tumour can metastasize to lymph nodes, lung, bone marrow and bone [44].

In 2021, a Cochrane review assessing the usefulness of 2-[18F]FDG PET/CT in staging
of rhabdomyosarcoma based on only two studies with a total of 36 patients concluded that
there was no convincing evidence for the use of this modality for the staging in this tumour
and that larger studies were needed [66].

The European soft tissue sarcoma study group recently published a study comparing
the use of 2-[18F]FDG PET/CT to the conventional imaging work-up at diagnosis in 118
children with metastatic rhabdomyosarcoma. 2-[18F]FDG PET/CT had a high sensitivity
compared to conventional imaging work-up 96.2% vs. 78.5% for locoregional disease and
94.8% vs. 79.3% for distant lymph node involvement. 2-[18F]FDG PET/CT was more
sensitive than bone scintigraphy (96.4% vs. 67.9%). The 2-[18F]FDG PET/CT sensitivity
and specificity for detection of bone marrow involve was also high, at 91.8% and 93.8%,
respectively. Dedicated CT lung was still the reference investigation for the detection of
lung metastases. Importantly, in four patients, 2-[18F]FDG PET/CT upstaged the patients
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from localized to metastatic disease. One of the recommendations of this study was
that 2-[18F]FDG PET/CT should replace bone scintigraphy for the evaluation of bone
metastases [67].

4.4. Nephroblastoma

2-[18F]FDG PET/CT has not significant impact on the management of patients with
nephroblastoma compared to other imaging modalities. Nephroblastoma frequently metas-
tasizes to the lungs and PET/CT will unfortunately miss smaller lung metastases [68].

5. Pediatric Brain Tumours

The use of 2-[18F]FDG is limited in paediatric brain tumours due to the high physi-
ological brain uptake of the tracer [69]. This tracer has proven to be useful in detecting
distant metastases in patients with glioblastoma [70].

In the last couple of decades, other tracers have been developed which target different
metabolic pathways. Malignant cells have high levels of choline-kinase activity with
increased utilization of choline. A number of small studies have investigated the use of
[18F]Fluoromethyl-choline ([18F]FCH) and 18F]Fluoroethyl-choline ([18F]FEC) PET/MRI in
paediatric brain tumours [25].

Newer tracers are showing promise in the evaluations of paediatric brain tumours.
These include tracers which bind to the gastrin releasing peptide receptor (GRPR), such
as [68Ga]Ga-NOTA-Aca-BNN. ([68Ga]Ga-BNN) GRPR has increased expression in glioma.
This also opens up the possibility of treatments with GRPR-targeted therapy [71].

A number of tracers have been investigated in this setting of paediatric brain tumours;
these include, [18F]F-DOPA, [18F]Fluoro-ethyl-tyrosine ([18F]FET), [11C]methylmethiamine
and [64Cu]CuCl2 [3,72,73].

Somatostatin receptors specifically somatostatin receptor subtype 2 (SSTR2) is overex-
pressed in paediatric tumours, including medulloblastoma and primitive neuroectodermal
tumours (PNET). If a brain tumour is ([68Ga]DOTA-SSA-avid, this opens up the possibility
of PRRT with either [177Lu]DOTATATE or [90Y]DOTANOC [31].

6. Langerhans-Cell Histiocytosis

Langerhans-Cell Histiocytosis (LCH) is one of the most common of the Histiocytosis.
Globally, the incidence is 5–9 per million children under the age of 15 years [74]. LCH has a
varied clinical presentation with patients presenting with solitary lesions to multisystemic
disease [75]. The implications of imaging are important to characterize whether patients
have low vs high-risk LCH, particularly with the association of BRAF V600E mutation [76].

The most common area affected In LCH is the skeleton (78–90%), with the skin and
pituitary gland being affected in 33% and 25% of patients, respectively [77,78]. Other organs
can be affected, such as the spleen, liver, haemopoetic system, lung (at 15%), lymph nodes
(up to 10%) and central nervous system excluding the pituitary gland (2–4%) [74]. The use
of 2-[18F]FDG PET/CT in LCH has grown significantly over the last decade in diagnosis,
staging, and response assessment in patients with LCH, particularly in distinguishing
single-system LCH (SS-LCH), low-risk multisystem LCH (MS-LCH), and multisystem
LCH, which have different treatment implications for the referring clinician, as can be
observed in Figure 4 [74,79].

