
he guanethidine analog iodine-i 3 1 metaiodoben
zylguanidine ([â€˜311]MIBG)is adequately concentrated
in pheochromocytomas and adrenal medullary hyper
plasia for scintigraphic images of the abnormal locali
zation to be made ( 1,2). We recently demonstrated that
[â€˜3I]MIBG is also concentrated in normal platelets by
a neuronal-pump mechanism (3). This platelet uptake
raised the possibility that [â€˜311]MIBGmight be useful
for visualizing other tumors which have a neuronal
pump mechanism, such as carcinoid tumors. While this
study was in progress Fischer et al. reported that one
patient with a carcinoid tumor whom they evaluated
with [â€˜311]MIBGhad adequate tumor uptake for visual
ization of hepatic metastases (4). In this report we
describe 25 studies with [â€˜311]MIBGperformed on 23
patients with carcinoid tumors of diverse anatomic
origin.

PATIENTS AND METHODS

Subjects
Twenty-three patients ( 14 men and nine women)

ranging in age from 33 to 80 yr (mean age 60 yr) were
evaluated. All of the patients had biopsy proven carci
noid tumors with the origin ofthe primary tumor noted
in Tables 1 and 2. The carcinoid tumors were of foregut
origin (bronchus, pancreas, stomach) in nine patients
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and midgut origin (ileum, cecum) in 14 patients (5).
The patients collected a 24-hr urine sample in a plastic
bottle that was kept at 1Â°C.

With the exception of Patients 13, 14, and 22, all of
the patients had evidence of increased serotonin pro
duction as manifested by increased urinary excretion of
serotonin, or its principal metabolite 5-hydroxyindole
acetic acid (5-HIAA). Patients 2, 16, 17, 19, 20, and 21
had disproportionally higher urinary serotonin than 5-
HIAA excretion indicating that they had atypical car
cinoid tumors that were secreting more 5-hydroxytryp
tophan than serotonin (6).

Patients with bouts of facial flushing or diarrhea were
defined as having the carcinoid syndrome. The presence
oftumor in liver, lymph nodes, bone, or primary tumor
was established by appropriate tests or procedures, such
as chest roentgenograms, chest or abdominal computed
tomography (CT), liver-spleen radionuclide imaging,
bone roentgenograms, bone radionuclide imaging, sur
gery, or postmortem examination.

METHODS

After receiving a detailed explanation ofthe proposed
studies, the patients signed an institutional consent
form. To block the uptake of free 131jby the patient's
thyroid, therapy with saturated solution of potassium
iodide one drop three times a day was started on the
day prior to administration of [â€˜31IJMIBGand contin
ued for 1 wk. The patients then received 500 @Ci(18.5
MBq) of [â€˜311]MIBGintravenously. Scintiscans of the
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Iodine-i 31 metaiodobenzylguanidine ([131l]MIBG)is concentrated in pheochromocytomas and
can be detected by external imaging. We administered [131l]MIBGto 23 patients with
carcinoid tumors to determine if it would be useful in scanning patients with these tumors.
The carcinoid tumors of 14 of the 23 patients (61%) were visualized. Iodine-i 31 MIBG was
concentrated most avidly by tumors of midgut origin (ileum, cecum); it was concentrated less
avidly by some tumors of foregut origin (pancreas, stomach); it was not significantly
concentrated by other tumors of foregut origin (bronchus). We conclude that 131lis a useful
imaging agent for carcinoid tumors.
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Tumor present/[131l]MIBGupake in tumor Intensity
5-HIAA Serotonin of

