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Abstract
Purpose 18F-Dopa positron emission tomography (PET)/CT
has proved a valuable tool for the assessment of neuroendo-
crine tumours. So far no data are available on 18F-dopa
utilization in neuroblastoma (NB). Our aim was to evaluate
the role of 18F-dopa PET/CT in NB and compare its
diagnostic value with that of 123I-metaiodobenzylguanidine
(MIBG) scintigraphy in patients affected by stage 3–4 NB.
Methods We prospectively evaluated 28 paired 123I-MIBG
and 18F-dopa PET/CT scans in 19 patients: 4 at the time of
the NB diagnosis and 15 when NB relapse was suspected.
For both imaging modalities we performed a scan-based
and a lesion-based analysis and calculated sensitivity,
specificity and accuracy. The standard of reference was
based on clinical, imaging and histological data.
Results NB localizations were confirmed in 17 of 19 patients.
18F-Dopa PET/CT and 123I-MIBG scintigraphy properly

detected disease in 16 (94%) and 11 (65%), respectively. On
scan-based analysis, 18F-dopa PET/CT showed a sensitivity
and accuracy of 95 and 96%, respectively, while 123I-MIBG
scanning showed a sensitivity and accuracy of 68 and 64%,
respectively (p<0.05). No significant difference in terms of
specificity was found. In 9 of 28 paired scans (32%) PET/CT
results influenced the patient management. We identified 156
NB localizations, 141 of which were correctly detected by
18F-dopa PET/CT and 88 by MIBG. On lesion-based analysis,
18F-dopa PET/CT showed a sensitivity and accuracy of 90%
whereas 123I-MIBG scintigraphy showed a sensitivity and
accuracy of 56 and 57%, respectively (p<0.001). No
significant difference in terms of specificity was found.
Conclusion In our NB population 18F-dopa PET/CT dis-
played higher overall accuracy than 123I-MIBG scintigraphy.
Consequently, we suggest 18F-dopa PET/CT as a new
opportunity for NB assessment.
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Introduction

Neuroblastoma (NB), an embryonic tumour of children that
is derived from the peripheral sympathetic nervous system
and is able to secrete catecholamines, is frequently
metastatic on diagnosis, with a long-term survival of less
than 40% [1].

Functional imaging plays an important role in the
assessment of this type of neoplasm, from the initial
diagnosis and staging to the evaluation of treatment
response and detection of recurrent disease.

123I-Metaiodobenzylguanidine (MIBG) has been recog-
nized as the radiopharmaceutical of choice in NB assess-
ment [2]. MIBG is a guanidine-like molecule similar to
norepinephrine and is taken up by tissues of sympathetic
medullary origin via the norepinephrine transporter. Once
inside the cell, the tracer is accumulated in storage granules
by the vesicular monoamine transporter (VMAT) types 1
and 2 [3]. The presence of these transporters is a
prerequisite for functional imaging by means of 123I-MIBG,
and their lack is the main cause of false-negative scans.
MIBG scintigraphy has been widely used for the past
25 years. However, this technique often requires adequate
correlation with radiological examinations, especially in
cases of doubtful uptake, and computed tomography (CT)
or magnetic resonance (MR) are the best options for
assessing disease extent at the primary tumour site [4].

In an effort to overcome this drawback, several pilot
studies have demonstrated that 18F-fluorodeoxyglucose
(FDG) positron emission tomography (PET)/CT in NB
can be used to detect primary/metastatic disease [5, 6] on
staging and to monitor the response to treatment in patients
with MIBG-negative tumours [7]. However, the implica-
tions of the information provided by 18F-FDG PET/CT in
disease staging and response evaluation have not yet been
shown. In this field, the overall higher sensitivity of 123I-
MIBG imaging in comparison with 18F-FDG, as reported
by recent papers [8, 9], supports the preferential use of 123I-
MIBG scans for surveillance imaging in patients not
receiving therapy and for response evaluation during
therapy for relapse.