2-[18F]FDG PET/CT is recommended in the current National Comprehensive Cancer
Network (NCCN) guidelines for staging and response assessment [80]. Multiple studies
have demonstrated the utility of 2-[18F]FDG PET/CT to detect more lesions than conven-
tional imaging in multiple sites [81–84]. Jessop et al. reported a sensitivity and specificity
of 100% and 83%, respectively, with low false positive rates [79]. The skull being one of
the most affected skeletal sites; as such, detection of lesions in this area is challenging,
with 2-[18F]FDG PET/CT owing to the physiological brain activity. Suspected CNS LCH
involvement should ideally be characterized with MRI [85]. CT and MRI should continue
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to be used as adjunctive studies to characterize LCH lung involvement owing to discordant
areas where there are positive lung findings for LCH with no 2-[18F]FDG uptake [81,82].
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for a stem cell transplant. There is evidence of significant disease in the nasopharynx with multiple
skeletal lesions. This illustrates the value of 2-[18F]FDG PET/CT for re-staging prior to treatment.

7. Other Disorders in the Histiocytoses Series
7.1. Rosai–Dorfman Disease

Rosai–Dorfman Disease(RDD) is a disease that predominantly affects children more
than adults and typically presents with painless lymphadenopathy [75]. Patients are
generally diagnosed on biopsy, with histology showing histiocytic cells positive for S100
and CD68 and negative for CD1a and CD207, unlike in LCH [86]. Extranodal manifestations
of RDD is seen in approximately 40% of patients and can include the nasal cavity and
paranasal sinuses (11%), skin which presents as subcutaneous masses (10%), bone (5–10%)
and intrathoracic, retroperitoneal, genitourinary and CNS manifestations (<5%), as seen in
Figure 5 [87].

2-[18F]FDG PET/CT is recommended as a baseline investigation in characterizing
a disease [80]. In a single centre study where 109 studies were reviewed in 27 patients
with RDD, distribution of disease was nodal/cutaneous in 18%, with predominance of
extranodal involvement in the skeleton (33%), CNS (26%) and other extranodal sites (23%).
2-[18F]FDG PET/CT was also able to identify additional sites of disease in those patients
who had prior anatomical imaging CT or MRI in 30% of patients. Of the 109 PET/CT
studies, 13 led to a change in management affecting 41% of the patients. MRI is still
recommended to characterize disease in the rare case of CNS, particularly if it involves the
brain owing to high physiological 2-[18F]FDG uptake in this area [88].
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revealed extra-pulmonary TB mimicking Rosai–Dorfman disease.

7.2. Juvenile Xanthogranulomata

Of the Xanthogranulomata family, Juvenile (JXG) is the most common of the non-LCH
spectrum, occurring predominantly in the first year of life [75,89]. Clinically, patients
present with numerous red to yellow nodules up to 1cm in diameter which spontaneously
resolve. Extracutaneous manifestations confer it a poor prognosis with a mortality rate
of 5–10%; 2-[18F]FDG can assist stratifying extent of disease, despite there being no clear
consensus recommendations on the preferred modality for monitoring therapy. Limited
case reports have shown the utility of FDG to assist in staging and response assessment to
therapy in multiple cutaneous and extracutaneous sites [90,91].

7.3. Haemophagocytic Lymphohistiocytosis

Haemophagocytic lymphohistiocytosis (HLH) is a rare disease characterised by intense
immune activation owing to an excess of activated lymphocytes and macrophages, in
which patients can present with fever, hepatomegaly, splenomegaly, hyperferritinaemia
and cytopaenias. Owing to the severity of the clinical course, mortality is significant in
these cases [75].

Primary HLH affects infants in an autosomal recessive mode. Secondary HLH(sHLH)
can present at any age and is either associated with rheumatic disease, infection, malignancy,
or prolongation of immunosuppression [75].