Patient Origin Carcinoid (normal2â€”8) (normal50â€”220) Lymph Primary[131l]MIBGno.
of tumor syndrome mg/24 hr zg/24 hr Liver nodes Bone tumoruptake1

lleum Yes 48 100 Yes/Yes Yes/No No/No No/No32
Ileum Yes 239 2,000 Yes/Yes Yes/No No/No Yes/No33
Ileum Yes 162 233 Yes/Yes No/No No/No No/No34
Ileum Yes 92 55 Yes/Yes No/No Yes/No Yes/No35
Ileum Yes 180 98 Yes/Yes Yes/No No/No Yes/No36
Ileum Yes 270 254 Yes/Yes No/No No/No No/No37
Ileum No 13 174 Yes/Yes No/No No/No No/No38
Ileum Yes 9 581 Yes/Yes Yes/No No/No Yes/No39
lleum Yes 32 369 No/No Yes/Yes No/No No/No31

0 Cecum Yes 42 228 No/No Yes/Yes Yes/No Yes/No31
1 Ileum Yes 44 342 Yes/No Yes/Yes No/No No/No31
2 Ileum No 23 72 No/No Yes/No No/No No/No01
3 Ileum No 2 80 Yes/No No/No No/No No/No014

Ileum No 3 18 No/No No/No No/No No/No0.

At surgery patient had small carcinoid implants (<0.5 cm) in theperitoneum.anterior

and posterior chest, abdomen, and pelvis were unaware of the patients' histories, graded[â€˜3I]MIBGperformed
24 and 48 hr after receiving the [â€˜31I]MIBG.uptake on a scale of 0 (no uptake) to three(intenseEach

image was obtained for 100,000 counts or 20 mm, uptake). Although all ofthe patients also had transmis
whichever comes first. Thus, each image took from 10 sion computed tomography (CT) of the abdomen,into

20 mm. some cases the study was done 1 to 2 mo before orafterWith
the exception ofthe five patients with bronchial thescintiscans.carcinoid

tumors, technetium-99m sulfur colloid Measurements of urinary excretion of 5-hydroxyin
([99mTc]SC) liver examinations with computer subtrac- doleacetic acid (5-HIAA) and serotonin wereperformedtion

were performed at the time ofthe 48 hr [â€˜311]MIBG using a spectrophotometric method and a radioenzy
scans. As [â€˜311]MIBGis concentrated to some extent in matic method, respectively (7).normal

liver, we found it helpful to subtract the[99mTc]SC
images from the [â€˜31IJMIBGimages to betterdefinetumor

deposits in the liver. The counts in a normalRESULTSarea
of the [99mTc]SC study were normalized tothesame
counts per pixel in the normal area in the [â€˜@â€˜I]In 10 of the 14 (7 1%) of patients withcarcinoidMIBG

study. tumors ofmidgut origin, adequate [â€˜311]MIBGwas con
Two nuclear medicine physicians, one of whom was centrated by carcinoid tumor in liver or lymphglandsTABLE

2Characteristics
of Patients with Foregut CarcinoidTumorsTumor

present/['31l]MIBGuptakein
tumor Intensity

5-HIAA Serotonin of
Patient Origin Carcinoid (normal2â€”8) (normal50â€”220) Lymph Primary[1311]MIBGno.

of tumor syndrome mg/24 hr jzg/24hr Liver nodes Bone tumoruptake1

5 Pancreas Yes 35 197 Yes/Yes No/No No/No Yes/Yes21
6 Pancreas No 63 4,280 Yes/Yes No/No No/No Yes/No117

Stomach Yes 81 7,155 Yes/Yes Yes/No No/No Yes/No11
8 Stomach No 11 29 Yes/No Yes/No No/No No/No019

Bronchus Yes 124 1,294 Yes/No No/No No/No Yes/No020
Bronchus No 80 53,738 No/No No/No Yes/No Yes/No021
Bronchus No 57 33,953 No/No No/No Yes/No YesNo022
Bronchus No 3 170 No/No Yes/No Yes/No No/No023
Bronchus No 10 178 No/No No/No No/No Ye&/No0.

Pulmonary metastases also present without [â€˜31IJMIBG uptake.