A metabolic imaging method that has not been described
so far in NB is 18F-dopa PET/CT. 18F-3,4-dihydroxyphe-
nylalanine (dopa) is the radiolabelled form of dopa, a direct
precursor of dopamine and a precursor of catecholamines in
general. NB cells, like those of other neuroendocrine
tumours, retain the ability to accumulate and decarboxylate
amine precursors, including dopa. This molecule is actively
transported into cells through the transporter system of

large neutral amino acids (LAT1) and then converted into
dopamine by the enzyme amino acid decarboxylase
(AADC) [10]. Subsequently, dopamine is stored within
the intracellular vesicular storage system and converted into
norepinephrine and epinephrine [11].

Promising diagnostic results in neuroendocrine tumours
and pheochromocytomas have recently been reported for
this imaging method [12–15]. 18F-Dopa PET has been
shown to have greater diagnostic accuracy than 123I-MIBG
scintigraphy or other conventional imaging modalities,
including CT and MRI, in the study of catecholamine-
secreting tumours [12, 16].

The aim of our study was to evaluate the role of 18F-
dopa PET/CT in NB and compare its diagnostic value with
that of 123I-MIBG scintigraphy in patients affected by stage
3–4 NB.

Materials and methods

We prospectively evaluated a total of 28 paired 123I-MIBG
and 18F-dopa PET/CT scans in 19 consecutive patients with
stage 3 and 4 NB [2]. Four patients underwent our protocol
at the time of the first NB diagnosis and 15 when disease
relapse was suspected on routine clinical and conventional
radiological imaging during follow-up.

The Local Ethics Committee approved the study, and
informed consent was obtained for all patients. The main
characteristics of patients and tumours are summarized in
Table 1. All patients with suspected recurrence of disease
showed an MIBG-positive scan at the time of first NB
diagnosis. No patient aged less than 1 year was included in
our study.

Paired scans were obtained in fasting patients within
10 days of each other. Image acquisition was performed
according to standard procedures: 123I-MIBG scans were
acquired 24 h after injection of tracer with an administered
activity of 5.18 MBq/kg. Single proton emission computed
tomography (SPECT) images, acquired at intervals of 24 h
only, were available in 15 patients (Table 2).

The scan speed for whole-body imaging was 6 cm/min.
The dual-head gamma scintillation camera was equipped
with a low-energy high-resolution parallel-hole collimator.
For SPECT acquisitions the following parameters were
used: 64 projections, 128×128 matrix, 40s acquisition time
per projection. SPECT data were reconstructed by standard
filtered backprojection using a Butterworth filter.

Whole-body 18F-dopa PET/CT was carried out 60 min
after the injection of 210–370 MBq of tracer (4 MBq/kg) on
an integrated PET/CT system (Discovery LS or STE, GE
Medical Systems, Milwaukee, WI, USA). Whole-body 18F-
dopa PET acquisitions included six to ten bed positions (4-
min emissions per bed position) and were reconstructed by
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using an iterative reconstruction algorithm. No carbidopa
premedication was utilized for any PET/CT scans. 18F-
Dopa (IASOdopa®) was produced as previously described
[17]. Non-diagnostic CT scanning (low-dose CT with
120 kV, 80 mA, 0.6 s per rotation ) was used for attenuation
correction and for anatomical localization of the hot spots
of the 18F-dopa PET study.

Although semi-quantitative scoring systems for NB have
been described (body division into seven or nine sections) in
order to evaluate disease extent [18], a simplified version of
disease quantification was used in our study [9]. The
effectiveness of 123I-MIBG and 18F-dopa PET/CT in detect-
ing NBwas assessed by reviewing the uptake patterns for each
radiopharmaceutical in the following locations: primary and
residual tumour, local and regional soft tissue recurrence/
metastases, and bone and bonemarrowmetastases. The paired
123I-MIBG and 18F-dopa PET/CT for each patient were
reviewed in order to determine the differences in number and
distribution of disease sites in these three main locations.

When more than one paired scan per patient was
performed, it was acquired at a different time as a consequence
of different clinical indications. In all of these patients,
between the first and the following scans, proper treatment
(surgery and/or chemotherapy) was performed (Table 3).

18F-Dopa PET/CT and 123I-MIBG scan images were
interpreted after a consensus reading by two nuclear
medicine physicians in each institute who were aware of
the patient’s clinical history but blinded to any results of the
anatomical imaging modalities (MR/CT).

Scan results were compared and the sensitivity, speci-
ficity and diagnostic accuracy of both imaging modalities
were assessed by means of scan-based and lesion-based
analysis.

