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Twelve children with malignant disease in whom there was either a clinical, radiologie, or
histologie differential diagnosis including neuroblastoma were investigated using iodine-131

metaiodobenzylguanidine (MIBG) scanning. In six children in whom a final diagnosis of
neuroblastoma was substantiated, scans were positive; in five children with other
malignancies, scans were negative. In one child, clinically and radiologically tumor free
following excision on an abdominal neuroblastoma, scans were also negative. MIBG scanning
proved of value as a discriminant of malignant undifferentiated tumors in children, and in the
diagnosis and staging of neuroblastoma. During treatment, MIBG scans in two patients
correlated with contemporaneous computed tomographic scans and may allow noninvasive
monitoring of therapeutic response and completeness of surgical excision. Primary and
recurrent abdominal tumors, and visceral, osseous, and marrow deposits were demonstrated
using this technique.
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Eollowing the synthesis of metaiodobenzylguanidine
(MIBG) by Weiland in 1979 (7), the agent has shown
clinical usefulness in the localization of tumors related
to the adrenal medulla (2). Recent reports of MIBG
uptake by neuroblastoma tissue (3,4) prompted this
pilot study to assess the clinical usefulness of MIBG
scanning in the diagnosis and staging of neuroblastoma
and in the monitoring of response to treatment.

PATIENTS

Twelve children between the ages of 2 and 6 yr
presenting to our institution for evaluation of malignant
disease over a 6-mo period were studied. Children were
selected on the basis of a clinical, radiologie, or histo
logie differential diagnosis which included neuro
blastoma. In all patients the final diagnosis was
histologically confirmed.
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STAGING INVESTIGATIONS

In addition to MIBG scanning, five of six children in
whom neuroblastoma was confirmed were investigated
to stage their disease. One patient was investigated only
by computed tomographic (CT) scanning and
peripheral biopsy to confirm a Pepper's Syndrome.

After diagnostic ultrasound and urography, these in
vestigations included abdominal and/or cranial CT
scanning, chest radiography, radiologie skeletal survey,
and where this was negative, isotopie bone scan. Bone
marrow biopsy was performed in four children, and
biopsy of an intra-abdominal or metastatic site per
formed in three. Laparotomy for diagnosis debulking
or attempted resection was performed on at least one
occasion in five children. One child with incidental
tuberculosis underwent confirmatory cervical lymph
node biopsy.

On the basis of these investigations, three children
were classified as having Stage IV disease at diagnosis.
Cortical and marrow deposits were present in one pa
tient (Fig. 1), cervical lymph node disease in one (Figs.
2, 3), and one patient had Pepper's Syndrome.

One patient was diagnosed as Stage III disease (Fig.
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FIGURE 1
Composite MIBG scan in metastatic
neuroblastoma. Bladder activity is
outlined (curved arrow). Cortical de
posits in skull and left humÃ©rus(small
black arrows). Deposits in para-nasal
sinuses (large black arrow). Delinea
tion of entire vertebral column and
pelvis (large white arrows) which
were radiologically normal suggest
ing bone marrow uptake. Iliac crest
bone marrow biopsy in this patient
showed metastatic neuroblastoma
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FIGURE 2
Composite MIBG scan showing ex
tensive primary abdominal neu
roblastoma (large arrow), with left
sided cervical lymphadenopathy
(open arrow). Histology confirmed
metastatic neuroblastoma in deep
cervical lymph nodes. Bladder activ
ity is outlined (small arrow)
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FIGURE 3
MIBG scan at 48 hr with patient dem
onstrated in Figs. 2 and 7 following
laparotomy for biopsy and debulking
and chemotherapy. There is reduc
tion in intra-abdominal tumor (curved
arrow) with persistence of uptake in
nodal mÃ©tastases (small arrow).
Bladder activity is outlined (large ar
row)

4) and two patients as Stage II disease. Of these latter
children, one was clinically and radiologically disease-
free when scanned, and the MIBG scan was negative.
One child, following compliance failure, had regional
recurrence and developed mÃ©tastasesat the time scan
ning was performed (Fig. 5).

MATERIALS AND METHODS

Thyroid uptake was blocked with Lugol's iodine prior

to isotope injection. Anterior abdominal scans, in ad
dition to regional scans of areas of clinical interest, were

performed 24, 48, and where possible, 72 hr after
isotope injection.

A dose of 300-500 ^Ci ( 11-19 MBq) of commercially
available iodine-131 MIBG with a radioactive concen
tration of 0.5 mCi/ml was injected and scanning per
formed using a medium-energy, medium-resolution,
parallel hole collimator large field digital gamma cam
era*.Average counts/pixel were obtained using the com

puting facilities of the gamma camera over regions of
interest drawn around suspicious and background
areas.