TABLEI
Characteristics of Patients with Midgut Carcinoid Tumors
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to satisfactorily visualize the carcinoid tumor in scinti
scans (Table 1). In Patients 1 through 8 the abnormal
[â€˜3IJMIBGuptake occurred in the liver, in Patients 9
through 11 it occurred in the lymph nodes. The hepatic
metastases of Patients 1 through 8 were successfully
imaged with both [â€˜311]MIBGand [@mTc]SC(Fig. 1).
Patients 11 and 13 had several hepatic metastases <2
cm in diameter seen at laparotomy. These small tumor
deposits, however, were not visualized on the [â€˜@â€˜I1
MIBG studies, [99mTCISCliver-spleen scans, or abdom
inal CT.

We do not have direct verification that the extrahe
patic concentration of [â€˜31IJMIBGseen was in lymph
nodes. However, this is most likely, for carcinoid tu
mors invariably first metastasize to regional lymph
nodes (5). These probable lymph node metastases were
successfully imaged with [â€˜31I]MIBGin Patients 9
through 11. In Patient 10 the [31I]MIBG uptake was
located in the cervical area. Although no nodes were
palpable in the cervical area of Patient 10 at the time
of the scan, 1Â½yr prior to this study, biopsy demon
strated carcinoid tumor in cervical lymph nodes in this
area of the patient's neck.

In Patients 9 and 11 the nodes successfully imaged
were located in the abdomen. The celiac nodes of
Patient 11 were noted on both the [â€˜31I]MIBGscan and
the abdominal CT scan. Although the mesenteric nodes
ofPatient 9 noted on [â€˜3IIMIBGscan were initially not
noted on abdominal CT, they were seen after attention
was directed to this area by the positive [â€˜31I]MIBG
scan (Fig. 2). The abdominal CT of Patient 2 suggested
that enlarged lymph nodes were present in the mesen
tery and porta hepatis; however, these lymph nodes
were not visualized on the [â€˜31I]MIBGstudy. In three
other patients, who had lesser degrees of lymph node
involvement detected at surgery, abnormal lymph
nodes were not appreciated on [â€˜311]MIBGor abdomi
nal CT scan.

. . \â€¢...@ ;@@Ã§r'@@ @.@

@:â€¢@â€˜@

@ â€˜@

@:.;@@ â€¢

.. â€” @â€” ,..â€”..:.,.

...-â€˜@ ,@.@

. I@ - â€¢.â€¢â€¢:-@- -â€¢
1'@

:.@ ;@;@T@@@ I:@â€¢â€¢â€˜@@:.,â€¢@â€¢

@@@ -@ @4@:@:â€¢â€˜@

. . @@â€˜.;@;â€˜1@@ @. :â€˜

... :â€˜@@@ â€¢.@ @â€˜..
. â€˜@1 ,@@

@ .@ :@,-.

â€˜ i''-@
. â€˜, .@.@

@ â€¢@â€˜@ @y.

I

/
.t

FIGURE 2
Anterior[1311]MIBGscintiscan performed 48 hr after Patient
9 received injection.Althoughpatient has had diarrhea and
flushingfor 9 yr since his primaryilealcarcinoid tumor was
resected, there is no abnormal [131IJMIBGconcentrated in
his liver.Upper arrow shows [131IJMIBGis concentrated in
tumor-bearing mesenteric lymph nodes; lower arrow
shows [131I]MIBGexcreted in bladder.

Patient 4 had a small area of probable metastatic
carcinoid tumor in one thoracic vertebra noted on
magnetic resonance imaging and Patient 10 had micro
scopic foci of carcinoid on an iliac crest bone marrow
aspiration. Neither patient showed [â€˜3I]MIBG uptake
in bone. None ofthe five patients with primary tumors
present in the ileum or cecum showed [â€˜31IJMIBG
uptake in the primary tumor.

