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The successful application of [131l]metaiodobenzylguanidine (MIBG) in diagnosis and therapy

of pheochromocytoma has led to its use in other tumors which derive from the neural crest
and potentially concentrate this radiopharmaceutical as well. In the present series, [131I]MIBG

total-body scintigraphy was used for detection of neuroblastoma in 47 patients and 47 cases

of other neural crest tumors. The method was found to be as reliable in neuroblastoma
(sensitivity 95%, specificity 100%), as it is in pheochromocytoma. Although other neural crest
tumors may concentrate [131I]MIBG, this is not a consistent finding; however, it is useful to

investigate which tumors do, as this may provide an alternative treatment modality for some
patients. Although followup is still very short, preliminary results of therapeutic use of [131I]

MIBG in 21 patients indicate that this treatment modality may be effective in neuroblastoma
and malignant pheochromocytoma.
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I odine-131 metaiodobenzylguanidine ([Â°'I]MIBG)

has proven to be useful in the localization (7,2) and
therapy (3,4) of pheochromocytoma. More recently,
[i:'I]MIBG has been introduced for diagnostic purposes

(5).
As this radiopharmaceutical is concentrated in neu-

rosecretory storage granules of chromaffin cells (6), it
was to be expected that other tumors, which derive
from the neural crest and are capable of production
and storage of catecholamines, might also concentrate
['"IJMIBG. After case reports of ['"IJMIBG concentra

tion in neuroblastoma ( 7,8), series of 20 and ten pa
tients with this tumor have been reported (9,10). Tumor
concentrations of [I3II]MIBG in some of these patients

were found to be adequate for potential therapeutic use
of this agent.

In addition, cases of [u'I]MIBG-positive medullary

thyroid carcinoma (Â¡1,12),paraganglioma (13), and
carcinoid ( 14) have been reported, as well as therapeutic
use in a patient with a carcinoid of the stomach (75).
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We have further evaluated the diagnostic yield of
[131I]MIBGtotal-body scintigraphy in 47 patients with

neuroblastoma and 47 patients with other neural crest
tumors and have used [I3'I]MIBG for treatment in 21

patients.

PATIENTS AND METHODS

Forty-seven patients with histologically confirmed neuro
blastoma (24 F, 23 M) were examined. Forty-two were chil
dren with ages ranging 0-14 yr, the other patients were aged

17, 18, 22, 32, and 52 yr, respectively. Disease was docu
mented with plain radiographs, ultrasonography, computed
tomographic scans, bone scintigraphy. and/or bone marrow
aspirations. In all patients the urinary excretion of catechol
amines and catecholamine metabolites were determined as
previously described (16). Eight patients had residual or re
current abdominal tumor masses, 33 had mÃ©tastasesand six
were in complete remission. A total of 169 [I3'I]MIBG studies

have been performed in these patients.
Forty-seven patients with other neural crest tumors, con

firmed histologically, were examined, 20 females and 27
males, of whom six were children (60 studies). Nine of these
patients had pheochromocytoma (two malignant), eight med
ullary thyroid carcinoma (sporadic), 12 carcinoid, two a gan-
glioneuroma, one an unclassified neuroectodermal tumor of
the lung and two paraganglioma. lodine-131 MIBG scintig-

308 Hoefnagel, VoÃ»te,de Kraker et al The Journal of Nuclear Medicine



Neuroblastoma+39241Neuroblastoma
â€”066Total39847

TABLE I
Iodine-i 31 MIBG Total-Body Scintigraphy Results in

Neuroblastoma

Scintigram + Scintigram â€” Total

raphy was also done in six patients with melanoma, four with
oat cell carcinoma and three with neurofibromatosis.

Total-body scintigraphy was performed 24, 48, and 72 hr
after i.v. injection of 0.5 mCi [â€˜31I]MIBGin children (18.5
MBq) or 1 mCi [â€˜311]MIBGin adults (37 MBq). A potassium
iodide solution (containing 60 or 120 mg KI and 30 or 60 mg
free iodine, respectively) was administered orally for 5 days to
prevent â€˜@â€˜iconcentration in the thyroid. Multiple digital
images in a 256 x 256 matrix were made using a large field
of-view gamma camera fitted with a parallel hole, high-energy
collimator and connected with an on-line computer system,
acquiring counts over 10 mm.

