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123]-Meta-lodobenzylguanidine Single-Photon Emission Computerized
Tomography/Computerized Tomography Scintigraphy in the Management

of Neuroblastoma

Abstract

Neuroblastoma is the most common pediatric extracranial solid tumor. High-risk neuroblastoma
is the most frequent presentation with an overall survival of approximately 50%.
123]-meta-iodobenzylguanidine ('**I-mIBG) scintigraphy in the assessment of the primary tumor and
its metastases at diagnosis and after chemotherapy is a cornerstone imaging modality. In particular,
the bulk of skeletal metastatic disease evaluated with '*I-mIBG at diagnosis and the following
chemotherapy has a prognostic value. Currently, single-photon emission computerized tomography/
computerised tomography (SPECT/CT) is considered a fundamental part of '*I-mIBG scintigraphy.
121-mIBG SPECT/CT is a highly specific and sensitive imaging biomarker and it has been the basis
of all existing neuroblastoma trials requiring molecular imaging. The introduction of SPECT/CT
has shown not only the heterogeneity of the mIBG uptake within the primary tumor but also the
presence of completely mIBG nonavid metastatic lesions with mIBG-avid primary neuroblastomas.
It is currently possible to semi-quantitatively assess tracer uptake with standardized uptake value,
which allows a more precise evaluation of the tracer avidity and can help monitor chemotherapy
response. The patchy mIBG uptake has consequences from a theranostic perspective and may partly
explain the failure of some neuroblastomas to respond to "*'I-mIBG molecular radiotherapy. Various
positron emission tomography tracers, targeting different aspects of neuroblastoma cell biology, are
being tested as possible alternatives to '*I-mIBG.
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Introduction them better suited to image biological
processes.l!! Also, with the advent of the
newest 16 slice SPECT/CT devices, the CT
component of a SPECT/CT study can be
programmed in different ways according
to the clinical need: from a very low dose
CT for attenuation correction only, to a
low dose CT for attenuation correction and
image fusion, to contrast-enhanced fully
diagnostic CT scan acquired immediately
at the end of the SPECT study, with the

Hybrid imaging devices with the ability
to  perform  single-photon  emission
computerized tomography (SPECT) and
computerized tomography (CT) have been
clinically available for approximately two
decades. The great expansion of positron
emission tomography (PET) with CT has
not resulted in diminished clinical use of
SPECT/CT. Although PET/CT scanners

have a higher sensitivity and a better
spatial resolution, the SPECT/CT system
presents some remarkable advantages: it is
widely available due to a lower cost; it is
a well-established technology and therefore
easy to use; most radioisotopes decay with
lower energy emission, thus giving a lower
radiation dose; and their half-life is often
longer than most of the PET tracers, making
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patient in the same position.

A semi-quantitative  assessment  of
tracer uptake is now possible with the
standardised uptake value (SUV) being
introduced in routine SPECT/scanning:
This measurement, with its well-known
limitations from its use in PET scanning,
allows a more precise evaluation of the
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tracer avidity in a particular area, which can help monitor
the effectiveness of therapy.[?

Meta-iodobenzylguanidine in Neuroblastoma

Staging

Neuroblastoma, an embryonal tumor of the autonomic
nervous system, is the most common pediatric extracranial
solid tumour. It is characterized by a diverse natural history,
ranging from rapid malignant progression to spontaneous
regression.’] Several clinical and biological markers have
been validated for risk stratification, including age, stage,
histopathology, chromosomal aberrations, amplification
of the MYCN oncogene, and response to induction
chemotherapy. Patients are usually treated following a
risk-adapted therapeutic strategy.[*]

Contrast-enhanced CT  and
imaging (MRI) are essential cross-sectional imaging
modalities to characterize the primary tumor and
demonstrate its relationship with the surrounding
anatomical structures.’). CT or MRI examinations have
been very helpful in identifying imaging defined risk
factors (IDRFs), such as, for example, encasement of
blood vessels or brachial plexus nerves, compression of
the trachea or major bronchi, infiltration of nearby organs
or anatomical spaces (for example, the spinal cord or the
peri-portal spaces). Based on the presence or absence
of IDRFs, the primary neuroblastoma can be classified
as localised (L1) or locally advanced (L2) and therefore,
surgically resectable or unresectable.’®