Standard of reference

The standard of reference for primary/residual tumour and
locoregional soft tissue recurrence/metastases was based on
histopathology and/or diagnostic contrast-enhanced CTand /or
MR findings.

The gold standards for bone and bone marrow metasta-
ses were bone marrow biopsy (BMB) and/or MR when
available. The standard of reference for each scan and for
each patient is shown in Table 2.

At least 4 months of clinical and imaging follow-up data
were available for all patients.

Statistical analysis

Owing to the nature of the study (pilot study) no specific
sample size was calculated: the number of 19 patients
recruited was determined only by practical considerations,
given the low prevalence of the disease. T
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Categorical data are reported as the number (percentage)
of subjects/lesions, and continuous data as mean, standard
deviation, median and range.

The two diagnostic techniques were compared in terms of
sensitivity, specificity and accuracy by using histopathology,
clinical and imaging follow-up as the gold standards. The chi-
square and Fisher’s exact tests were used to compare
categorical data and to test the difference in sensitivity and
specificity between the two diagnostic methods.

Statistical significance was set at a two-tailed p value <0.05.
All analyses were performed by means of SPSS software
(version 13, SPSS Inc., Chicago, IL, USA) and Stata software
(version 11, StataCorp, College Station, TX, USA).

Results

Our final multidisciplinary diagnosis confirmed primary
tumour/recurrence/metastasis of NB in 17 of 19 patients.
18F-Dopa PET/CT correctly identified NB localizations in
16 (94%) of these patients, whereas 123I-MIBG scintigra-
phy did so in 11 patients (65%).

Both disease-free patients who had been classified as
positive on 123I-MIBG scintigraphy were correctly re-
evaluated as negative by 18F-dopa PET/CT analysis.

Of 17 patients, 11 (65%) were properly classified as
positive for NB localization by both 123I-MIBG scintigra-
phy and 18F-dopa PET/CT analysis. An example of 123I-
MIBG scintigraphy and 18F-dopa PET/CT agreement is
shown in Fig. 1.

Scan-based analysis

On scan-based analysis, 18F-dopa PET/CT showed a
sensitivity and accuracy of 95 and 96%, respectively,
values which were significantly higher than those of 123I-
MIBG scanning (sensitivity and accuracy 68 and 64%, p=
0.046 and p=0.01, respectively). No significant difference
in terms of specificity was found between the two imaging
modalities (p=0.2). The specificity of 18F-dopa PET/CT
approached 100%. In 9 of 28 paired scans (32%) and in 6
of 19 patients (32%), PET/CT results influenced the patient
management and/or the therapeutic strategy that had been
adopted on the basis of all available data including the
initial MIBG report (Table 4, Fig. 2).

The scan-based sensitivity in detecting NB was depen-
dent on the anatomical localization (Table 5). In this
analysis, 18F-dopa PET/CT seemed to be slightly more
sensitive, albeit without reaching statistical significance,
than 123I-MIBG scintigraphy in detecting primary/residual
tumour (66 vs 33%, p=0.2) and locoregional soft tissue
recurrence/metastases (82 vs 47%, p=0.07), but not in the
case of bone marrow/bone recurrence (100 vs 90%).

Lesion-based analysis

In all, we identified 156 NB lesions in 28 paired 123I-MIBG
and 18F-dopa PET/CT scans, 141 (90%) of which were
properly detected by 18F-dopa PET/CT and 88 (56%) by
123I-MIBG scintigraphy. All but one MIBG-positive NB
lesion had 18F-dopa uptake, showing similar pathological
tracer distribution (Fig. 3), while in 53 dopa-positive NB
lesions, MIBG proved negative.

In 14 of 19 patients (73%) and in 18 of 28 paired scans
(64%), 18F-dopa PET/CT detected more metastatic sites
than 123I-MIBG scintigraphy.

On lesion-based analysis, 18F-dopa PET/CT displayed a
sensitivity and accuracy of 90%; these values were
significantly higher (p<0.001) than those found for 123I-
MIBG scintigraphy (sensitivity and accuracy of 56 and
57%, respectively). No significant difference in terms of
specificity was found between the two imaging modalities
(18F-dopa PET/CT 75%; 123I-MIBG scintigraphy 62%).