2-[18F]FDG PET/CT has been shown recently to assist in detecting potential malig-
nancy and predicting prognosis in paediatric HLH with EBV infection. An SUVmax-lesions
of >6.04, and SUVmax-Lymph node/Mediastinal blood pool > 5.74, with the presence
of extranodal hypermetabolic lesions in multiple organs, was indicative of malignant
HLH [92].

A second study also reviewed quantitative PET parameters to characterise malignant
involvement in various organs in patients with sHLH. Malignant disease was considered
when the SUVmax-lymph nodes was higher than 4.41 and other hypermetabolic lesions
occurred in extranodal organs. In addition, with EBV-HLH, a higher SUVmax of the bone
marrow was associated with a poorer prognosis [93].
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8. Future Perspectives

The latest developments in PET/CT imaging is looking into a different aspect of the
tumour microenvironment by imaging cancer associated fibroblasts (CAFs) with fibroblast
activation protein (FAP) in comparison to tumour metabolism with 2-[18F]FDG PET/CT.
FAP is a membrane-anchored serine protease with dipeptidyl peptidase and endopeptidase
activity and is overexpressed by CAFs. CAFs are represented in many cancers and represent
a diverse population of cells which promote or suppress tumour cells. Due to higher
tumour uptake, low accumulation in normal tissues, and rapid clearance, FAPI PET/CT
has demonstrated advantages over 2-[18F]FDG PET/CT; limitations such as physiological
uptake by brain and liver in are not seen with FAPI PET/CT [94].

FAPI PET/CT has been demonstrated in up to 28 different kinds of cancer, includ-
ing head and neck cancers, gastrointestinal tract cancers, pancreas and liver tumours,
lymphoma, sarcoma, and gynaecological malignancies [95]. With relevance to tumours
commonly seen in paediatric populations, FAPI PET/CT has demonstrated expression in
bone and soft tissue sarcomas as well as in Hodgkin’s and Non-Hodgkin’s lymphomas.
The imaging findings were compared to immunohistochemistry; however, the prognostic
significance is yet to be explored [96,97].

To our knowledge, no studies have been published to date to demonstrate the utility
of FAPI PET/CT in paediatric oncology; however, recent research shows that FAPI is
a promising tracer, which will demonstrate value in imaging multiple malignancies as
prospective studies comparing FAPI with conventional FDG, DOTA-SSA and DOPA are
currently enrolled [98].
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Muszyńska-Rosłan, K.; et al. Response to Chemotherapy Estimates by FDG PET Is an Important Prognostic Factor in Patients
with Ewing Sarcoma. Clin. Transl. Oncol. 2016, 18, 189–195. [CrossRef]

62. Bailly, C.; Leforestier, R.; Campion, L.; Thebaud, E.; Moreau, A.; Kraeber-Bodere, F.; Carlier, T.; Bodet-Milin, C. Prognostic Value of
FDG-PET Indices for the Assessment of Histological Response to Neoadjuvant Chemotherapy and Outcome in Pediatric Patients
with Ewing Sarcoma and Osteosarcoma. PLoS ONE 2017, 12, e0183841. [CrossRef] [PubMed]

63. El-Hennawy, G.; Moustafa, H.; Omar, W.; Elkinaai, N.; Kamel, A.; Zaki, I.; Farid, N.; El-Kholy, E. Different 18F-FDG PET
Parameters for the Prediction of Histological Response to Neoadjuvant Chemotherapy in Pediatric Ewing Sarcoma Family of
Tumors. Pediatr. Blood Cancer 2020, 67, e28605. [CrossRef] [PubMed]

64. Even-Sapir, E.; Metser, U.; Flusser, G.; Zuriel, L.; Kollender, Y.; Lerman, H.; Lievshitz, G.; Ron, I.; Mishani, E. Assessment
of Malignant Skeletal Disease: Initial Experience with 18F-Fluoride PET/CT and Comparison between 18F-Fluoride PET and
18F-Fluoride PET/CT. J. Nucl. Med. 2004, 45, 272–278.