123]-meta-iodobenzylguanidine (mIBG) is a
norepinephrine (NE) analogue with specific uptake in
tumors derived from tissues of sympathetic nervous
system origin, which express the norepinephrine
transporter (NET).[7 It was introduced in clinical practice
in the mid-1980s. Initially labeled with *'I, labeling with
2] was soon introduced, with significant advantages in
terms of image quality and reduced radiation burden.
Unfortunately, '*I is cyclotron produced and not available
in several countries. Approximately 90% of neuroblastomas
express the NET and therefore are mIBG-avid, with
approximately 10% being mIBG nonavid.®

magnetic  resonance

Assessment of the primary tumor and its metastases with
1Z]-meta-iodobenzylguanidine  (**[I-mIBG) scintigraphy
at diagnosis and after induction chemotherapy is essential
to stage the disease.’”! Patients with distant metastatic
disease (stage M) fall in the high-risk category and
are treated with a multi-drug, often dose-intensive,
chemotherapy regimen.!

Clinically validated scoring methods to quantify the bulk
of skeletal metastatic disease have been introduced.['"'? As
neuroblastoma tends to metastasise predominantly within
the bone marrow and cortical bone, assessing the bulk of
skeletal metastatic disease with '*I-mIBG at diagnosis

and its response following chemotherapy has been shown
to have a prognostic value. A significant reduction of
mIBG-avid metastatic disease after induction chemotherapy
carries a better prognosis with both the European and the
American scoring methods.!'*!*

In the management of neuroblastoma patients '*I-mIBG
scintigraphy is used in the following clinical contexts: at
diagnosis to assess the tumor avidity for the tracer and to
stage the disease; after induction chemotherapy to assess
the response of the primary tumor and metastatic lesions;
in the case of suspected recurrence; and before molecular
radiotherapy with *'I-mIBG, to assess the number and the
avidity of the lesions.!'"

SPECT/CT is now considered an integral part of '*I-mIBG
scintigraphy: it minimises the number of equivocal
lesions, thus making imaging acquisition at 4 and 48 h
redundant;!'+1¢1 it significantly improves the accuracy
of anatomical localisation of the lesions, facilitating
correlation of SPECT with possible equivocal lesions on
recent MRI or contrast-enhanced diagnostic quality CT;
it identifies possible mIBG nonavid components of the
primary tumor and nonavid metastatic lesions demonstrated
on MRI; it allows monitoring of the avidity of the primary
neuroblastoma and metastatic lesions with SUV.!'

12]-meta-lodobenzylguanidine
Emission Computerized
Computerized Tomography:
Preparation and Acquisition Technique

Single-Photon
Tomography/
Patient’s

Thyroid blockade prior to tracer injection with either
potassium iodate, Lugol iodine solution or potassium
perchlorate is mandatory.l'"*!” Most of the drugs known to
interfere with mIBG uptake are seldom used in children.
However, some children with neuroblastoma can be
hypertensive (for example, due to renal artery stenosis caused
by extrinsic compression from the primary tumour), on some
anti-hypertensive drugs with possible interference with
mIBG uptake. Commonly used medications for asthma and
cough containing sympathomimetics can also interfere with
mIBG uptake. Poor tracer uptake in the salivary glands and
in the heart are typical features suggesting pharmacological
interference. An up-to-date list of drugs interfering with
mIBG uptake is presented in the recently published EANM
guidelines on molecular imaging in neuroblastoma.!4]

The administered activity is proportional to the patient’s
weight and ranges between 37 and 400 MBq.!'"Y Images are
acquired 20-24 h after '*I-mIBG injection. Images acquired
at 4-6 h and 48 h are no longer necessary. The collimator’s
choice is left to the nuclear medicine department. The use
of a medium-energy collimator has been recommended
both for planar and SPECT '®I images as more favorable
to reduce septal penetration with sodium-iodide detector
gamma cameras;'® however, some low energy general
purpose collimators can be perfectly adequate. Images can be
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acquired as a whole-body scan in the anterior and posterior
projections (5 cm/min scan speed) or spot views of the
different body segments (max 10 min for each spot view).!'¥
It is strongly advised to acquire skull views in the anterior/
posterior and right lateral/left lateral projections, to better
visualise the base of the skull, which not infrequently can
harbour metastatic lesions. In a child with a full bladder, a
delayed static view of the pelvis should be attempted once the
child has voided. Otherwise, the insertion of a bladder catheter
may be considered, especially in a child with presacral
primary neuroblastoma or metastatic lesions in the pelvis.