However, a difference in terms of regional sensitivity of
the different techniques was found; this is shown in Table 5.
18F-Dopa PET/CT displayed a higher sensitivity than 123I-
MIBG scintigraphy in detecting bone marrow/bone recur-
rence/metastases (96 vs 71%, p<0.001) and local and
regional soft tissue recurrence/metastases (84 vs 31%, p<
0.001), whereas in the assessment of primary/residual
tumour sensitivity the difference did not reach statistical
significance (66 vs 33%, p=0.2) (Fig. 4).

The higher discrepancy between 18F-dopa PET/CT and
123I-MIBG scintigraphy was observed in the detection of
soft tissue recurrence/metastases; in particular 24 dopa-
positive lesions were negative at 123I-MIBG scanning. The
diameter of all soft tissue recurrence/metastases ranged
from 8 to 78 mm (median 18 mm). The size of 19 of 31
MIBG-negative soft tissue recurrence/metastases was less
than 1.5 cm (Table 6).

Discussion

123I-MIBG scintigraphy is a powerful tool for diagnosing
and staging NB, and it is also an efficacious means of
evaluating treatment response and conducting long-term
post-therapy surveillance for the early detection of recur-
rence [19, 20]. However, a great variability in tumour tracer
uptake has been observed, and the reasons for false-
negative results have not been entirely elucidated. 123I-
MIBG uptake may depend on several variables: (1)
modifications of the active trapping mechanism due to the
differentiation and maturation of tumour cells [21, 22], (2)
levels of urinary catecholamine metabolites [23], (3)
prevalent necrotic phenomena of the primary NB tumour,
(4) pharmacological interference [24, 25] and (5) low dose
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of 123I-MIBG injected [26]. A further issue concerns the
correct interpretation and recognition of the normal distri-
bution pattern of 123I-MIBG in children [27] often
conditioned both by the low quality of 123I-MIBG
scintigraphy in children and by the difficult abdominal
anatomy that is often present during the staging and
restaging of NB. SPECT is used as a “keystone” to
overcome these diagnostic limits. However, in the era of
CT and MRI, a more suitable tool might increase sensitivity
and provide more precise anatomical localization of the
disease, especially after coregistration with radiological
imaging modalities.

Considering the high quality of the images provided by
18F-FDG PET/CT, the availability of high-technology tools,
including coregistration with CT, and the theoretically high
affinity of the tracer for NB tumours, this imaging modality
might be successfully introduced in NB assessment.

In this regard, several pilot studies have demonstrated
that 18F-FDG PET/CT can be used in NB to detect primary/
metastatic disease [5, 6] on staging and to monitor
treatment response, which is especially useful in patients
with 123I-MIBG-negative tumours [7]. Moreover, 18F-FDG
PET was proved to be more sensitive and specific for the
detection of NB lesions when discrepant/inconclusive
findings are found on MIBG scanning/SPECT [28].
However, the principal drawback of 18F-FDG PET/CT is
its low accuracy, during staging and restaging, in detecting
NB localization in bone and bone marrow, which are the
most frequent sites of disease progression [5, 8]. This
limitation means that 123I-MIBG scintigraphy is still the
best diagnostic option in stage 3 and 4 NB [9].

18F-Dopa, a well-known catecholamine precursor, is an
excellent PET/CT tracer for the detection of benign and
malignant pheochromocytoma in cases of either primary or

Fig. 1 Liver metastasis from
NB (patient 3, scan 3) detected
by whole-body 123I-MIBG
scintigraphy (a), confirmed by
18F-dopa PET/CT (maximum
intensity projection, MIP) (b)
and histopathology (c). The
large liver metastasis was
characterized by necrosis inside
(red arrows b1, c) and viable
tumour outside (yellow
arrows b1, c)
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metastatic disease and displays greater sensitivity than 123I-
MIBG [12, 15, 16]. We prospectively investigated the role
of 18F-dopa PET/CT in 18 patients with advanced-stage NB
and compared our data with those yielded by 123I-MIBG
scans acquired within 10 days. We used this powerful PET
tracer in order to evaluate the possibility of overcoming
several of the diagnostic limitations of 123I-MIBG and 18F-
FDG PET/CT scans.

