(4-10). Furthermore, false-positive findings may be produced
by malformations or dystopia of the organs that excrete iodine,
such as by intestinal diverticula or an ectopic kidney (5,70-15).
Very rarely, struma ovarii may be the cause of the pathological
1311 accumulation (16). Veronikis et al. described nonmetastatic
thymic uptake of '*'I in patients with benign diseases of the
thyroid gland (17).

In our patient, the right frontal focus of '*'I accumulation
corresponded to a mucocele of the right frontal sinus. This was
proven by the absence of a metastasis of the thyroid cancer in
the resected specimen and the disappearance of the right frontal
1311 accumulation after surgery. Mucoceles are slow-growing,
benign lesions localized in the paranasal sinuses and lined by
respiratory epithelium (/8). Consequently, the marked accumu-
lation of radioiodine observed in our patient may have been
caused by secretion and subsequent sequestration of mucous
material within that benign neoplasm.

The possibility of a false-positive '*'I scan should be kept in
mind when treating patients with thyroid cancers. This applies,
in particular, to patients with pathological extrathyroidal '3'I
uptake but normal serum thyroglobulin levels.

REFERENCES
1. Freitas JE, Gross MD, Ripley S, Shapiro B. Radi lide diagnosis and th
thyroid cancer: current status report. Semin Nucl Med 1985;15:106-131.
2. Dadparvar S, Krishna L, Brady LW, et al. The role of iodine-131 and thallium-201
imaging and serum thyroglobulin in the management of differentiated thyroid
carcinoma. Cancer 1993;71:3767-3773.

py of

3. Schober O, Saur H-B, Sciuk J, Ahrens S. Radioiodine therapy of malignant thyroid
diseases. Exp Clin Endocrinol 1994;102:55-66.

4. Hoschi R, Choy DHL, Gandevia B. Iodine-131 uptake inflammatory lung disease: a
potential pitfall in treatment of thyroid carcinoma. J Nucl Med 1988;29:701-706.

5. Bakheet SM, Hammami MM. False-positive radioiodine whole-body scan in thyroid
cancer patients due to unrelated pathology. Clin Nucl Med 1994;19:325-329.

6. Preisman RA, Halpern SE, Shishido R, Waltz T, Callipari F, Reit R. Uptake of I-131
by a papillary meningioma. Am J Roentgenol 1977;129:349-350.

7. Wu SY, Kollin J, Coodley E, et al. Iodine-131 total body scan: localization of
disseminated gastric adenocarcinoma. Case report and survey of literature. J Nucl Med
1984;25:1204-1209.

8. Haubold-Reuter BG, Landolt U, von Schulthess GK. Bronchogenic carcinoma mim-
icking metastatic thyroid carcinoma. J Nucl Med 1993;34:809-811.

9. Wang PW, Chen HY, Li CH, Chen WJ. Uptake of I-131 by an abdominal neurilemoma
mimicking metastatic thyroid carcinoma. Clin Nucl Med 1993;18:964-966.

10. Datz FL. Gamuts in nuclear medicine, 3rd ed. St. Louis, MO: Mosby; 1995.

11. Schneider JA, Divgi CR, Scott AM, et al. Hiatal hernia on whole-body radioiodine
survey mimicking metastatic thyroid cancer. Clin Nucl Med 1993;18:751-753.

12. Willis LL, Cowan RJ. Mediastinal uptake of I-131 in a hiatal hernia mimicking
recurrence of papillary thyroid carcinoma. Clin Nucl Med 1993;18:961-963.

13. Ceccarelli C, Pacini F, Lippi F, Pinchera A. An unusual case of a false-positive
iodine-131 whole-body scan in a patient with papillary thyroid cancer. Clin Nucl Med
1988;13:192-193.

14. Brachman MB, Rothman BJ, Ramanna L, Tanasescu DE, Adelberg H, Waxman AD.
False-positive iodine-131 body scan caused by a large renal cyst. Clin Nucl Med
1988;13:416-418.

15. Boulahdour H, Meignan M, Melliere D, Braga F, Galle P. False-positive I-131 scan
induced by Zenker's diverticulum. Clin Nucl Med 1992;17:243-244.

16. Yeh E, Meade RC, Ruetz PP. Radionuclide study of struma ovarii. J Nucl Med
1973;14:118.

17. Veronikis IE, Simkin P, Braverman LE. Thymic uptake of iodine-131 in the anterior
mediastinum. J Nucl Med 1996;37:991-992.

18. Delfini R, Missori P, Iannetti G, Ciappetta P, Cantore G. Mucoceles of the paranasal
sinuses with intracranial and intraorbital extension: report of 28 cases. Neurosurgery
1993;32:901-906.

