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131I-MIBG is a radioiodinated adrenergic neuron-blocking agent (Fig.
1). As an adrenomedul1ary imaging agent was first employed by Sisson
(1981) who demostrated marked uptake in eight patients with known
pheochromocytoma. Since then 131I-MIBG has shown to be very useful -
for diagnosis and radiometabolic therapy of pheochromocytoma and
neurobiastoma (Me. Ewan 1985, Munkner 1985). During the last two
years the utilization of 131 I—MIBG was extended to the localization -
of paragangl ioma (Smit 198*0, carcinoid tumor (Fischer 198*0,
metastatic medullary thyroid cancer (Sone 1985), melanoma and oat-cell
carcinoma (Hoefnagel 1985). Therefore many different APUD neoplasms
may be considered as a potential target for 131I-MIBG (Tab. 1)
although the uptake and the kinetic of this tracer are still unclear
A possible kinetic compartmental (mammi11ary) model is shown in Fig. 2
where compartment 1 represents blood pool and compartment 2 the APUD
neoplasia. A third compartment, representing the neuroadrenergic —
system with a much slower dynamic pattern, may also be hypothesized.
We cannot exclude that the MIBG is partially metabolized in
compartments 2 and 3, but most evidence is that the tracer is almost
completely excreted by kidneys as unaltered compound (Mangner 1986).
According to this model, theoretical "in vivo" time-activity curve
obtained on compartment 2 is shown in Fig. 3, not taking on account -
compartment 3-
We report the dynamic-functional 131I-MIBG study performed in a —

case of carcinoid tumor with liver metastases, comparing the kinetic
parameters measured with those obtained in another pheochromocytoma.
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MATERIALS AND METHODS
A 35-year-old woman came to our observation with a history of

pituitary adenoma (GH and prolactin producing) surgically treated 3
years before. One year after the surgery she began to experience —
recurrent flushes with headache, diarrhea and vomiting. Urinary
excretions of 5-hydroxytryptamine, 5-hydroxytryptophane and 5-
hydroxyindolacetic acid were 3-4 fold more than normal. A CT abdominal
scan revealed multiple hypodense lesions in the liver, confirmes by a
radionuclide liver scan (99m Tc-Albucoll. 55,5 MBq i.v., Fig. 4).
After the administration of 55,5 MBq 131I-MIBG i.v. serial scintiscans

of the hepatic region were obtained for a period of 6-8 hours (a scan
an hour). Serial counting was also performed on the spinal lumbar —
column, in order to obtain a parameter for blood background correction
(see appendix), on the liver and on every site we suspected a
metastatic localization of the neoplasm (i.e. where an even limited —
increase of activity was observed). Scintiscans and counting were then
daily performed until the activity ratio: neoplasia/background
approached to 1. Time-activity curve of the neoplasm was obtained
with a best-fit procedure after background correction, and kinetic
parameters (Ti/2, Tmax) were then evaluated.

RESULTS
In the 1311—MIBG scan performed after 7 hours we observed a

significant increase of activity in those liver regions that were
hypoactive at the 99mTc-Albucol1 scan because of the carcinoid tumor
metastases. This activity became more evident during the following
days (Fig. 5).
Time-activity curve analysis (Fig. 6) showed that maximal 1311—MIBG

uptake by carcinoid tumor occurred at 48 Hours, while its biological
half-time was 8 days and half.
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DISCUSSION
Most data on the kinetic of 1311—MIBG, are derived from "in vitro"

kinetic studies of neuroblastoma and pheochromocytoma cultured cells
(Tobes 1985, Kimming 1986) or mice-transplanted neoplasms (Senekowitsch
1985), Few authors nave performed "In vivo" kinetic studies (Lindberg
1985, Nakajo 1985)-

Our findings appear to be not in agreement with those elsewhere reported
on carcinoid tumors (Hoefnagel 1986), on account of the very slow kinetic
(Tl/2 = 8d, 12h) we have observed. Nevertheless biological 131I-MIBG —
half-times values measured by the already mentioned Authors and ranging
between 1 and k days are in agreement with our results in a patient with
a pheochromocytoma. There are two possible explanations for understanding
such a difference;

a) We observed a particular carcionoid tumor with a very slow metabolic
rate.

b) the 1311—MIBG kinetic in carcinoid tumors is really slow according
to their well known slow growth rate, so that the short half-time reported
by Hoefnagel cou1H depenH upon the influence of blood activity that Author
does not mention to have subtracted. In fact limiting the observation to
the first 2k hours and without background correction we too measured a
biological half-time of 3 days about.

This different technique employed may explain also the disagreement
between the results obtained by LinWberg (which in his paper stresses the
importance of prolonging the study after k days) and those reported by —
other authors.