A SPECT acquisition protocol typically consists of
120 projections, in steps of 3 degrees each, in either continuous
or step-and-shoot mode, 25-35 s/step, with a 128 x 128
matrix. The field of view of the SPECT is confirmed after the
static planar images, and it is usually centred on the site of the
primary tumor (torso or the abdomen and pelvis).

The field of view of the CT scan should be set after
completion of the SPECT and does not need to include
the width of the SPECT acquisition. Several protocols for
low dose and ultra-low-dose CT acquisitions are available,
and the parameters may vary among different SPECT/
CT scanners. A possible low-dose CT acquisition may
include a voltage around 80-100 kVp and a tube current
of approximately 10-40 mAs, with a given radiation dose
within a range of 0.2-0.5 mSv.["”!

The [-mIBG scan with SPECT/CT is a lengthy study
lasting at least 90 min, and the highest image quality
is paramount. As neuroblastoma is much more frequent
in a patients’ population aged between 1 and 5 years,
compliance with the study, especially avoiding motion
artefacts, can be difficult. Therefore, the child is likely to
need some form of sedation or even general anesthesia if
pediatric anaesthetic support is available in the hospital.

The main pitfall of a SPECT/CT acquisition during a
Z1-mIBG scan is related to motion artefacts. In the case
of significant patient’s movement during the SPECT study
or between the SPECT and the CT, correction of possible
misregistration between the unenhanced CT and the SPECT
can be attempted with one of the commercially available
software programs using as landmarks the bladder, the
liver (where there is a normal distribution of 'ZI-mIBG),
the heart (if included in the SPECT field of view).

2]-meta-Iodobenzylguanidine Single-photon
Emission Computerised Tomography/
Computerized Tomography Scan at Diagnosis

The 'I-mIBG scintigraphy at diagnosis is essential to
assess the mIBG avidity of the primary tumor (8%—10%
of neuroblastomas are mIBG nonavid) and establish the
possible presence of distant metastases. The most frequent
metastatic sites for neuroblastoma are the skeleton (bone
marrow and cortical bone), followed by regional and

distant lymph nodes, and the liver. Brain metastases are
infrequent but possible.’”! Lung metastases are very rare.
Distant metastatic disease in a child older than 18 months
of age at diagnosis represents a high-risk factor, requiring
multi-drug dose-intensive induction chemotherapy.

The bulk of mIBG-avid skeletal metastatic disease
at  diagnosis  estimated with  validated scoring
systems (SIOPEN and Curie) has prognostic value: a
SIOPEN score <3 and a Curie score <2 carry a better
prognosis than a score >3 and 2, respectively.'*?!! mIBG
nonavid primary neuroblastoma has been shown to have
better survival than mIBG avid disease.®™ Strong '*I-mIBG
uptake in primary neuroblastic tumors, especially when
associated with high serum levels of neuron-specific
enolase, can be predictive of unfavourable histopathology
and shorter event-free survival.’?? mIBG avidity of the
primary tumor does not correlate with restricted diffusion
at diffusion-weighted MRI (DW-MRI).1>*!

Both the MRI scan of the primary neuroblastoma at
diagnosis and the '*I-mIBG scintigraphy with SPECT/
CT shows the cellular heterogeneity of the primary
tumor [Figure 1]. The introduction of SPECT/CT has
significantly improved the detection of mIBG-avid
lesionst'! clearly demonstrating lesions not visible or
faintly demonstrated on planar images [Figure 2].

