
edullary carcinoma of the thyroid (MCT) is an
uncommon tumor that accounts for 2% to 9% of all
thyroid malignancies. It is derived from neuroectoderm
and may occur as a solitary tumor, or as part of the
multiple endocrine neoplasia syndrome. Reports have
demonstrated significant uptake of iodine-131 metaio
dobenzylguanidine ([â€˜3'I)MIBG)in other neuroectoder
mally derived tumors, pheochromocytoma (1), neuro
blastoma (2,3), and carcinoid tumors (4), and recently
uptake of['31IIMIBG has been demonstrated in patients
with MCT (5-10). Uptake, however, has been shown
to be variable, and we report our experience of imaging
and therapy in patients with MCT using [â€˜3'I]MIBG.

PATIENTS

Nine patients were studied, one prior to surgery @rithpri
mary tumor Situated in the thyroid. The eight remaining
patients had biochemical evidence of recurrence following
surgical treatment for their primary tumor. Of the nine pa
tients, six were femaleand three male, age range 24 to 74 yr
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(mean 48 yr). Two patients had familial disease,while the
remainingsevenpatientsweresporadiccasesof MCT.

Six of the nine patients studied were symptomatic, with
bone pain and diarrhea. One further patient had symptoms
of bone pain alone. One patient imagedprior to surgeryfor
the primary tumor complainedof discomfortin the thyroid,
and two patients were asymptomatic despite biochemical cvi
denceof recurrence.

MErHOD

The patientswereimagedwith 1mCi(37MBq)[â€˜31IJMIBG
injectedintravenously.Whole-bodyscanswereacquiredat 24
and 48 hr after injection.Scintigramswere obtained using a
large field-of-view gamma camera with a 20% window at 364
keV and a medium-energy,parallel hole collimator. Scans
werealso obtained 5 and 7 days followingtherapy injections
of 100mCi(3,700MBq)and then 150mCi(5,500MBq)[â€˜@â€˜I]
MIBO in two patients. All patients receivedLugol's iodine,
ten drops daily for 24 hr preceeding and 7 days following
scanning, to prevent uptake of free â€˜@â€˜Iby residual normal
thyroid tissue.Duringdiagnosticscanning,three patientshad
blood samples taken at times 0, 5 mm, and 1, 2, 3, 4, 24, 48,
and 72 hr postinjection,and urine sampleshourly postinjec
tion, to study the pharmacokineticsof [â€˜3'I]MIBGin this
group. Estimations of serum calcium, phosphate, alkaline
phosphatase, aspartate transaminase and calcitonin were mon
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We reportourexperienceusing[â€˜31ljmetaiodobenzylguanidine(MIBG)to imageninepatients
with provenmedullarycarcinomaof the thyr@d(MCT).Positiveuptakewas seenin four
patients, equivocal uptake in one patient, and no uptake in four patients. Data is presented to
demonstrate the pharmacokinetics of [1311]MIBGin three of the patients studied. Two
patients,with diarrheaandseverepainfrom knownbonemetastasesandpositiveuptakeon
[â€˜31IJMIBGdiegnosticscanning,subsequentiyrecalvedtherapeuticdosesof [131l]MIBG,wfth
markedimprovementin bothpainanddiarrhea,but no evidenceof significantbiochemical
response.lodine-131MIBGuptakein patientswith MCTis variable,andgivesa higherfalse
negative rate than is found when using [â€˜31l]MIBGto image other neuroectodermalty derived
tumors.Thetherapeuticpotentialof [131l]MIBGin patientswith MCTwarrantsfurther
evaluation, in view of the symptomatic relief experienced following therapy doses in two
patients with extensive disease.

J Nuci Med 28:1820-1825, 1987



CalcftomnPatient
pg/mI

no. n = <100[â€˜@â€œTcJMDPBonescanCAT scan[â€œIJMIBGscanAssessment[131IJMIBGAx1

1,096â€”â€”+TPNP2
6,100+++TP+3
8,970+++TP+4
995â€”â€”â€”TN@NP5
2,200+++iFNP6
1,200â€”+â€”FNNP7
5,310+++/â€”E*NP8
3,540++â€”FN'NP9

2,400â€”+â€”FNNP.

iF = Truepositive.t

TN = Truenegative.S

E =Equivocal.I

NP = Notperformed.I

FN = False negative.