First, we found that primary/residual, recurrent/metastatic
soft tissue NB and bone/bone marrow NB metastases were
characterized by a specific 18F-dopa uptake and that the
pathological distribution of this PET tracer was similar to
that of 123I-MIBG. Indeed, 11 of 17 patients (65%) positive

for NB localization were properly classified by both
techniques, thus confirming a relatively good agreement
between 18F-dopa PET/CT and 123I-MIBG scans, and all but
one MIBG-positive NB lesion showed 18F-dopa uptake. This
finding confirms the high affinity of dopa for NB cells.

Second, in our population we have found that both on
scan-based analysis and on lesion-based analysis 18F-dopa
PET/CT was more accurate than 123I-MIBG in staging and
restaging advanced NB. However, no significant difference
in terms of specificity was found. Since this was a pilot
study (i.e. small sample size), in most cases statistical
significance was not reached because of the low statistical
power of the test employed.

Fig. 2 Cervical lymph node
metastasis from NB (patient 7,
scan 7) not detected by whole-
body 123I-MIBG scintigraphy +
planar lateral acquisitions (a, a1)
but discovered by 18F-dopa
PET/CT (MIP) (b); transverse
PET/CT image (b1). This
metastasis was histologically
confirmed after surgery

Table 5 Sensitivity of 18F-dopa
PET/CT and 123I-MIBG scintig-
raphy at different locations
considering scan-based analysis
and lesion-based analysis.
Standard of reference was
based on CT,MRI, histopathology
and clinical follow-up

18F-Dopa PET/CT 123I-MIBG scintigraphy p value

Locations (scan-based analysis)

Primary/residual tumour 8/12 (66%) 4/12 (33%) 0.2

Soft tissue recurrence/metastases 14/17 (82%) 8/17 (47%) 0.07

Bone/bone marrow 10/10 (100%) 9/10 (90%) 1

Locations (lesion-based analysis)

Primary/residual tumour 8/12 (66%) 4/12 (33%) 0.2

Soft tissue recurrence/metastases 38/45 (84%) 14/45 (31%) <0.001

Bone/bone marrow 95/99 (96%) 70/99 (71%) <0.001
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Fig. 4 Second liver relapse (arrows) from NB (patient 3, scan 22)
detected by whole-body 123I-MIBG scintigraphy (a) and 18F-dopa
PET/CT (MIP) (b). 18F-Dopa PET/CT (MIP) and transverse PET/CT

(b, b2, b3) revealed lung, liver, peritoneal and soft tissue metastases
(arrows) that were undetected by whole-body 123I-MIBG scintigraphy

Fig. 3 Bone and bone marrow
metastases from NB (patient 1,
scan 1) detected by whole-body
123I-MIBG scintigraphy (a)
and 18F-dopa PET/CT (MIP)
(b). Transverse PET/CT (b1)
was able to distinguish bone
from bone marrow localizations,
showing high dopa uptake
corresponding to lytic bone
metastasis on CT
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With regard to the uptake pattern in different anatomical
regions, no significant difference in terms of sensitivity was
found between 18F-dopa PET/CT and 123I-MIBG scanning
when primary/residual tumour was considered. The princi-
pal explanations for this finding are related to the low
number of primary/residual lesions in our cohort (12
lesions), involving only 4 patients at first NB diagnosis
(patients 8, 9, 10 and 15), and to the presence of 3 patients
with no MIBG- and dopa-avid primary/residual tumour
(patients 9, 10 and 11). On the other hand, we confirmed
the higher sensitivity of 18F-dopa PET/CT vs 123I-MIBG,
especially in cases of soft tissue recurrence/metastases
(scan-based analysis 82 vs 47%, p=0.07; lesion-based
analysis 84 vs 31%, p<0.001). In this field we have to
underline that tumour relapse was characterized by small
dimension, with 50% of NB lesions being less than 18 mm.
This finding may explain the low sensitivity of 123I-MIBG
scanning in our patients, even if it was associated with
SPECT. In this setting, SPECTwas performed in all but one
patient (patient 7, Fig. 2) with no MIBG-avid soft tissue
recurrence/metastases. In this patient, with lymph node
recurrence close to physiological uptake of the right
submandibular gland, SPECT imaging might have theoreti-
cally improved the sensitivity of MIBG scanning; however,
the dopa uptake detected by PET/CT was well defined and
easy to classify as lymph node relapse.