Scans were reviewed to determine the relative uptake
of tumors and viscera with respect to pulmonary back-
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FIGURE 4
Composite MIBG scan showing pri
mary abdominal neuroblastoma.
Thyroid uptake (open arrow), bladder
uptake (small arrow), and primary ab
dominal lesion (large arrow)
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FIGURE 5
Composite 72-hr scans showing re
current left sided intraabdominal
neuroblastoma (straight arrow), de
posits in right orbit and skull (curved
arrows) mimicking free131!

ground activity. Where available, comparison was made
to contemporaneous CT imaging.

RESULTS

A negative scan is illustrated in Fig. 6. Scans were
positive in six children. Two of these children were
referred with an initial histologie diagnosis of "malig
nant small round cell tumors of indeterminant origin."

The final diagnosis of neuroblastoma was confirmed in
all of these patients. MIBG scan was negative following
surgical removal of an abdominal neuroblastoma in
one child. She was clinically and radiologically tumor
free when scanned. Scans were negative in five other
children. The final diagnosis in this latter group was
adrenocortical carcinoma, two children; retroperitoneal
sarcoma, one; lymphoma, one; and undifferentiated
leukemia, one.

Primary (Fig. 4) and recurrent (Fig. 5) abdominal
tumors were demonstrable. Scans before and during
treatment with chemotherapy in two patients showed a
response which correlated with contemporaneous CT
imaging (Figs. 2, 3, 7, 8). Bone marrow and cortical
mÃ©tastaseswere identified (Fig. 1).

Plots of counts/pixel relative to pulmonary back
ground activity suggested retention of the isotope in
neuroblastoma patients with maximal differentiation
between neuroblastoma and control population at 72

hr (Fig. 9). In no patient was normal adrenal tissue
demonstrated. Despite Lugol's iodine, some thyroid

entrapment was seen. When viewed in conjunction with
available clinical data, such uptake did not interfere
with scan assessment. In each patient with neuro
blastoma, MIBG scanning correlated with disease dis
tribution identified by other modalities within the areas
scanned. Biopsies of extra-abdominal regions of positiv-
ity in three children revealed metastatic neuroblastoma
in each case.

DISCUSSION

The role of MIBG in the localization of pheochro-
mocytoma is established (4), and its concentration in
the oncogenetically related neuroblastoma has been
recently reported (2,3). Such an isotopie tumor marker
has the potential to render invasive diagnostic studies
unnecessary, and complement conventional biochemic
and radiologie assessment.

Confusion may result from the histologie similarities
between a number of primitive tumors of childhood
that are characterized by small malignant round cells,
and from which neuroblastoma must be isolated. Re
cent techniques of estimation of neuron-specific enolase
have proved to be of value (5) and may complement
imaging with MIBG.

No false positives or negatives were encountered in
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FIGURE 6
Composite of 24- and 48-hr MIBG
scans in patient with final diagnosis
of lymphoma. Despite iodine prepa
ration thyroid uptake has occurred
(straight open arrow). Intense blad
der activity is seen (curved open ar
row) with rapidly diminishing uptake
over the liver (dark arrow). There is
nonvisualization of skeletal struc
tures
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FIGURE 7
CT scan contemporaneous with
MIBG scan of Fig. 2. Large intra-
abdominal neuroblastoma (straight
arrows) with secondary left hydro-
nephrosis (curved arrow)
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the study reported here. Larger series are required,
however, to allow a rational assessment of specificity.
Although we have been able to demonstrate visceral
and osseous mÃ©tastases,the resolution of this scanning
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FIGURE 9
Ratio of counts/pixel over regions of interest and pulmo
nary background of those with neuroblastoma and "con
trols." O = Neuroblastoma ; + = Controls

FIGURE 8
Abdominal CT scan contempora
neous with Fig. 3 showing same cut
as Fig. 5. Note reduction in tumor
bulk (straight arrows) and resolution
of left hydronephrosis (curved ar
rows)

technique is undetermined beyond the demonstration
of gross lesions. Subtraction techniques may improve
the resolution to allow detection of small tumor masses,
and are currently under our evaluation.

MIBG distribution correctly reflected the disease
stage in all patients. The possibility of false-negative
sitesâ€”themissed mÃ©tastasesâ€”ina positive scan cannot
be excluded with currently employed investigation
methods and the unknown resolution of MIBG
scanning techniques.

It would appear that retention of the isotope within
malignant tissue allows enhancement of positivity with
time, and accuracy is improved at 72 hr. Where a
positive scan has been demonstrated, the response to
therapy and the completeness of surgical excision may
be monitored by scans repeated at intervals. Our expe
rience suggests that MIBG scanning deserves further
assessment as an aid to the diagnosis and staging of
neuroblastoma.

FOOTNOTE
*Elscint,Inc.. Boston.MA(ElscintApex415).
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