Primary tumor masses are often made of viable tumor
nodules returning different signals on MRI, associated with
foci of necrosis, hemorrhage, and calcification.”* In this
context '“I-mIBG SPECT/CT often shows heterogeneous
mIBG avidity within the primary tumor mass: nodules of
viable tumor on MRI can exhibit a high, moderate, low or
absent mIBG avidity on SPECT/CT.¥ This is relevant when
molecular radiotherapy with B!I-mIBG is contemplated:
given the different degree of mIBG avidity (or no avidity
at all), the uptake of the therapeutic radiopharmaceutical
within the neuroblastoma lesions will be higher or lower, or
completely absent, with more or less or no response.! Initial
attempts at testing the avidity of the primary neuroblastoma
to different imaging biomarkers (in particular, '*I-mIBG
targeting NE analog re-uptake, and “Ga-DOTATATE
targeting somatostatin receptors) have shown that some
neuroblastoma cells show avidity for one tracer and not for
the other, and vice versa: this finding needs further evaluation
as it may have implications for molecular radiotherapy in
that two combined therapeutic radiopharmaceuticals (for
example, *'I-mIBG and 7 'u-DOTATATE) may potentially
yield a better response than one.!

B]-meta-lodobenzylguanidine Scan To Assess
Response To Induction Chemotherapy

1Z1-mIBG scintigraphy is very valuable for assessing the
primary neuroblastoma response and the regional or distant
metastases to induction chemotherapy. A great advantage of
mIBG is its lack of uptake in reactive hyperplastic bone
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Figure 1: (a-f) 8-month-old girl with large neuroblastoma in the abdomen and pelvis at diagnosis. (c-f) '*I-meta-iodobenzylguanidine scintigraphy with
single-photon emission computerized tomography/computerized tomography clearly shows the heterogeneous meta-iodobenzylguanidine uptake of the
primary tumor (blue arrows). (d) Expansile meta-iodobenzylguanidine nonavid lytic metastatic lesion in a left rib with a mildly avid small soft-tissue nodule
adjacent to it (orange arrow). (a and f) Enlarged left para-aortic and retrocaval meta-iodobenzylguanidine-avid lymph nodes (yellow arrows)

Figure 2: '#|-meta-iodobenzylguanidine scintigraphy with single-photon emission computerized tomography/computerized tomography in a 4-year-old girl
with relapsed neuroblastoma. The image shows a metastatic lesion at the base of skull, not identified on planar images, clearly visible with single-photon
emission computerized tomography/computerized tomography sequence

marrow, detecting residual or recurrent metastatic lesions
easier.””]

The bulk of residual mIBG avid skeletal metastatic disease
has been shown to be a prognostic indicator: a SIOPEN
score <3 in the skeleton (curie score <2) following
induction chemotherapy is associated with a better
prognosis.!321

Persistent '>’I-mIBG uptake with unchanged intensity
in primary neuroblastoma after induction chemotherapy
is likely to be associated with a poorer survival rate
compared to postchemotherapy primary neuroblastomas,
of a visible size on MRI, with no residual '*I-mIBG
uptake (Biassoni L, unpublished data). Residual
P[-mIBG avidity in the primary tumor does not
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correlate with restricted diffusion at DWI-MRI after
chemotherapy.?*!

Preoperative ZI-mIBG SPECT/CT scintigraphy
after induction chemotherapy can be performed with
contrast-enhanced diagnostic quality CT, especially
when using the latest 16 slices SPECT/CT scanners: this
protocol is highly efficient as it combines two diagnostic
quality scans in one sitting, often with one sedation/
general anaesthesia, but should be done only if it avoids
another diagnostic quality CT on a different session.?]
Administration of i.v. radiological contrast does not create a
problem to correct for photon attenuation from the SPECT
if the topogram for attenuation correction is done before the
radiotracer injection. The appropriate acquisition parameters
for a diagnostic quality CT can be utilised on the SPECT/
CT scanner. Radio-opaque radiological contrast (omnipaque
300) at a dose of 2 ml/kg (maximum 75 ml) and at a flow
rate of 1.8-2.5 ml/s is injected intravenously. The CT is
programmed with a current intensity varying between
80 mAs (chest) and 120-130 mAs (abdomen) and a voltage
of 110 kVp, with a pitch of 1.5 and a slice thickness
of 3 mm. The CT is usually acquired with contrast injected
in porto-venous phase, to allow proper visualisation of both
the arteries and veins in the primary neuroblastoma region,
thus allowing surgical planning. The blood vessels in the
region of the primary tumor have to be clearly visible
and their relationship with the primary tumor accurately
described in the report [Figure 3].