While confirming the high sensitivity of 123I-MIBG in
cases of bone/bone marrow NB infiltration (scan-based
analysis 90%, lesion-based analysis 71%), we ascertained
the high dopa avidity of NB bone/bone marrow metastases
(100% sensitivity on scan-based analysis and 96% on lesion-
based analysis). Moreover, no false-positive dopa bone
marrow uptake was observed after chemotherapy as described
for FDG. Thus, the principal diagnostic limitation of 18F-
FDG PET/CT, namely its low accuracy in bone marrow NB
assessment, could be overcome by using 18F-dopa PET/CT.

The uptake mechanism of dopa and MIBG for both soft
tissue and bone/bone marrow metastases seems to be very
similar. All but one MIBG-positive metastases (88 lesions)
were well detected by 18F-dopa PET/CT, thus confirming a
common catecholamine pathway.

Third, the overall high accuracy of 18F-dopa PET/CT
influenced patient management and treatment decisions, in

comparison with all available data and the initial MIBG
report, in 6 of 19 patients (32%) and in 9 of 28 paired scans
(32%). 18F-Dopa PET/CT recognized as false-positive
results one case of abdominal 123I-MIBG uptake at a site
of previous surgical resection (scans 5 and 20) and one case
of unspecific uptake in the liver (scan 16), thus confirming
remission of disease (Tables 2 and 4). In addition, it
revealed NB recurrence/metastases that were deemed
negative on 123I-MIBG scanning, suggesting the need for
further therapy (Tables 2 and 4, scans 6, 7, 11, 17 and 24).
Finally, it detected one spine metastasis that was undetected
by 123I-MIBG scintigraphy, thus changing the stage from 3
to 4 (scan 8). These data suggest that 18F-dopa PET/CT in
patients with stage 3 and 4 NB is likely to influence patient
management. However, in our patients, therapy modifica-
tion was not based only on the 18F-dopa PET/CT result, but
also on the entire diagnostic workup, including clinical and
conventional imaging findings (CT, MRI, MIBG scanning).

Consequently, we suggest 18F-dopa PET/CT as a new
diagnostic opportunity for NB assessment.

This “new” tool might be applied: (1) in initial staging,
thus providing important information on disease extension,
(2) in cases of suspected relapse, (3) in the evaluation of
disease response after chemotherapy and probably, as the
best indication, (4) to clarify doubtful MIBG results. The
high sensitivity of 18F-dopa PET/CT may also offer a
further possibility to verify the status of complete remission
after therapy to detect any minimal residual disease, which
often leads to tumour recurrence [29].

Limitations

We feel that the results of the present study are
encouraging. Nevertheless, some limitations should be
borne in mind.

First, histological examinations of primary/residual
tumour, soft tissue recurrence/metastases and bone/bone
marrow NB metastases were not performed in all patients.
However, we obtained histological confirmation of prima-
ry/residual tumour and soft tissue recurrence/metastases in
8 of 19 patients (8 of 12 NB-positive patients with primary/
residual tumour and/or soft tissue recurrence/metastases)
and BMB in 17 of 19 patients.

Table 6 False-negative findings
on 123I-MIBG scintigraphy and
18F-dopa PET/CT in relation
to NB lesion dimensions. Stan-
dard of reference was based
on CT, MRI, histopathology
and clinical follow-up

Dimension of soft tissue recurrence/metastases 123I-MIBG scan 18F-Dopa PET/CT

Positive Negative Positive Negative

<1.5 cm 0 19 17 2

>1.5 cm and <3 cm 12 11 19 4

>3 cm 2 1 2 1

Total 14 31 38 7
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Second, without local histological confirmation, we
cannot exclude the possibility that a positive result yielded
by dopa on bone marrow, in the presence of a negative
MIBG result at the same location, may be a false-positive.
In order to overcome this limitation, focal 18F-dopa bone
marrow uptake was regarded a priori as positive for NB
localization if BMB was positive, with MRI confirmation
when available (Fig. 5). In this setting, our study lacks a
real independent tool to correctly evaluate the extent and
the number of bone and bone marrow lesions; consequently,
we cannot exclude that our interpretation of bone marrow
involvement was exceedingly “PET based”. However, for
ethical and practical reasons a bioptic or MRI evaluation on
each bone/bone marrow lesion was not deemed appropriate.