The difference: between this rsrcino id and pheochromocytoma regarding
131I-MIBG kinetic is confirmed by the analysis of the neoplasia/liver
activity ratio curve (Fig. 7-8). Carcinoid/iiver and pheo/liver share a
similar curve but in our study the latter reaches a plateau after 9 days
while the former after 2 days only.

Although we did not perform the quantitative compartmentai study the
analysis of the time-activity curves, allowes us to suggest that the
model hypothesized is correct on account of the pattern of the curve
obtained on compartment 2 similar to the theoretical curve showed on Fig.
3.

Analytical quantitative evaluation of turn-over rates was not performed.
In fact it is not possible to define a physiological compound "traced" by
131I-MIBG, and there is not correlation between 131I-MIBG uptake and
amine production by the tumor (Smit 198**, Cabal lero 1986). This tracer
more probably mimicks the normal behaviour of many different amines by
crestal neuron origin cells,
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CONCLUSIONS
Although more data are necessary to understand if there is a significant

variation in 131I-MIBG kinetics between the different kinds of APUD
neoplasms we think that a dynamic-functional study, allowing the
evaluation of the different biological half-times, may be helpful for the
selection of these neoplasms which could be treated with 131I-MIBG and
for the estimate of radiation dose required for the treatment.

APPENDIX (Magrini-Pavoni 1985)
Total counts obtained on the neopiasia N _ should be considered as the

sum of two terms;

% ( t ) = Nft(t) + N'B(t) (1)

where N. is the activity present in the neoplastic cells and N'_ is the
activity in blood perfusing the neoplasia and the surrounding tissues.
As far as complete mixing of the tracer can be assumed N' counts are —
proportional to the counts obtained over the spinal lumbar column (aortic
activity) NQ

N'B(t) -
e
B NB(t) (2)

The constant £„ accounts for the different detection efficiency of blood
activity in the two counting sites. As _ varies from subject to subject
and for earn counting area in the same subject a normalization must be
performed to counts recorded at time t=0. At this time:

NAB(0) = N'B(0) (3)

Therefore E

NAB ( 0 )

=
g ( Q )

and by sostitutions in (2) and then in (l) the net neoplasia counts can
be obtained :

N.(t) = N._(t) - A" N (t)
A A B N (0)
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SUMMARY

131I-METAI0D0BENZYLGUANIDINE (131I-MIBG) KINETICS IN A CARCINOID TUMOR.

R. Schiavo, G. Concolino, F. Fazi
Manzara, P. Pavoni (V. Clinira
Italy).

P. Iannantuono, S.Li. Voti, A.
a, Universita di Roma "La Sapienza"

The 1311—MIBG kinetic was "in vivo" studied in a patient with liver
metastases in case of carcinoid tumor. Serial scintiscans (55-5 MBq
i.v.) and counting on spinal lumbar column, on liver parenchyma and on
those suspected sites, on account of the activity measured, allowed us
to validate a two-compartment model. Biological neoplasia half-time
was 8 days and half, while maximal tracer uptake occurred at kS hours..
Our findings, showing a very slow 1311—MIBG kinetic, raise the possibility
that exists a difference among different APUD neoplasms in 1311—MIBG
turnover rates. Therefore a dynamic-functional study, with the evaluation
of the diference biological half-times may be helpful for a more correct
estimate of the radiation dose required for a radiometabolic 1311—MIBG
treatment.
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LEGENDA

•Fig. 1 : 1311-Metaiodobenzylguanidine .
Fig. 2: 13U-MIBG kinetic model.
Fig. 3 •' 13H-MIBG time-activity theoretical curve.
Fig. k: Liver colloid scan.
Fig. 5: Liver 7 3TI-MIBG scan.
Fig. 6: Time-activity 13H-MIBG curve.
Fig. f: Carcinoid/liver activity ratio curve.
Fig. 8: Pheo/liver activity ratio curve.

Tab. 1 : APUD cells, apudomas and their main endocrine production.

APUD CELLS

Adrenergic neuron

Chromaffin eel 1

Paragangliar eel 1

Thyroid "C" eel 1

Endocrine gastroenteric
eel 1

Kulchitsky bronchial
cell

TAB. 1

APUOOMAS

Neuroblastoma

Pheochromocytoma

Pa? aganglioma

Medullary thyroid
ca rci noma

Intestinal carcinoid

Bronchial carcinoid
Mi rrocytoma

ENDOCRINE
PRODUCTION

Catecolamines

Catecolami nes

Calci toni ne

5-HT, Gastrine

5-HT
ACTH

Melanocyte Melanoma



- 7 2 -

N-H
II

CH2NHCNH2

f i g u r e I

3J X)3

1/

X3O

g _ neuroadrettergk; f _ /,/oorf 2 •= neoplamla

f i g u r e 2

Ln

1 I if

f i g u r e 3



- 7 3 -

S. * **'

f i g u r e 4 and 5



figure 8