65. Khalatbari, H.; Parisi, M.T.; Kwatra, N.; Harrison, D.J.; Shulkin, B.L. Pediatric Musculoskeletal Imaging: The Indications for and
Applications of PET/Computed Tomography. PET Clin. 2019, 14, 145–174. [CrossRef]

66. Vaarwerk, B.; Breunis, W.B.; Haveman, L.M.; de Keizer, B.; Jehanno, N.; Borgwardt, L.; van Rijn, R.R.; van den Berg, H.; Cohen,
J.F.; van Dalen, E.C.; et al. Fluorine-18-Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) Computed Tomography
(CT) for the Detection of Bone, Lung, and Lymph Node Metastases in Rhabdomyosarcoma. Cochrane Database Syst. Rev. 2021, 11.
[CrossRef]

67. Mercolini, F.; Zucchetta, P.; Jehanno, N.; Corradini, N.; Van Rijn, R.R.; Rogers, T.; Cameron, A.; Scarzello, G.; Coppadoro, B.;
Minard-Colin, V.; et al. Role of 18F-FDG-PET/CT in the Staging of Metastatic Rhabdomyosarcoma: A Report from the European
Paediatric Soft Tissue Sarcoma Study Group. Eur. J. Cancer 2021, 155, 155–162. [CrossRef] [PubMed]

68. Hossain, A.K.M.M.; Shulkin, B.L.; Gelfand, M.J.; Bashir, H.; Daw, N.C.; Sharp, S.E.; Nadel, H.R.; Dome, J.S. FDG Positron Emission
Tomography/Computed Tomography Studies of Wilms’ Tumor. Eur. J. Nucl. Med. Mol. Imaging 2010, 37, 1300–1308. [CrossRef]

69. Uslu, L.; Donig, J.; Link, M.; Rosenberg, J.; Quon, A.; Daldrup-Link, H.E. Value of 18F-FDG PET and PET/CT for Evaluation of
Pediatric Malignancies. J. Nucl. Med. 2015, 56, 274–286. [CrossRef]

70. Kay, M.D.; Pariury, H.E.; Perry, A.; Winegar, B.A.; Kuo, P.H. Extracranial Metastases from Glioblastoma with Primitive Neuronal
Components on FDG PET/CT. Clin. Nucl. Med. 2020, 45, E162–E164. [CrossRef]

71. Zhang, J.; Li, D.; Lang, L.; Zhu, Z.; Wang, L.; Wu, P.; Niu, G.; Chen, X. 68Ga-NOTA-Aca-BBN(7-14) PET/CT in Healthy Volunteers
and Glioma Patients. J. Nucl. Med. 2016, 57, 9–14. [CrossRef]

72. Glaudemans, A.W.J.M.; Enting, R.H.; Heesters, M.A.A.M.; Dierckx, R.A.J.O.; van Rheenen, R.W.J.; Walenkamp, A.M.E.; Slart,
R.H.J.A. Value of 11C-Methionine PET in Imaging Brain Tumours and Metastases. Eur. J. Nucl. Med. Mol. Imaging 2013, 40,
615–635. [CrossRef]

73. Fiz, F.; Bottoni, G.; Ugolini, M.; Righi, S.; Cirone, A.; Garganese, M.C.; Verrico, A.; Rossi, A.; Milanaccio, C.; Ramaglia, A.;
et al. Diagnostic and Dosimetry Features of [64Cu]CuCl2 in High-Grade Paediatric Infiltrative Gliomas. Mol. Imaging Biol. 2022.
[CrossRef]

74. Allen, C.E.; Merad, M.; McClain, K.L. Langerhans-Cell Histiocytosis. N. Engl. J. Med. 2018, 379, 856–868. [CrossRef] [PubMed]
75. Emile, J.F.; Abla, O.; Fraitag, S.; Horne, A.; Haroche, J.; Donadieu, J.; Requena-Caballero, L.; Jordan, M.B.; Abdel-Wahab, O.; Allen,

C.E.; et al. Revised Classification of Histiocytoses and Neoplasms of the Macrophage-Dendritic Cell Lineages. Blood 2016, 127,
2672–2681. [CrossRef]