At three to four different intervals after administration of
[â€˜3I]MIBG.concentrations at tumor sites were measured by
comparing counts in the tumor region, from which counts
from an adjacent background region were subtracted, to those
ofan @Istandard solution. Concentrations were expressed as
a percentage of the given dose and the effective half-life was
calculated (I 7). The myocardial uptake was recorded and
scored normal, diminished, or absent on 48-hr scintigrams.
Single photon emission tomography was performed after
tracer doses in four patients and with therapeutic amounts of
[â€˜3I]MIBGin 14patients,usinga dual head rotatinggamma
camera fitted with parallel hole, medium-energy collimators.
Selected upon the merits of dosimetry and the availability of
other treatment modalities 21 patients have received [â€˜@â€˜I]
MIBG therapy. Fifteen children and one adult with neuro
blastoma received multiple therapeutic doses of 41-200 mCi
(1.5-7.4 GBq), administered intravenously over 1-4 hr at 3-6
wk intervals initially. In only five of these patients the tumor
concentration exceeded 1.0% of the dose, in three patients
3.0%ofthedoseandin theotherpatientstheindicationfor
therapy was progressive or residual disease after all other
treatment modalities had been used. Five adults, one with
medullary thyroid carcinoma, two with malignant pheochro
mocytoma,and twowithcarcinoidreceived87-213mCi (3.2-
7.9 GBq) doses. Patients were admitted to hospital isolation
facilities for 4-5 days and used the iodide medication for 2
wk. In case of isolation of a young child one of the parents,
taking precautions as has been described (18), was involved
in caring for the child; the external radiation dose to these
parents was monitored continuously with a pocket dosimeter
and internal contamination was checked daily by counting a
urine sample in a gamma counter. The parent also used the
iodide solution ( 120 mg KI + 60 mg free I) for 5 days.

RESULTS

Diagnosis
In 47 patients with neuroblastoma 169 total-body

scintigrams using [3I]MIBG were made. The results
are listed in Table 1. In six patients who were in a
complete remission with negative catecholamine me
tabolites in urine the scintigram showed no pathological
concentration of [â€˜31I]MIBG (Fig. 1A). Iodine-l3 1
MIBG scintigraphy was positive in 39 of 41 patients
(95%) with histologically confirmed neuroblastoma.
Among these were six patients with negative urinary
excretion ofcatecholamine metabolites. Both false-neg

ative results occurred in adults, who also had a negative
urinalysis. The scintigram detected primary, residual,
or recurrent abdominal masses in 17 patients (Figs. lB
and 1C), skeletal metastases in 23 (Fig. lD), diffuse
bone marrow infiltration in six (Fig. lE), lymph node
metastases in 12 (Fig. iF), liver metastases in two, and
a soft-tissue metastasis in one patient. Tumor concen
trations of [â€˜31I]MIBGranged 0.05-10. 1% dose, the
calculated effective half-life 2.6-8.0 days.

Myocardial uptake of['311]MIBG was regarded to be
normal in the six patients who were in a complete
remission (Fig. 1A). However, in [â€˜3I]MIBG-positive
cases of neuroblastoma the myocardial concentration
was found to be normal in two, diminished in 27, and
absent in nine patients. Twenty-seven patients had mul
tiple examinations during the course oftheir disease: in
16 patients, whose condition improved by chemother
apy, myocardial concentration of [â€˜311]MIBGreap
peared in three, increased in 11, and showed no change
in two patients; however, in 11 patients with progression
of disease myocardial uptake disappeared in four, de
creased in six, and remained the same in one patient.
These changes in myocardial uptake were inversely
correlated with those in the levels of catecholamines
and catecholamine metabolites excreted in urine.

Single photon emission tomography demonstrated
residual disease behind the bladder in one patient,
which was missed on conventional scintigraphy, re
vealed more tumor localizations in three patients, led
to a better understanding ofthe location and the extent
of disease in eight patients, and added no new infor
mation in the remaining six patients (Fig. 2).

