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Carcinoid tumors can produce serotonin (5-hydroxytryptamine)
and catecholamines from the precursors tryptophan and tyro-
sine. Our aim was to evaluate the tyrosine analog L-3-[*23]]iodo-a-
methyltyrosine (IMT) in the detection and the determination of
biochemical activity of these tumors in comparison with In-
labeled [diethylenetriaminepentaacetic acid (DTPA)-p-Phel]-
octreotide (*'In-octreotide) scintigraphy. Methods: SPECT and
planar whole-body imaging were performed 15 min after adminis-
tration of 300 MBq IMT in 22 patients with metastatic carcinoid
tumors. The number of lesions detected was compared with the
number detected by 'In-octreotide scintigraphy. The size and
intensity of uptake of all lesions were graded using a simple
scoring system, yielding a total body uptake score for both
tracers. These scores were compared (nonparametric correla-
tion) with biochemical markers of serotonin and catecholamine
metabolism. Results: IMT SPECT detected only 63 of 145
lesions detected by In-octreotide imaging (43%). IMT SPECT
performance was best in the liver (60% detection rate). Both IMT
uptake and In-octreotide uptake scores correlated with mark-
ers of serotonin metabolism (respective values for urinary 5-hy-
droxyindoleacetic acid: r = 0.67 and 0.48, P < 0.001 and 0.05;
for urinary serotonin: r = 0.56 and 0.40, P = 0.002 and 0.05; and
for platelet serotonin: r = 0.57 and 0.45, P < 0.01 and 0.05). No
correlation with adrenaline or noradrenaline metabolites was
found. However, IMT uptake, but not lIn-octreotide uptake,
correlated with dopamine metabolite excretion (homovanillic
acid: r = 0.60, P < 0.05; and dopamine relative sum: r = 0.61,
P < 0.05). IMT uptake was higher in patients with increased
dopamine metabolite excretion (P = 0.05). Conclusion: IMT
uptake can be demonstrated in carcinoid lesions, but the method
detected only 43% of carcinoid lesions that were positive on
Wn-octreotide scintigraphy. Uptake of both tracers is related to
the serotonin secretory activity. However, IMT uptake, but not
1n-octreotide uptake, was related to tumor dopamine metabo-
lism. These findings may be of interest in the metabolic targeting
of carcinoids.
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Carcinoid tumors are neuroendocrine tumors that can
occur anywhere in the human body and are traditionally
described as originating from the foregut, midgut, or hindgut
(1). These tumors are thought to be derived predominantly
from enterochromaffin cells. These cells possess the specific
property to take up and decarboxylate amine precursors and
usually produce a variety of peptides and biogenic amines,
of which serotonin (5-hydroxytryptamine) is the most promi-
nent @). When these generally slowly growing tumors have
metastasized, secretory products are no longer subject to
primary metabolization in the liver, enter the systemic
circulation, and can cause the carcinoid syndro8)eThis
syndrome is characterized by flushing, diarrhea, and, less
commonly, wheezing, right heart-valve fibrosis, or pellagra
(4,5). These symptoms are often the first clinical manifesta-
tion of the tumor, although in some cases the primary tumor
in the abdomen may cause early mechanical symptdins (
When the disease has metastasized, partial liver resection or
transplantation may be curative in selected patients, but, in
general, curative treatment (surgery) is no longer possible
(6). Treatment is then aimed at tumor load reduction,
inhibition of secretion, and symptom managemét (
Biochemical measurement of secretory products and
imaging studies are important investigations in diagnosing
and staging carcinoid tumors. Biochemical measurements
include analysis of metabolites from the serotonin and
catecholamine metabolic pathways and measurement of
various gut hormones. Quite specific for the often dominat-
ing serotonin secretion is measurement of urinary 5-hydroxy-
indoleacetic acid (5-HIAA), the main serotonin metabolite
(Fig. 1). Imaging of carcinoids has greatly improved since
the introduction of somatostatin receptor scintigraphy with
In-labeled [diethylenetriaminepentaacetic acid (DTBA)-
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FIGURE 1. Major steps in serotonin metabolism (A) and simplified overview of catecholamine metabolism (B) show only most
important enzymes and metabolites. TRP = tryptophan; 5-HIAA = 5-hydroxyindolacetic acid; AADC = aromatic L-amino acid
decarboxylase; MAO = monoamine oxidase; PHE = phenylalanine; TYR = tyrosine; DOPA = 3,4-dihydroxyphenylalanine; DA =
dopamine; NORADR = noradrenaline; ADR = adrenaline; DOPAC = 3,4-dihydroxyphenylacetic acid; 3-MT = 3-methoxytyramine;
HVA = homovanillic acid; NM = normetanephrine; M = metanephrine; VMA = vanillylmandelic acid; MHPG = 3-methoxy-4-
hydroxyphenylethylene glycol; DBH = dopamine-B-hydroxylase; PNMT = phenylethanolamine-N-methyltransferase.