TABLE I
Results of @TcBone Scan, CAT Scanning, and [131l]MIBG Scanning in Patients Studied

itored weekly after treatment to assess the effects of therapy
on liverfunctionand bone metabolism,aswellas the response
of tumour to therapy. Hemoglobinmeasurements,whitecell
and plateletcounts were also performedto determine radia
tion effectson the marrow. Random serum cortisolmeasure
ments were made to assess adrenocortical function after ther
apy in viewof the estimatedradiationdose to the adrenals.

RESULTS

Diagnostic Imaging
The results forthe nine patients were tabulated (Table

1). [â€˜3'IJMIBGscanswere positive in four patients,
Patients 1, 2, 3, and 5 (Figs. 1, and 2). Patient 1, with
uptake of [â€˜3'IIMIBGin both lobes of the thyroid, was
subsequently shown at surgery to have bilateral tumor,
confirmed histologically as bilateral medullary carci
noma of the thyroid. Patients 2, 3, and 5 had known
metastatic disease, and [â€˜3'I]MIBGidentified some, but
not all, known lesions in these patients. Soft-tissue
metastases and bone metastases with soft-tissue exten
sion appeared to take up [â€˜311]MIBGto a greater degree
than discrete bone metastases. In one patient with
known pulmonary metastases, Patient 7, equivocal up
take was seen in the lung fields. Nonspecific liver uptake
was seen in the 24-hr image in all patients, but cleared
by 48 hr in all patients except Patient 3, with known
hepatic metastases.

The remaining four patients had no abnormal uptake
seen on [â€˜3'IIMIBGimaging. One of these patients,
despite elevated calcitonin levels, was asymptomatic
and had no other evidence of recurrence, despite exten
sive investigation, including CAT scan and a techne
tium-99m methylene diphosphonate bone scan. This
patient may represent a true negative scan, although
elevated calcitonin levels persist. The [â€˜3'IJMIBGscans
in the other four patients gave a false-negative result,

with no uptake seen either at the sites of known bone
or soft-tissue metastases (Fig, 3).

Iodine-131 MIBG Therapy

Patient 2
Diagnostic scanning in the patient revealed signifi

cant uptake in the skull, in the known deposit at the
level of L2 and in the deposit in the left iliac crest. In
view of the patient's marked bone pain from these
lesions, and incapacitating diarrhea, it was decided to
treat with a therapeutic dose 100 mCi (3,700 MBq)
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FIGURE 1
Anteriorview,24-hrdiagnostic[1311]MIBGscan,of Patient
1 with a knownfamilyhistoryof MCT showingaccumula
tion of [â€˜311]MIBGin both lobes of the thyroki, confirmed
on subsequentsurgery to be in sites of histologically
proven MCT.
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FIGURE 2
Scans of Patient 2 with known metastases in skull, lumbar spine and left iliac crest. A: 24-hr diagnostic [131IJMIBGscan,
posteriorview,showinguptakein lumbarspine(1)and left iliaccrest (2).Bladderactivity is seen(3).B: CAT scanof
_s showingtumorinvolvingleftiliaccrest(arrow).C:CATscanofL2showingtumordestructionofbodyofvertebra
withsoft-tissue extension (arrow).D:24 hr diagnostic [131l]MIBGscan of lateral skullshowing accumulation in left lateral
skullmetastasis.E: Six-daypost-therapy[131IIMIBGscan, anteriorview of lower thorax and abdomen,sho@nÃ±nggood
uptake in lumbar spine (1) and iliaccrest (2), and identifyingpreviously nonvisualized nb metastasis (3). Uver uptake is
alsoseen(4)presumedto be nonspecific.
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nonspecific and dose related in view of the absence of
other evidence to suggest liver metastases (Fig. 2E).
Following therapy the patient experienced pain relief
for a 2-mo period. A second therapeutic dose of [â€˜@â€˜I]
MIBO 150 mCi (5,500 MBq) was given 4 mo later.
Again, the patient experienced pain relief and also
improvement in diarrhea, with a short period during
which antidiarrheal agents were not required, and ob
jective reduction in the size of the soft-tissue skull
deposit. However, these improvements lasted only 6 to
8 wk, and the diarrhea and the skull metastasis recurred,
although the patient still believed the pain was a less
marked feature than before treatment. Random cortisol
levels performed after therapy showed a reduction in
cortisol secretion between 4 to 8 wk following therapy.
This, however, spontaneously recovered by 3 mo. The
platelet count was also seen to fall transiently, with
again spontaneous recovery by 3 mo after therapy.
Calcitonin levels fell transiently after each therapy dose,
but the fall was not sustained and 2 mo after therapy
the calcitonin level started to rise again.