Third, the difference in terms of accuracy between 123I-
MIBG scintigraphy and 18F-dopa PET/CT depends on the
relatively low sensitivity of 123I-MIBG scanning found in
our study (68% in scan-based analysis and 56% in lesion-

based analysis), which proved markedly lower than that
reported by other recent studies [30, 31]. Our low
sensitivity values are probably due to the features of the
study population encompassing 19 consecutive patients,
probably not representing the general population of patients
with NB. In fact, our study includes two adults, one of
whom had ten MIBG-negative NB lesions, and three NB at
the time of first diagnosis (patients 8, 9 and 10) with
primary lesions not showing any MIBG uptake. In this
regard, in this study there is no single patient aged less than
1 year, while infants represent the group with the highest
incidence rate of NB.

Another possible explanation for low 123I-MIBG scan
sensitivity is probably related to the fact that most patients
(15 of 19) underwent our diagnostic protocol for suspected
relapse. In fact, our study is not comparable with previous
literature studies [30, 31], where the study population
mostly encompassed patients at the time of first diagnosis.

Fig. 5 Bone marrow recurren-
ces from NB (patient 13, scan
13) detected by whole-body
123I-MIBG scintigraphy (a) and
18F-dopa PET/CT (b). This
metastasis was confirmed by
MRI (c)
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Indeed, the detection rate of NB relapse by 123I-MIBG was
lower than that reported for the diagnosis of primary NB,
ranging from 70 to 90% [32–34]. Moreover, difficulties
assessing NB lesions at follow-up have been discussed. On
the one hand, MIBG-positive lesions at the time of first
diagnosis, which proved negative on 123I-MIBG scintigra-
phy at relapse, have been reported [35–37]. This finding
may be due to tumour cells which survive chemotherapy
and fail to accumulate 123I-MIBG [38] or to loss of
differentiation at the time of recurrence with consequently
low rate of MIBG-avid scans reported by recent papers
[28]. On the other hand, positive MIBG scanning at the
time of NB relapse may be negative at first diagnosis [39].

Another key point required to fully understand the low
sensitivity of 123I-MIBG scanning could be the lack of
SPECT data in 4 of 19 patients as reported in Tables 2 and 3.
Although SPECT was not performed in these four patients,
the whole-body scan of patients 1, 2 and 3 showed no
doubtful findings needing a SPECT protocol (Figs. 1 and 3).
Patients 1 and 2 had clear and diffuse bone/bone marrow
involvement and patient 3 was affected by a big liver
metastasis characterized by MIBG uptake. MIBG SPECT, as
reported by Matthay et al. [40], should be performed in cases
in which uncertainty exists.

In our scans SPECT acquisitions encompassed the same
field of view as PET/CTwhen a different number of soft tissue
NB lesions were detected by 18F-dopa PET/CT and 123I-
MIBG scanning. Of course, the availability of a SPECT/CT
system might have increased the sensitivity of 123I-MIBG
scanning. In other words, the lack of adequate anatomical
CT correlation could have influenced the false-negative 123I-
MIBG scan and SPECT interpretation. Thus, we suggest
performing 123I-MIBG SPECT/CT whenever the technique
is available and when the children are able to cooperate.

Fourth, although no significant difference in terms of
specificity was found, a real assessment of the specificity of
18F-dopa PET/CT and 123I-MIBG scanning in this popula-
tion remains difficult. In fact, the number of true-negative
NB lesions was low due to the high prevalence of viable
disease in our population.

Finally, the number of patients in our study was limited;
however: as this was a pilot study conducted on a selected
population, this limitation does not seem to be very great.

Conclusion

We found that primary/residual, recurrent/metastatic soft
tissue NB and bone/bone marrow NB metastases were all
characterized by a specific 18F-dopa uptake. The patholog-
ical distribution of this PET tracer was similar to that of
123I-MIBG. 18F-Dopa PET/CT displayed high overall
diagnostic accuracy in stage 3–4 NB which was comparable
to 123I-MIBG scintigraphy results, providing outstanding

information on disease extension. Consequently, we pro-
pose 18F-dopa PET/CT as a new opportunity for NB
assessment. Further confirmation on a larger sample
population is however required.

Conflicts of interest None.
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