Phé]-octreotide {lin-octreotide). Together with varioustreatment effects because the size of carcinoid lesions often
radiologic methods (CT, sonography}lin-octreotide scin- does not change despite metabolically effective theraBly (
tigraphy is a reliable and effective method to visualiz&herefore, the search continues for better methods to detect
carcinoid tumor locations throughout the bo@y10. and evaluate treatment effects on these tumors. Methods
Despite improved imaging, the effects of treatment atesing radiolabeled metabolic precursors are potentially
difficult to monitor. Althought*lin-octreotide scintigraphy is suitable for this purpose.
effective in staging, conflicting data exist regarding the Radionuclide imaging using3-[*23]iodo-a-methyltyro-
relation between somatostatin receptor expression and sesiee (IMT), a modified amino acid that is avidly taken up in
tory activity: Although secretory activity clearly decreasesany malignant tumors, could therefore be of interest
under nonradioactive octreotide therapy, the uptake (if4,19. The uptake of this agent is mediated through amino
n-octreotide is unaffected or may even increake 2. acid transport system4,17. Transmembrane transport of
Radiologic techniques are also less reliable for monitoriregnino acids has to be greatly increased in actively secreting
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carcinoid tumors. Usually the amino acids tryptophan (préermed free'?. After SPECT, a whole-body scan was acquired
cursor for serotonin synthesis) (Fig. 1A) and tyrosingsing 3 adjacent spot views. A large field-of-view, double-head
(precursor for catecholamine synthesis) (Fig. 1B) share ta@mma camera (MULTISPECT 2; Siemens Inc., Hoffman Estates,
same membrane transportdg). Because IMT also enters!b) was used with a medium-energy, all-purpose collimator and a
cells through this transporter as an analog of tyrosirg”? Window centered on the 159-keV photopeakdt System

s . . . ._resolution was 12-mm full width at half maximum at a 10-cm
(16,19, the artificial amino acid IMT might be taken up INyistance.

carcinoid tissue, especially when catecholamines are proy\t specT included 64 projections (2 32; 5.6°/step) of 30-s

duced. _ _ _ duration each in a 12& 128 matrix format. Spot views lasted 10
Therefore, we performed a study in patients with metastgin and were recorded in a 128 matrix. The total scan procedure

sized carcinoid tumors to assess whether IMT is taken upttibk ~60 min. Transaxial tomograms were reconstructed without
these lesions and, if so, whether uptake is related peefiltering using filtered backprojection with a Butterworth filter
serotonin and catecholamine secretory activityin- of sixth order and a cutoff frequency of 0.275 Nyquist. Attenuation
octreotide scintigraphy was used as the reference methoddeirection was performed for abdominal SPECT studies using
lesion detection. Secretory activity was assessed by biochefiang’s method with an attenuation coefficient of 0.11/cm.

cal analyses of blood and urine for serotonin, catechak, otreotide Imaging

amines, and their metabolites. Twenty-four hours after administration of 200 MBHln-

octreotide (Octreoscan; Mallinckrodt, Petten, The Netherlands),

MATERIALS AND METHODS planar total-body scans (3 spot views of 10 min in a 128 matrix)
Patients were obtained using the same camera/collimator system as that

Twenty-two patients (10 men, 12 women: mean age, 63 y; a ged for the IMT studies. Both 173- and 247-keV photopeaks of
range, 43-76 y) with a metastasized carcinoid tumor of midgut'" Were used (15% windows for each). In addition, SPECT
(n = 20) or hindgut (n= 2) origin were included in the study. The @cquisition and processing were performed using the same specifi-
primary carcinoid tumor had been removed in all patients. Afjations as those for IMT with the exception of a Butterworth cutoff
patients had a histologically proven carcinoid tumor in at least/iter frequency of 0.35. Additional 48-h images were recorded,
location. Patients were recruited between August 1997 and FebY’dlSn necessary, because of interfering bowel activity
ary 1999 at the outpatient clinic of the Groningen University . In-octreotide imaging was performed within 14 d of the IMT
Hospital with a referral function in diagnosis and treatment ofc@nning in 17 patients. In 12 of these patieHttn-octreotide was
carcinoid tumor patients. Symptoms and use of medications wé@dministered immediately after the end of the IMT procedure with
noted at inclusion. All medications were continued during thinaging on the next day. The preceding IMT scanning did not alter
period of the IMT and*lin-octreotide study and during biochemi_llqn-octreotlde images because of the rapid excretion of IMT and
cal measurements. Written informed consent was obtained from @ 1ack of significant overlap between th&1 and the *in
patients. The study was approved by the medical ethics commiti¥dows. Inthe 5 patients with longer intervals (14, 26, 52, 85, and

of the Groningen University Hospital. _120 d), we verified thgt no change in medical treatment_had_been
introduced, no operations had been performed, the entire disease
IMT Synthesis progression was slow in comparison with the interval, and biochemi-