76. Thacker, N.H.; Abla, O. Pediatric Langerhans Cell Histiocytosis: State of the Science and Future Directions. Clin. Adv. Hematol.
Oncol. 2019, 17, 122–131. [PubMed]

http://doi.org/10.1002/pbc.29415
http://www.ncbi.nlm.nih.gov/pubmed/34709700
http://doi.org/10.3390/cancers13133261
http://www.ncbi.nlm.nih.gov/pubmed/34209887
http://doi.org/10.1097/MPH.0000000000001499
http://www.ncbi.nlm.nih.gov/pubmed/31033787
http://doi.org/10.1007/s00256-017-2807-2
http://www.ncbi.nlm.nih.gov/pubmed/29124298
http://doi.org/10.1097/MD.0000000000013457
http://doi.org/10.1097/MPH.0000000000001518
http://doi.org/10.1007/s00330-021-07841-w
http://doi.org/10.1007/s12094-015-1351-6
http://doi.org/10.1371/journal.pone.0183841
http://www.ncbi.nlm.nih.gov/pubmed/28841702
http://doi.org/10.1002/pbc.28605
http://www.ncbi.nlm.nih.gov/pubmed/32706520
http://doi.org/10.1016/j.cpet.2018.08.008
http://doi.org/10.1002/14651858.CD012325.pub2
http://doi.org/10.1016/j.ejca.2021.07.006
http://www.ncbi.nlm.nih.gov/pubmed/34385068
http://doi.org/10.1007/s00259-010-1396-2
http://doi.org/10.2967/jnumed.114.146290
http://doi.org/10.1097/RLU.0000000000002896
http://doi.org/10.2967/jnumed.115.165316
http://doi.org/10.1007/s00259-012-2295-5
http://doi.org/10.1007/s11307-022-01769-3
http://doi.org/10.1056/NEJMra1607548
http://www.ncbi.nlm.nih.gov/pubmed/30157397
http://doi.org/10.1182/blood-2016-01-690636
http://www.ncbi.nlm.nih.gov/pubmed/30845115


Diagnostics 2023, 13, 192 17 of 17

77. Leung, A.K.C.; Lam, J.M.; Leong, K.F. Childhood Langerhans Cell Histiocytosis: A Disease with Many Faces. World J. Pediatr.
2019, 15, 536–545. [CrossRef]

78. Morimoto, A.; Ishida, Y.; Suzuki, N.; Ohga, S.; Shioda, Y.; Okimoto, Y.; Kudo, K.; Ishii, E. Nationwide Survey of Single-System
Single Site Langerhans Cell Histiocytosis in Japan. Pediatr. Blood Cancer 2010, 54, 98–102. [CrossRef]

79. Jessop, S.; Crudgington, D.; London, K.; Kellie, S.; Howman-Giles, R. FDG PET-CT in Pediatric Langerhans Cell Histiocytosis.
Pediatr. Blood Cancer 2020, 67, e28034. [CrossRef]

80. Go, R.S.; Jacobsen, E.; Baiocchi, R.; Buhtoiarov, I.; Butler, E.B.; Campbell, P.K.; Coulter, D.W.; Diamond, E.; Flagg, A.; Goodman,
A.M.; et al. Histiocytic Neoplasms, Version 2.2021. JNCCN J. Natl. Compr. Cancer Netw. 2021, 19, 1277–1303. [CrossRef] [PubMed]

81. Albano, D.; Bosio, G.; Giubbini, R.; Bertagna, F. Role of 18F-FDG PET/CT in Patients Affected by Langerhans Cell Histiocytosis.
Jpn. J. Radiol. 2017, 35, 574–583. [CrossRef] [PubMed]

82. Ferrell, J.; Sharp, S.; Kumar, A.; Jordan, M.; Picarsic, J.; Nelson, A. Discrepancies between F-18-FDG PET/CT Findings and
Conventional Imaging in Langerhans Cell Histiocytosis. Pediatr. Blood Cancer 2021, 68, e28891. [CrossRef] [PubMed]

83. Luo, Z.H.; Lu, P.X.; Qi, W.L.; Liao, F.X.; Jin, A.F.; Zen, Q.Y. Role of 18F-FDG PET/CT in the Diagnosis and Management of Patients
with Langerhans Cell Histiocytosis. Quant. Imaging Med. Surg. 2022, 12, 3351–3363. [CrossRef]