In the 47 patients with other neural crest tumors 68
[â€˜3I]MIBGscintigrams were made. Table 2 gives the
results in this group together with those in neuro
blastoma. Tumor concentration of [â€˜31I]MIBGwas
found in all nine cases of pheochromocytoma, in two
of eightpatientswith medullarythyroidcarcinoma,in
six of 12 patients with carcinoid, in two patients with a
ganglioneuroma, and in one patient with an unclassified
neuroectodermal tumor of the lung. All other studies
were false negative. Figure 3 shows multiple metastases
from malignant pheochromocytoma, Figure 4 liver me
tastases from a carcinoid of the stomach, and Figure 5
lymph node and liver metastases from medullary thy
roid carcinoma.
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FIGURE I
Iodine-i 31 MIBG scintigrams in
neuroblastoma,taken 2 days after ant
administration.A:Normaldistribution
of [131IJMIBGin the myocardium(H)
andliver(L)of a patientina complete
remission. B: Primary neuroblastoma
of the left adrenal gland (arrow). C:
Recurrent abdominal neuroblastoma
(arrow). D: Skeletal metastases in
the lower extremities. E: Diffuse
bone marrow infiltration. F: Multiple
abdominallymphnodemetastases
(arrow). ant
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Therapy
Twenty-one patients received 64 therapeutic doses of

[3IJMIBG. The indications for treatment, dosages,
intervals, results, and side effects are listed in Tables 3

and 4.
The first two patients with chemotherapy resistant

progressive neuroblastoma showed a marked regression
(50%) ofthe tumor mass with good palliation (relief of
pain). However, the initial response was followed by
rapid progression. In the third patient, [â€˜311]MIBGther
apy was combined with subsequent chemotherapy
(ARA-C): regression and palliation were achieved, but
after three cycles [â€˜31I]MIBGtherapy was discontinued
due to severe bone marrow toxicity. These patients
have died after 2, 4, and 4 mo, respectively.

In the other patients with neuroblastoma the follow

ing results were obtained: (a) a complete remission in
two patients, one of whom had a relapse in the bone
marrow after 3 mo; the other developed recurrent bone
metastases after 9 mo and is again being treated with
[â€˜311]MIBG;(b) partial remissions with a good palliative
effect (relief of pain) in five patients, i.e., a >50%
decrease in tumor volume in three and decrease of
scintigraphic and biochemical evidence of bone metas
tases in two patients; (c) no change in two patients; and
(d) in three patients, who are still on treatment, the
tumor response has not been evaluated yet; one patient
was lost to followup.

In these patients the following side effects were re
corded: bone marrow depression in three patients, two
had bone marrow involvement and the third pre-exis
tent bone marrow depression after autologous bone

S@â€¢@_@ Ib â€”

anterior

FIGURE 2
Anterior(A)andposterior(B)conven
tional scintigrams and transaxial sin
gle photon emissiontomograms(6
mmeff. slicethickness)of the abdo
men,takenafter3 days,showing
recurrent neuroblastoma localiza
tions (arrow) below and behind the
liver (L).
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DiagnosisTP@fl@JtFP@FNTotalNeuroblastoma396â€”247Pheochromocytoma9â€”â€”â€”9Medullary

thyroidcarc.2â€”â€”68Carcinoid6â€”â€”612Ganglioneuroma2â€”â€”â€”2Neuroectodermal1â€”â€”â€”1tumorParagangliomaâ€”â€”â€”22Neurofibromatosisâ€”â€”â€”33Oat

cellcarcinomaâ€”â€”â€”44Melanomaâ€”â€”â€”66Total596â€”2994.

Truepositive.t

Truenegative.*

Falsepositive.Â§

False negative.

TABLE 2
Iodine-i 31 MIBG Total-Body Scintigraphy Results in

NeuralCrestTumors

A B

FIGURE 4
Anteriorabdominalscintigram3 daysafter administration
of [131l]MIBG,showingconcentrationin liver metastases
from a carcinoid of the stomach (B), closely correlating
with the defects in colloiddepositionshown by the liver
scintigram (A).

side effects were recorded in these patients. Figure 6
demonstrates the therapeutic effect of [â€˜3I]MIBG on
multiple skeletal metastases in a 12-yr-old girl with
neuroblastoma.