The tumor was successfully imaged in only three of
nine (33%) patients with foregut carcinoid tumors (Ta
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FIGURE 1
A:Computer acquired posterior [131I]MIBGimage performed 24 hr after administrationof agent to Patient 1. Iodine-i31
MIBGis concentrated in large metastatic tumor in liver.B: Computer acquired posterior [@â€˜Tc]SCscan performed 10
mm after i.v. administration of agent to Patient 1. Decreased activity is noted in upper portion of liver containing large
metastatic tumor. C: Computer acquired posterior image of Patient 1 Obtained by subtracting normalized [@9â€•Tc]SC
image from [131IJMIBGimage. lodine-i3i MIBGis clearly localized to large metastatic tumor in liver
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FIGURE 3
A: Anterior[131l]MIBGscintiscan performed 48 hr after Patienti 5 received isotope injection.Upper arrow shows normal
[131IJMIBGuptake in anterior region of liver;lower arrow shows abnormal 131luptake in primarycarcinoid tumor located
in head of pancreas. B: Abdominal CT scan performed on patient 15. Arrow shows carcinoid tumor located in head of
pancreas. C: Posterior [131l]MIBGscintiscan performed 48 hr after Patient 15 received isotope injection. Arrow shows
abnormal [131l]MIBGuptake in metastatic tumor in posterior region of liver. D: Abdominal CT performed on Patient 15.
Arrowshows hypodense hepatic metastases that was imaged in Fig. 3C

ble 2). The primary pancreatic carcinoid tumor and the
metastatic deposits in the liver of patient 15 were dem
onstrated by [â€˜311]MIBGand abdominal CT scans (Fig.
3). Only the metastatic deposits in the liver were imaged
with [â€˜311]MIBGin Patients 16 and 17: at postmortem
examination I mo after the [â€˜3I]MIBGscan the pri
mary gastric carcinoid tumor and the abdominal lymph
nodes of Patient 17 were <1 cm in diameter. Despite
the presence of primary bronchial carcinoid tumors as
well as carcinoid tumor in liver, lymph nodes, and
bone, positive uptake was not obtainable in any of the
five patients with bronchial carcinoid tumors.

Three years prior to resection of his ileal carcinoid
tumor, Patient 7 had an adenocarcinoma ofthe sigmoid
colon resected; 4 yr after resection of his ileal carcinoid
tumor this patient received radiation therapy for a

squamous cell carcinoma of the lung. When he devel
oped hepatic metastases 2 yr after developing carcinoma
of the lung, it was not clear which of the three primary
tumors was responsible. The intense [â€˜31IJMIBGuptake
in the hepatic metastases suggested that carcinoid tumor
was present in his liver. After percutaneous needle
biopsy demonstrated that the hepatic metastases were
from carcinoid tumor, a course ofdacarbazine antineo
plastic therapy was started.

Disagreement in the rating of [â€˜311]MIBGuptake by
the two nuclear medicine physicians occurred in only
one case and the blinded reader's rating was used. The
final column in Table 1 shows that all ofthe carcinoids
of midgut origin which gave positive scans were rated
3 (intense). The final column in Table 2 shows that the
three carcinoids of foregut origin that had uptake were
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lack a neuronal pump mechanism; however, at the
present time there is no data to confirm or reject this
hypothesis.

It is interesting to compare our observations on the
use of [â€˜31I]MIBGin patients with metastatic carcinoid
tumors with the more extensive experience with this
compound in patients with metastatic pheochromocy
tomas. Adequate [â€˜311]MIBGfor scintiscanning was
concentrated in the tumor of 26 of 30 patients with
malignant pheochromocytomas (16). However, be
cause [â€˜311]MIBGis excreted by the kidney, abdominal
CT was more effective in localizing pheochromocyto
mas in the renal hilus than [â€˜31I]MIBGscans (16). The
authors of this study point out that there is a comple
mentary role for CT and [â€˜31IJMIBGscans in the diag
nosis of malignant pheochromocytomas ( 17). Further
experience may indicate that this may also be the case
in the diagnosis of metastatic carcinoid tumors.