The calculated dose to the skull lesion was 950 cOy
per 150 mCi (5,500 MBq) [â€˜311]MIBO,and to the lesion
at L2 was 800 cOy per 150 mCi (5,500 MBq) [â€˜@â€˜I]
MIBG. The dose to the left iliac crest lesion could not
be calculated due to the infiltrative nature ofthe lesion,
which made accurate sizing impossible. The adrenal
dose was calculated as 3,000 cOy to the adrenal me
dulla, per 150 mCi (5,500 MBq) [â€˜31IIMIBGdose.

Patient 3
This patient was known to have hepatic, pleural, and

rib metastases, and the hepatic metastases were identi
fled on [â€˜31IJMIBGdiagnostic imaging with equivocal
uptake seen in the known rib and pleural lesions. This
patient was grossly symptomatic with pain from bony
metastases and diarrhea, and it was again decided,
therefore, to attempt therapy with 100 mCi (3,700
MBq) dose of [â€˜31I]MIBGafter the positive diagnostic
scan. The patient experienced nausea and vomiting
during the five days following the treatment dose. Pain
relief was experienced for 2 mo after treatment, and a
second treatment dose 150 mCi (5,500 MBq) [â€˜@â€˜I]
MIBU was given 3 mo later. The patient was given
prochlorperazine intramuscularly prophylactically
prior to administration of the second therapy dose and
during the subsequent 5 days, with minimal nausea
experienced. The patient again experienced pain relief,
and some improvement in frequency ofdiarrhea follow
ing therapy but, as in Patient 2, the improvement had
subsided by 8 wk post-therapy. There was no significant
fall in calcitonin levels following treatment, but some
increase followed by a fall in aspartate transaminase
levels were noted. The estimated dose of the liver from
a 150 mCi (5,500 MBq) [â€˜311]MIBGdose was 2,000
cOy.

R

B

.@@

A

R

@-@--@-â€” -

FIGURE 3
Scansof Patient8 withwidespreadbonymetastasesfrom
MCT.A:[@Tc]MDPbonescanofheadandneckshowing
multiple bone metastases in skull, cervical spine, nght
stemoclavicularjointandleftshoulder.B: [131IIMIBG24-hr
diagnostic scan of head and neck showing no significant
uptake in sites of known bony metastases and normal
[131l]MIBG uptake in left parotid gland.

[â€˜31IJMIBG,after the positive diagnostic scan had been
obtained. Therapy was well tolerated, with no reported
or observed side-effects, and post-therapy scanning con
firmed uptake of [â€˜31IJMIBGin known metastatic sites
and also identified a further rib metastasis, not seen on
diagnostic imaging. Liver uptake was also a prominent
feature on the therapy scan and was presumed to be
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Pharmacokinetics

The clearance of radioactivity from the blood was
studied in one patient after a diagnostic study (Patient
8),and in two patients(Patients2 and 3)afterdiagnostic
and therapeutic doses of [â€˜31I]MIBG.Urine was col
lected in all three patients after the diagnostic dose.

Blood clearance curves of radioactivity (Fig. 4) ap
peared to be triphasic. A rapid early clearance with a

half-life of -@--40mm occurred in all three patients, with
< 10% of the dose remaining in the blood 5 mm after

injection. This phase was followed by a short second
phase with a half-life of -â€˜-9hr. The third phase varied
between patients, being shortest in Patient 3 (half-life
47 hr), 60 hr in Patient 8, and 90 hr in Patient 2 (both
diagnostic and therapeutic doses). In all cases, <1% of
the dose remained in the blood at 48 hr.

Approximately 30% to 60% ofthe administered dose
was excreted in the urine within 24 hr of injection (Fig.
5) rising to 40% to 80% at 48 hr.