Acute Liver Necrosis Induced by Iodine-131-MIBG
in the Treatment of Metastatic Carcinoid Tumors
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lodine-131-metaiodobenzylguanidine (MIBG) is used in the treat-
ment of carcinoid tumors. Temporary palliation with complete sub-
jective symptomatic response has been reported in these patients.
This treatment is usually well tolerated and side-effects are generally
limited to nausea, mild hepatic toxicity with spontaneous recovery
and temporary myelosuppression. Our case report shows that
repeated treatment with ['3'[MIBG in a patient with extensive
carcinoid liver metastasis may cause severe hepatic toxicity leading
to death. Factors such as concomitant use of 5-fluorouracil and the
progressive nature of the disease may have contributed to this
event.

Key Words: iodine-131-MIBG; carcinoid tumor; acute liver necrosis;
therapy
J Nucl Med 1997; 38:1024-1026

Carcinoid tumors are slow-growing neoplasms arising from
the amine precursor uptake and decarboxylation cells of the
diffuse endocrine system. The use of ['*'I)metaiodobenzylgua-
nidine (MIBG) in neural crest and other potentially
[*'I]MIBG-concentrating tumors for both diagnostic and ther-
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apeutic purposes has been developed after successful applica-
tion of ['*'I]MIBG in the localization of pheochromocytoma
(1). In contrast to neuroblastoma and pheochromocytoma, the
role of ['*'I]MIBG in the treatment of metastatic carcinoids is
mainly palliative. The cumulative results of ['*'I)MIBG treat-
ment in metastatic carcinoid tumors indicate a palliative effect
in 65% and tumor reduction in 15% (2-6). To date, reported
toxicity has been limited to nausea and vomiting and transient
myelosuppression. Besides these effects, transient mild hepatic
dysfunction 1 wk after treatment with full recovery after
conservative therapy has been reported in one of four patients
with liver metastases due to a carcinoid tumor (7). We treated
12 patients with ['*'I]MIBG (1 with pheochromocytoma, 2 with
medullary thyroid carcinoma and 9 with carcinoid tumors) at
our hospital. The present case demonstrates an unexpected,
severe complication of ['*'I)MIBG therapy for carcinoid with
widespread liver metastasis.

CASE REPORT

Two years before a liver metastasis appeared, our patient
underwent a radical pancreaticoduodenectomy for a primary pan-
creatic carcinoid. The initial diagnosis was made when he pre-
sented with attacks of flushing and diarrhea. At that time, no distant
metastasis was known, especially no liver metastasis. Shortly
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FIGURE 1. Serum bilirubin and ALT values of a patient with liver metastasis
from a carcinoid tumor of the pancreas during repeated intravenously
administered ['>'|MIBG therapy.

before liver metastases were detected, his condition deteriorated,
his diarrhea increased and he lost weight. Since he was known to
have liver metastases, he received palliative treatment with four
[**'I]MIBG administrations (two doses of 3.7 GBq and two doses
of 74 GBq over 1.5 yr). One day before treatment with
['*'I]MIBG, potassium iodate (170 mg/day) was started and
continued for 10 days to block thyroid uptake of free '*'I (less than
5%). Iodine-131-MIBG was purchased from commercial sources
and administered through a running intravenous drip in 0.9% saline
over 2 hr through an infusion system equipped with a pump. The
specific activity was 0.74 GBg/mg. Thus, a 7400-MBq dosage will
contain 10 mg MIBG. This amount of unlabeled MIBG will not
contribute to the antitumor effect (8). Moreover, in the last year,
continuous 5-fluorouracil (5-FU) 300 mg/m2/day, intravenously
was used. 5-FU is one of the known effective chemotherapy
regimens for palliative carcinoid treatment. Both the ['*'[JMIBG
and 5-FU therapies were well tolerated and gave subjective
improvement. The patient’s fatigue diminished, his appetite in-
creased and he had, during this period, no complaints of diarrhea or
flushes. At the time of admission for his fifth ['*'I]MIBG therapy,
he was 53 yr old. Preceding this renewed ['*'I]MIBG course of
treatment, he experienced increasing pain in the liver area, general
fatigue, nausea, vomiting and increasing dyspnea. Physical exam-
ination showed ascites and a very large, irregular, rock-hard liver
that was tender by palpation. During the preceding 3 mo, blood
chemistry demonstrated a rising serum liver enzyme concentration
(see Fig. 1 for serum bilirubin and alanin aminotransferase (ALT)
values during the course of the disease under ['>'I]MIBG). Previ-

Acute LIvEr NEcrosis INDUCED BY loDINE-131-MIBG - Bongers et al.

FIGURE 2. (A) lodine-131-MIBG scintigraphy 4 wk before the fifth ['*']MIBG
therapy (7400 MBQq) reveals multiple abnormal tumor uptake of the liver. (B)
The ™ Tc-colloid scintigram demonstrated nonfunctional liver tissue corre-
sponding to the ['3']MIBG-avid areas beside nommal colloid-avid tissue.

ously, pre- and post-therapeutic ['*'[JMIBG scintigrams showed
multiple liver metastases (Fig. 2). These lesions were confirmed by
CT examination of the liver (Fig. 3), which also showed progres-
sive liver metastasis from the pancreatic carcinoid, but also a
considerable remaining normal liver tissue. Based on volumetric
CT measurements, this patient had 52% normal liver tissue and
48% necrosis and metastatic liver tissue. The second day after the
fifth ['*'I]MIBG therapy (7400 MBq), the patient became increas-
ingly confused and dull. Complementary blood chemistry demon-
strated rapidly progressive liver insufficiency (as shown by the
serum bilirubin and ALT values in Fig. 1), resulting in a hepato-
renal syndrome (urea 58.6 mmol/liter, creatinine 230 pmol/liter,
sodium 160 mmoV/liter, potassium 5.5 mmol/liter).