Occasional patients may develop the carcinoid syn
drome from midgut tumors in the absence of hepatic
metastases (18). Because the primary midgut carcinoid
tumor is usually small, superior mesenteric arterio
grams may be needed to localize the tumor prior to
surgery (18). Since we were able to identify carcinoid
tumor in lymph nodes with [â€˜31IJMIBG,it may also be
possible to identify some primary carcinoid tumors with
this compound. In this report, however, we successfully
imaged the primary tumor only in Patient 15. This may
be because the primary carcinoid tumors had been
resected in many of our patients. In addition, one can
speculate that the large amount of [â€˜3I]MIBGuptake
in the extensive hepatic metastases of our patients may
have obscured the uptake of this compound by their
small primary tumor.

Larger doses of [â€˜3I]MIBG have been administered
to five patients with metastatic pheochromocytomas to
deliver therapeutic amounts of radiation to the tumor
(19). Two of these patients had a worthwhile clinical
response to this therapy. Although the percentage of
pheochromocytomas that are malignant ranges from
1% to 13%, all midgut carcinoid tumors must be con
sidered at least potentially malignant (20). In addition,
carcinoid tumors occur substantially more frequently
than pheochromocytomas. Thus, it will be worthwhile
to determine if [â€˜3I]MIBGmight deliver effective ra
diation therapy to metastatic carcinoid tumors.
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rated as one or two. One gastric carcinoid tumor and
all five bronchial carcinoid tumors were rated 0.

DISCUSSION

Iodine-l 3 1 MIBG is an agent that can be used to
image a variety ofendocrine tumors, such as pheochro
mocytoma (1,2) neuroblastoma (8,9) and medullary
carcinoma ofthe thyroid (10,11). Studies with cultured
bovine adrenal medullary cells demonstrate that [â€˜@â€˜IJ
MIBG and norepinephrine are taken into cells by both
a sodium dependent and a sodium independent process
(12). It is likely that the sodium dependentâ€”or neu
ronal-pump uptakeâ€”is the more important process for
concentrating [â€˜311]MIBGin adrenergic cells for diag
nosis and therapy because the uptake process in cul
tured bovine adrenal medullary cells (13) and human
platelets (3), is inhibited by tncyclic antidepressants. In
addition to pheochromocytomas, neuroblastomas,
medullary carcinoma of the thyroid, and carcinoid
tumors, a variety of other tumors are thought to arise
from neural crest cells and thus may also have a neu
ronal pump mechanisms in their cell membrane. These
tumors, which are referred to as APUDOMAS (amine
precursor uptake and decarboxylation), produce a va
riety of polypeptide hormones, such as gastrin, insulin,
glucagon, vasoactive intestinal peptide, or pancreatic
polypeptide ( 14). It would certainly be worthwhile to
determine if these other tumors might also concentrate
[â€˜3I]MIBGin a similar manner to the APUDOMAS
evaluated already.

We are not certain why [â€˜31IIMIBGwas not taken up
by the carcinoid tumors of some of the patients we
evaluated. In many cases the tumor nodules were too
small to be resolved by the imaging techniques. As
normal tissue such as liver also concentrates [â€˜@â€˜I]
MIBG, there are limitations ofthe target to background
radioactivity with [1311JM1BG. Because each image al
ready takes 10 to 20 mm, it is difficult to further
lengthen this imaging time. Iodine-l23 has better radia
tion dosimetry per @tCiadministered than â€˜@â€˜I.As there
is also greater sensitivity ofgamma cameras to 1231than
to â€˜@â€˜Iemissions, the images of pheochromocytomas
obtained with [â€˜23I]MIBGmay detect some of the car
cinoid tumors that we failed to detect with [â€˜31IJMIBG.

The present study indicates that the midgut carcinoid
tumors (ileum, cecum) concentrate the [â€˜31I]MIBG
more readily than foregut carcinoid tumors (pancreas,
stomach, bronchus). A number of biologic differences
between fore and midgut carcinoid tumors have been
described previously. Foregut carcinoid tumors metas
tasize to bone, secrete 5-hydroxytryptophan rather than
serotonin, and produce the ectopic ACTH syndrome
much more frequently than midgut carcinoid tumors
(5). One might speculate that bronchial carcinoid tu
mors are unable to concentrate [â€˜31I]MIBGbecause they
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