In neuroblastoma patients the calculated radiation
dose to the tumor was greater than 30 Gy in seven (one
complete remission, five partial remissions, and one no
change), between 10 and 30 Gy in two (both partial
remissions) and lower than 10 Gy in three patients (one
complete remission, one partial remission, and one no
change). Continuous monitoring of the external radia
tion dose to parents participating in patient care during
isolation therapy showed cumulative doses of 30-125

mrem (0.3-1.25 mSv) per treatment dose. The calcu
lated dose equivalent from internal contamination
range was 0.03-2.4 mrem (0.3-24 @Sv).This was judged
acceptable.

DISCUSSION

The efficacy of['311]MIBG scintigraphy for detection
of pheochromocytoma has been well established. A

marrow transplantation; one patient had a mild leuco
penia (3. 1x l0@/l) and four patients developed transient
thrombocytopenia (40-l2Ox l0@/l); one patient, who
received the highest cumulative dose (40.7 GBq = 1,100
mCi) and previously underwent a unilateral adrenalec
tomy, developed adrenal insufficiency requiring substi
tution therapy.

Of the five patients treated for other neural crest
tumors, one patient with malignant pheochromocy
toma shows radiological evidence of regression of lung
metastases and the second pheochromocytoma patient
was relieved of bone pain; the patient with metastatic
medullary thyroid carcinoma shows no change; in one
patient with carcinoid liver metastases causing pain,
nausea, anorexia, and fever, disease progressed although
a good palliative effect had been obtained; the other
patient with chemotherapy resistant carcinoid liver and

bone metastases was completely relieved of pain. No

anterior posterior
FIGURE 3
48-hr scintigramsof the thorax showingmultiplepulmo
nary (P) and lymph node (Ln) metastases from malignant
pheochromocytoma of the left adrenal gland (1).
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A B

FIGURE 5
Anterior 48-hr scintigramsof a patient with inoperable
medullarythyroidcarcinoma,revealingintensetumorcon
centration of [â€˜31l]MIBGin lymph node metastases in the
neck (A), as well as in clinically unsuspected liver metas
tases(arrows,B).
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Patientno./
age(yr)DiagnosisSite/indication1

. M; 67Malignant pheochromocytomaLung + lymph
node/progres
sive3.7/4

x 7.4(2-6 m)PartialremissionNone2.

M;77Medullary thyr@dcarcinomaLymph node+
liver/progres
sive3.2No

changeNone3.

F;39CarcanoidUver/progressive7.7/7.9 (4wk)Good paHiatiOn.
â€”None4.

F;63CarcinoidLiver + bone/
progressive4.7/2

x 7.4(6wk)Good palliation,
nochangeNone5.

M; 57Malignant pheochromocytomaBone + lung/pro
gressive7.4PalliationNone

Resuft Side efects

TABLE 4
Patient Data, Indications, Doses and Resufts of [131l]Therapyin Other Neural Crest Tumors

Dose in GBq
(interval)

plete remissions with this technique routinely and re
peat scintigraphy every 6 mo thereafter or whenever
clinical symptoms or elevation of catecholamine me
tabolites in urine occur.

The use of [â€˜23I]MIBGfor this purpose has advan
tages in terms of imaging properties and radiation bur
den and is also more suitable for single photon emission
tomography. However, as the maximum tumor uptake
was usually found only after 48 hr and often the feasi
bility of [â€˜311]MIBGtherapy was to be evaluated, pro
longed imaging was indicated and therefore the longer
half-life of [â€˜31I]MIBGpreferred.

Consistent with the observation of rapid [â€˜3IIMIBG
clearance from the heart in pheochromocytoma (20),
an inverse relationship between myocardial and tumor
activities was found in neuroblastoma patients. In 18
patients, MIBG single photon emission tomography
was performed. Although the gamma camera used was
not specifically equipped for the â€˜@â€˜Ienergy peak, trans
axial reconstructions demonstrating the [â€˜3I]MIBGdis
tribution in depth could be obtained satisfactorily (21).
Three-dimensional display was found to be very helpful
in localizing disease, especially of tumor localizations
in the vicinity of the liver and the bladder.