84. Kitticharoenjit, P.; Supakul, N.; Rujkijyanont, P.; Traivaree, C.; Photia, A.; Monsereenusorn, C. Clinical Characteristics and
Outcomes of Langerhans Cell Histiocytosis at a Single Institution in Thailand: A 20-Year Retrospective Study. Asian Biomed. 2021,
15, 171–181. [CrossRef]

85. Haupt, R.; Minkov, M.; Astigarraga, I.; Schäfer, E.; Nanduri, V.; Jubran, R.; Egeler, R.M.; Janka, G.; Micic, D.; Rodriguez-Galindo,
C.; et al. Langerhans Cell Histiocytosis (LCH): Guidelines for Diagnosis, Clinical Work-up, and Treatment for Patients till the Age
of 18 Years. Pediatr. Blood Cancer 2013, 60, 175–184. [CrossRef]

86. Goyal, G.; Ravindran, A.; Young, J.R.; Shah, M.V.; Bennani, N.N.; Patnaik, M.M.; Nowakowski, G.S.; Thanarajasingam, G.;
Habermann, T.M.; Vassallo, R.; et al. Clinicopathological Features, Treatment Approaches, and Outcomes in Rosai-Dorfman
Disease. Haematologica 2020, 105, 348–357. [CrossRef] [PubMed]

87. Abla, O.; Jacobsen, E.; Picarsic, J.; Krenova, Z.; Jaffe, R.; Emile, J.F.; Durham, B.H.; Braier, J.; Charlotte, F.; Donadieu, J.; et al.
Consensus Recommendations for the Diagnosis and Clinical Management of Rosai-Dorfman-Destombes Disease. Blood 2018, 131,
2877–2890. [CrossRef]

88. Mahajan, S.; Nakajima, R.; Yabe, M.; Dogan, A.; Ulaner, G.A.; Yahalom, J.; Noy, A.; Diamond, E.L.; Schöder, H. Rosai-Dorfman
Disease-Utility of 18F-FDG PET/CT for Initial Evaluation and Follow-Up. Clin. Nucl. Med. 2020, 45, e260–e266. [CrossRef]

89. Haroche, J.; Abla, O. Uncommon Histiocytic Disorders: Rosai-Dorfman, Juvenile Xanthogranuloma, and Erdheim-Chester
Disease. Hematology 2015, 2015, 571–578. [CrossRef]

90. Wen, Z.; Zhuang, H. Therapy Response in a Pediatric Patient With Extracutaneous Juvenile Xanthogranuloma Monitored by FDG
PET/CT. Clin. Nucl. Med. 2020, 45, 303–305. [CrossRef]

91. Mavi, M.E.; Turan, B.S.; Salanci, B.V.; Bozkurt, M.F. Role of FDG PET/CT in the Evaluation of Therapy Response in Systemic
Juvenile Xanthogranuloma. Clin. Nucl. Med. 2022, 47, E395–E396. [CrossRef] [PubMed]

92. Lu, X.; Wei, A.; Yang, X.; Liu, J.; Li, S.; Kan, Y.; Wang, W.; Wang, T.; Zhang, R.; Yang, J. The Role of Pre-Therapeutic 18F-
FDG PET/CT in Pediatric Hemophagocytic Lymphohistiocytosis With Epstein-Barr Virus Infection. Front. Med. 2022, 8, 3115.
[CrossRef] [PubMed]

93. Wei, A.; Lu, X.; Ma, H.; Lian, H.; Yang, X.; Zhang, L.; Wang, D.; Chen, S.; Zhang, Q.; Li, Z.; et al. 18F-FDG PET/CT for Identifying
the Potential Primary Diseases and Predicting Prognosis of Secondary Hemophagocytic Lymphohistiocytosis in Children. Contrast
Media Mol. Imaging 2022, 2022, 4849081. [CrossRef] [PubMed]

94. Altmann, A.; Haberkorn, U.; Siveke, J. The Latest Developments in Imaging of Fibroblast Activation Protein. J. Nucl. Med. 2021,
62, 160–167. [CrossRef]