Despite treatment of the hepato-renal syndrome (volume expan-
sion with salt/glucose, lactulose syrup 30 ml/hr, oral neomycine
4 X 1000 mg and fresh frozen plasma), the patient died from acute
liver cell necrosis 8 days after ['*'[JMIBG administration.

A postmortem liver scintigram showed multiple ['*'[JMIBG-
concentrating lesions as well as normal liver tissue (Fig. 4).
Postmortem examination confirmed death by acute liver failure due
to metastasized carcinoid. Signs of veno-occlusive liver disease,
frequently observed in cases of radiation hepatitis, were absent.

3. Contrast-enhanced CT of the liver shortly before the fifth

FIGURE
[*'MIBG therapy demonstrates multiple solid tumors of the liver beside
normal liver tissue.
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FIGURE 4. Postmortem scintigram (coronal SPECT slices) of the liver show
multiple lesions with ['*'IMIBG uptake.

DISCUSSION

Less than 5% of the carcinoid tumors arise from the pancreas.
Carcinoid tumors generally metastasize to the liver and may
involve this organ extensively, with minimal metastatic disease
elsewhere. This typical metastatic pattern was also found in our
patient, as shown by ['>'I]MIBG scintigraphy.

Significant symptomatic relief is described in ?atients with a
metastasized carcinoid, after treatment with ['*'I]MIBG (9).
Response duration is 3-24 mo and tends to improve with
increasing administered dose (4). However, only 60% of the
carcinoid tumors concentrate MIBG (/0). In addition,
["*'TI)MIBG uptake is often variable in tumors at different sites
in the same individual, with relative sparing of some metasta-
ses, and this evidently limits therapeutic response. Therefore,
the consensus is that ['>'I]MIBG therapy should only be
considered for patients in whom every tumor site is known to
concentrate MIBG. Our patient satisfied these criteria.

In general, MIBG treatment is well tolerated with side effects
limited to nausea 4872 hr postinfusion, mild hepatic dysfunc-
tion with spontaneous recovery and temporary myelosuppres-
sion 4-6 wk post-therapy (7,1/1). Ackery et al. (/2) reported
three cases of hypoparathyroidism. We report on a patient who
developed severe liver failure and a lethal hepato-renal syn-
drome after repeated ['*'[JMIBG therapy. The acute onset of
the hepatic failure makes it very unlikely that this event was due
to tumor progression only. Therefore, it must be concluded that
the deterioration of this patient was due to a combination of
factors, including the repeated ['*'[]MIBG treatment. 5-FU may
have had an additive effect to this toxicity. 5-FU has been
recognized as a potential clinical radiosensitizer (/3, /4) with no
hepatotoxicity of its own. In general, concomitant continuous
infusion of 5-FU and external beam radiotherapy might improve
patients’ survival, but drug uptake by adjacent or dose-limiting
normal tissue could limit the therapeutic gain for radiosensitization
of tumor compared with normal tissue (/5-17).

Because only animal dosimetric data are available for the
treatment of carcinoids metastasized to the liver, no firm
conclusions have been made with regard to the role of
['*'I]MIBG in this particular patient. Reported estimated ab-
sorbed radiation doses to the liver from a ['*'I]MIBG dosage
range from 0.152-1.9 mGy/MBq and are mainly based on data
from children with neuroblastoma (8).

CONCLUSION

Severe hepatic toxicity and hepato-renal syndrome can result
after repeated therapeutic administration of ['*'I)MIBG for
metastatic carcinoid tumor of the liver, despite previously well
tolerated ['*'I)MIBG therapy. Although hepatic toxicity is a
rather uncommon event after ['*'[JMIBG treatment, physicians
should be aware of this complication in patients with extensive
liver metastases. In retrospect, no final conclusion can be drawn
for the acute liver failure in this patient, but presumably the
concomitant use of a radiosensitizing agent (5-FU), previous
['*'[JMIBG administrations and the progressive nature of the
disease (progressive liver metastasis on CT and slightly in-
crease of liver enzyme values) contributed to the toxicity.
Therefore, we believe that ['*'I]MIBG therapy under such
conditions has to be seriously reconsidered. Moreover, more
exact dosimetric calculation (quantitative SPECT) is desirable
to define optimum dosage schedules to prevent lethal side-
effects in patients receiving multiple therapeutic dosages of
['*'1IMIBG (I8).
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