The concentrations of [â€˜31I]MIBGand the relatively
long biologic half-life at tumor sites in comparison to
normal tissues makes therapy with this radiopharma
ceutical feasible. In analogy with the use of @â€˜Iin
thyroid cancer, [â€˜31IJMIBGtracer studies can reveal
which patients might benefit from this form of treat
ment. However, the calculation of the absorbed radia
tion dose suffers from many inaccuracies, caused by
the choice of region of interest and the method of
background subtraction, variations in geometry and
homogeneity of tracer uptake, and the assumption that
the biologic decay is monoexponential. More impor
tantly, although a tumor volume may be assessed by
other imaging modalities, such as CT scan, magnetic
resonance imaging, and ultrasonography, determina
tion of the actual mass of viable tumor tissue to be

B

recent survey of experience in 400 cases at the Univer
sity of Michigan (19) showed an overall sensitivity of
87.4% and a specificity of 98.9%.

The present study demonstrates that the same diag
nostic accuracy can be achieved in neuroblastoma. The
fact that the only two false-negative results occurred in
adults with no elevated urinary excretion of catechol
amine metabolites raises the question whether these
neuroblastomas are tumors of the sympathetic nervous
tissue. It is not possible to differentiate between neuro
blastomas of different nervous tissues on morphologic
criteria.

Microscopic residual disease was detected in eight
patients, demonstrating that for detection the adrener
gic activity of the tumor is more important than the
volume. Despite negative outcome of the urinalysis for
catecholamine metabolites, which so far has been re
garded to be the most sensitive indicator of active
neuroblastoma, [â€˜31I]MIBGscintigraphy revealed me
tastases, which were histologically confirmed, in six of
these patients. For follow-up we now regard [â€˜311]MIBG
scintigraphy to be the more sensitive parameter and
have started to confirm clinical and biochemical com

FIGURE 6
Posteriorviewscintigramsof abdomen/pelvis3 daysafter
the first (A) and third (B) [131l]MIBGtherapy dose (3.7 GBq)
in a 12-yr-oldgirlwithmultipleskeletalmetastasesfrom
neuroblastoma(arrows),demonstratinga good response
to treatment.

A
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treated creates the greatest error in the calculated radia
tion dose. Not surprisingly in this series the calculated
absorbed radiation dose and the tumor response ob
tamed were not closely correlated in every case. There
fore, the technique ofassessment ofthe absorbed radia
tion dose from treatment with unsealed sources requires
further development. Because of the aggressive nature
of widespreadneuroblastomain earlychildhoodthe
intervals chosen for therapy were relatively short (3-6
wk) in comparison to those reported for therapy of
pheochromocytoma in adults (4).

Mechanisms to increase the [â€˜311]MIBGtherapy ef
fectiveness, such as dose schedules, pharmacological
modulation of uptake and release of [â€˜311]MIBGin the
tumor cell and combination of therapies active in dif
ferent parts of the tumor cell cycle, need to be investi
gated. Apart from myelodepression in some patients
and the temporary inconvenience of isolation, [â€˜@â€˜IJ
MIBO therapy is well tolerated, even in very young
children. Involving parents in nursing their child during
isolation proved to have major advantages at essentially
no increased radiation risk.

Whereas [â€˜31I]MIBGtotal-body scintigraphy is ex
tremely reliable in the detection of pheochromocytoma
and neuroblastoma, positive [â€˜311]MIBGscintigrams are
not a consistent finding in other neural crest tumors.
However, as other treatment modalities are often inef
fective in these conditions, it is worthwhile to investigate
if tumors in this group concentrate [â€˜31I]MIBG,as this
may provide an alternative treatment modality with
meaningful palliation for some patients.

Iodine-13l MIBG has demonstrated its usefulness as
an agent for diagnosis, follow-up, and therapy of neuro
blastoma, as it is in pheochromocytoma. Other neural
crest tumors may occasionally concentrate [â€˜311]MIBG;
thereforefurther studiesarerequired to establishwhich
tumors do and by which mechanism.
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