95. Kratochwil, C.; Flechsig, P.; Lindner, T.; Abderrahim, L.; Altmann, A.; Mier, W.; Adeberg, S.; Rathke, H.; Röhrich, M.; Winter, H.;
et al. 68Ga-FAPI PET/CT: Tracer Uptake in 28 Different Kinds of Cancer. J. Nucl. Med. 2019, 60, 801–805. [CrossRef]

96. Jin, X.; Wei, M.; Wang, S.; Wang, G.; Lai, Y.; Shi, Y.; Zhang, Y.; Yang, Z.; Wang, X. Detecting Fibroblast Activation Proteins in
Lymphoma Using 68Ga-FAPI PET/CT. J. Nucl. Med. 2022, 63, 212–217. [CrossRef] [PubMed]

97. Kessler, L.; Ferdinandus, J.; Hirmas, N.; Bauer, S.; Dirksen, U.; Zarrad, F.; Nader, M.; Chodyla, M.; Milosevic, A.; Umutlu, L.; et al.
Ga-FAPI as a Diagnostic Tool in Sarcoma: Data from the 68Ga-FAPI PET Prospective Observational Trial. J. Nucl. Med. 2022, 63,
89–95. [CrossRef] [PubMed]

98. Huang, R.; Pu, Y.; Huang, S.; Yang, C.; Yang, F.; Pu, Y.; Li, J.; Chen, L.; Huang, Y. FAPI-PET/CT in Cancer Imaging: A Potential
Novel Molecule of the Century. Front. Oncol. 2022, 12, 854658. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s12519-019-00304-9
http://doi.org/10.1002/pbc.22224
http://doi.org/10.1002/pbc.28034
http://doi.org/10.6004/jnccn.2021.0053
http://www.ncbi.nlm.nih.gov/pubmed/34781268
http://doi.org/10.1007/s11604-017-0668-1
http://www.ncbi.nlm.nih.gov/pubmed/28748503
http://doi.org/10.1002/pbc.28891
http://www.ncbi.nlm.nih.gov/pubmed/33442960
http://doi.org/10.21037/qims-21-823
http://doi.org/10.2478/abm-2021-0022
http://doi.org/10.1002/pbc.24367
http://doi.org/10.3324/haematol.2019.219626
http://www.ncbi.nlm.nih.gov/pubmed/31004029
http://doi.org/10.1182/blood-2018-03-839753
http://doi.org/10.1097/RLU.0000000000003014
http://doi.org/10.1182/asheducation-2015.1.571
http://doi.org/10.1097/RLU.0000000000002930
http://doi.org/10.1097/RLU.0000000000004085
http://www.ncbi.nlm.nih.gov/pubmed/35085175
http://doi.org/10.3389/fmed.2021.836438
http://www.ncbi.nlm.nih.gov/pubmed/35127776
http://doi.org/10.1155/2022/4849081
http://www.ncbi.nlm.nih.gov/pubmed/35510179
http://doi.org/10.2967/jnumed.120.244806
http://doi.org/10.2967/jnumed.119.227967
http://doi.org/10.2967/jnumed.121.262134
http://www.ncbi.nlm.nih.gov/pubmed/34049984
http://doi.org/10.2967/jnumed.121.262096
http://www.ncbi.nlm.nih.gov/pubmed/33931468
http://doi.org/10.3389/fonc.2022.854658

	Introduction 
	Paediatric Lymphoma 
	Neuroblastoma 
	2-[18F]FDG PET/CT in Neuroblastoma 
	[124I]mIBG PET/CT in Neuroblastoma 
	[68Ga]DOTA-SSA PET/CT in Neuroblastoma 
	[18F]F-DOPA PET/CT in Neuroblastoma 
	Other Tracers in Neuroblastoma 

	Sarcoma 
	Osteosarcoma 
	Ewing Sarcoma 
	Rhabdomyosarcoma 
	Nephroblastoma 

	Pediatric Brain Tumours 
	Langerhans-Cell Histiocytosis 
	Other Disorders in the Histiocytoses Series 
	Rosai–Dorfman Disease 
	Juvenile Xanthogranulomata 
	Haemophagocytic Lymphohistiocytosis 

	Future Perspectives 
	References