DISCUSSION

Iodine-131 MIBO uptake in neuroectodermally de
rived tumor is now well described and several case
reports (5â€”7)and a series of six patients (8) have been

reported demonstrating uptake of [â€˜31I]MIBGin pa
tients with MCT. The series reported by Poston et al.,
however, shows that uptake is variable, and that in
some patients with proven MCT recurrence, no uptake
of [â€˜31IJMIBGis visualized. Our series of nine patients
confirms the findings of Poston et al., with equivocal
uptake seen in one patient with known metastases and
no uptake seen in four patients with elevated calcitonin
levels, ofwhom one had no other evidence of metastases
with normal CT and bone scan. Four patients, however,
one with primary tumor and three with proven metas
tases, had definite 1'31I]MIBOuptake.

The mode of['31I}MIBOuptake in MCT is uncertain.
In pheochromocytoma, uptake occurs in the neurose
cretory granules, but no such uptake has yet been
demonstrated in MCT. In this study, we have visualized
uptake in known sites of MCT, but it is of interest that
not all sites of known tumor in an individual patient
take up [â€˜311]MIBOto the same degree. As has been
demonstratedin Patient 2, soft-tissue metastasesappear
to take up [â€˜31I]MIBGmore avidly than discrete bone
metastases, that may explain some of the variation in
uptake seen in individual patients. Post-therapy imag
ing in Patients 2 and 3 also indicates that more tumor
sites are identified with high doses of [â€˜31I]MIBGthan
are seen with the 1 mCi (37 MBq) dose, a finding often
observed in patients with follicular carcinoma of the
thyroid, in whom the low dose diagnostic â€˜@â€˜Iscan is
negative, but the post high-therapy dose scan is positive.

The pharmacokinetic studies indicate that [â€˜@â€˜I]
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FIGURE 4
Disappearanceof total radioactivityfrom whole blood in
patientsreceivingdiagnosticandtherapeuticdosesof [1311]
MIBG.Patient2 (0, therapy),(S, diagnostic);Patient3(0,
diagnostic),(U, therapy);Patient8 (Lx,diagnostic).

MIBG in patients with MCT is excreted in a similar
pattern to that reported by Mangner et al. (11) in
patients with malignant pheochromocytoma. The low
est percentage excretion at 24 hr was seen in the patient
with most uptake on the scan indicating significant
retention of activity in that patient.

Iodine-l3l MIBO therapy was given to two patients
with widespread metastatic disease. Both patients ex
perienced pain relief after therapy, and both also expe
rienced a short-term improvement in diarrhea after the
second treatment dose. Disappointingly, neither patient
showed a sustained reduction in calcitonin level after
therapy, and pain and diarrhea relief lasted only 2 mo
after treatment. The estimated radiation doses to the
lesions in both patients were low, which presumably
explains the absence of a dramatic response to therapy.
The fact that there was any response at all may be due
to the kinetics of MCT, a slow-growing tumor that is
possibly more likely to respond to low dose continuous
radiation than an agressive tumor. However, in view of
the symptomatic relief, this study would suggest that
there may be a palliative role for [â€˜31IIMIBOin patients
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FIGURE 5
Urinaryexcretionof total radioactivityin patientsreceiving
diagnosticdosesof[1311]MIBG.Patient8 (is);Patient2 (â€¢);
Patient 3(0).

with MCT that take up [â€˜311]MIBG.Therapy, however,
should be considered earlier in the disease, and doses
given at 2-month rather than 3- to 4-month intervals,
as in this study. Unfortunately, the present high cost of
[â€˜31I]MIBGmakes regularshort interval therapy unac
ceptable in many centres, although the cost compares
favourably with some chemotherapeutic regimen and
should reduce with more widespread usage. In the
future, it may be possible to identify tumor markers
that correlatewith positive [â€˜31IJMIBGuptake and also
to explore the possibility of increasing [â€˜31IIMIBGup
take using other agents.

This study confirms, therefore, that [â€˜31I]MIBGis
taken up into known primary and metastatic tumor in
some patients with MCT. There is a high incidence of
false-negative studies, however, but further work is in

dicated to evaluate the therapeutic potential of this
radiopharmaceutical, in view of the palliative response
observed in this study.
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