The SUV estimated on the SPECT/CT dataset can be
valuable to monitor changes in the mIBG avidity of the
primary tumor after chemotherapy®” [Figure 4].

Figure 3: (a-c)'?l-meta-iodobenzylguanidine single-photon emission
computerized tomography with contrast-enhanced diagnostic quality
computerized tomography after induction chemotherapy of a 4-year-old
boy with stage M neuroblastoma. The meta-iodobenzylguanidine-avid
primary tumor encases the right renal vessels (yellow arrow, b). Because
of this imaging defined risk factor surgery was postponed and further
chemotherapy was administered.

Strengths and Limitations of
123j-Meta-lodobenzylguanidine Scintigraphy

The main strength of the '»I-mIBG scan is its specificity.
There is no tracer uptake in reactive or inflammatory
tissue; in particular, no background uptake occurs in the
normal skeleton, where the vast majority of metastatic
lesions from neuroblastoma are located, making detection
of metastases much easier. '*I-mIBG has been extensively
and thoroughly tested and validated, and all the clinical
trials in neuroblastoma requiring molecular imaging to
assess the results are currently based on '*I-mIBG.

A significant limitation of the '*I-mIBG scintigraphy with
SPECT/CT is its complexity. Sedation/general anesthesia
are often necessary to keep the child still and acquire
high-quality images. The need to scan at 24 h after tracer
injection is inconvenient for the child and family, who
have to come to the hospital on 2 subsequent days. The
radiation dose from the 'ZI-mIBG component of the study
depends on the injected activity and the child’s age, and
is usually moderately high (4-7 mSv, depending on the
child’s age — the younger the child the higher the dose); the
low dose CT only adds a negligible dose (0.2-0.4 mSv) if
precautions are taken to not irradiate unnecessary parts of
the body and if low-dose CT protocols are used. Another
drawback of '*’I-mIBG comes from its being a gamma
camera SPECT tracer, with the related limited sensitivity
and spatial resolution in comparison to a PET tracer.
Furthermore, the need to administer a thyroid blocking
agent adds to the complexity of the examination. In
addition, 'I-mIBG is not available in several countries,
obliging them to use 'I-mIBG scan for diagnostic
purposes, which is highly unsatisfactory because of the
poor quality images with a high radiation burden. *F-FDG
PET is a better alternative.’”

Alternative Tracers in Neuroblastoma

Several PET tracers are being tested as possible alternatives
to '“I-mIBG or in mIBG negative neuroblastoma. The
recent EANM guidelines on molecular imaging in
neuroblastoma present an overview of the advantages and
disadvantages of the currently available PET tracers.!'*!

Conclusion

Neuroblastoma is a childhood malignancy with
heterogeneous histopathology and a highly varied natural
history. High-risk neuroblastoma is the most frequent
presentation and the overall survival is still only around
40%-50%,B" with a significant risk of serious side
effects and second malignancies due to treatment-related
toxicity.??! 12[-mIBG SPECT/CT is a highly specific and
sensitive thoroughly tested imaging biomarker and has
been the cornerstone of all existing neuroblastoma trials
requiring molecular imaging. The addition of SPECT/
CT has clearly shown the heterogeneity of the primary
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Figure 4: A 3-year-old boy with relapsed refractory neuroblastoma at different time points during follow-up. While no obvious change is visually identifiable
on '?|-meta-iodobenzylguanidine scintigraphy planar images, the evaluation of the standardized uptake value on the single-photon emission computerized
tomography/computerized tomography clearly shows a decreasing '*l-meta-iodobenzylguanidine avidity of the primary tumor during treatment

tumour, with areas of very different mIBG avidity within
it; besides, the presence of completely mIBG nonavid
metastatic lesions in mIBG avid primary neuroblastomas
has become apparent. This heterogeneous mIBG avidity
of neuroblastoma has consequences from a theranostic
perspective and could possibly explain, at least in part,
the overall disappointing results of *'I-mIBG molecular
radiotherapy in some neuroblastoma patients so far.

New PET tracers targeting different aspects of
neuroblastoma cell biology, which could allow a theranostic
approach with high energy radiopharmaceuticals for
effective molecular radiotherapy, even possibly in
combination, are needed.
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