Synthesis of IMT was performed as described by Krummeich eal secretory activity had not changed.
al. (19) with minor modifications. Briefly, IODO-GEN (Pierce, )
Rockford, IL) iodination with N&3 (t;, = 13.2 h; Amersham Image Interpretation
Cygne, Eindhoven, The Netherlands) of the precursat- All IMT and In-octreotide images were read without knowl-
methyltyrosine was performed in a borate buffer. IMT was purifiegdge of other imaging and biochemical information. For both
by elution with saline containing 5% ethanol over g GepPak tracers, the number of lesions was scored for 3 region categories:
cartridge (Waters, Milford, MA) preconditioned with 100% ethanoliver, abdominal, and extra-abdominal. An uptake score was
followed by saline containing 5% ethanol. After filtration through #stablished for each lesion, with uptake intensity and lesion size
sterile 0.22-um Millex GV filter (Millipore, SA, Molsheim, France), graded as follows: 1 point, small lesior:g cm) with low uptake
a colorless, ready-to-inject solution was obtained. Samples wégéghtly more than normal liver uptake); 2 points, either small
shown to be sterile and pyrogen free. Quality control was pelesion with intense uptake (clearly more than normal liver uptake)
formed by high-performance liquid chromatography on an RP-18 large lesion (2-5 cm) with low uptake; and 3 points, large lesion
Multisorb 100 X 4.6 mm column (Pharmacia, Woerden, Thavith intense uptake. Size estimations were based on CT or
Netherlands) using a mixture of 8, ethanol, and acetic acid Sonographic data. When lesions appeared teem or confluent,
(87.5:10:2.5 [volume/volume/volume%]) as eluent. Radiochemictiey were considered to be made up of 5-cm-unit lesions >ahd
purity was >99% in all cases; specific activity was11.1 lesion could be scored. In this way, a simple semiquantative uptake
TBg/mmol. The overall synthesis time, including purification angcore was established by grading the amount of whole-body tumor
quality control, was<1 h. The radiochemical yield was 50%—65% uptake for both tracerd!in-octreotide imaging was considered as
The reported effective dose equivalent is 2 m30) ( a gold standard for the presence of lesions.

IMT Imaging Biochemical Measurements

After at least a 5-h fast, SPECT imaging of the abdomen was As biochemical parameters for serotonin metabolism, urinary
performed 15 min after the intravenous injection of 250-300 MBgB-HIAA, serotonin in a 24-h urine collection, and serotonin levels
IMT. Fifteen minutes before tracer injection, 10 drops of Lugol'sn platelets were measured (Fig. 1A). Measurement of serotonin in
solution were given orally to prevent thyroid uptake of possiblplatelets is less influenced by dietary serotonin and is more
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sensitive for the detection of serotonin overproduction than is Biochemical analysis was performed within 1 mo of the
5-HIAA up to intermediate 5-HIAA levels 21-23. Catechol- ln-octreotide and IMT scintigraphy. All 3 markers of serotonin
amines are dopamine, adrenaline, and noradrenaline. Catechottabolism were available for all patients. One or more valid
amine metabolites were analyzed in 2 groups: the first grouparkers of catecholamine metabolism were available in 19 of 22
includes metabolites from dopamine, and the second group atients. Valid dopamine markers were available in 13 patients.
cludes metabolites from adrenaline and noradrenaline (Fig. 1BJissing values were caused by logistic problems regarding reliable
Parameters for dopamine metabolism were urinary levels wofine sampling or intervals between measurement and scans in
3,4-dihydroxyphenylacetic acid (DOPAC), dopamine, homovaniwhich the secretory pattern was not in steady state.

lic acid (HVA), and 3-methoxytyramine (3-MTR24). In addition, a -
dopamine relative sum was defined as the sum of DOPAC, HV/ ,tat'St'CS ) ) ]

and 3-MT levels, each divided by their upper normal values. It 1h€ number of lesions in each patient and the uptake scores
should be noted that the urinary dopamine concentration itself4$ing Poth tracers were compared nonparametrically with param-
influenced by renal dopamine production from other catecholamifEe"s Of serotonin, catecholamine, and dopaminergic metabolite
metabolites. Parameters for adrenaline and noradrenaline metdBY€!S using the Spearman correlation coefficient. Subgroups
lism were urinary levels of adrenaline, noradrenaline, metanegif@teécholamine-secreting carcinoid patients, patients on medica-
rines and normetanephrine, vanillyimandelic acid (VMA), an§On) were compared using the Mann-Whitniéytest. The signifi-
3-methoxy-4-hydroxyphenylethylene glycol (MHPG). Measure@nce level wab = 0.05.

ments were performed as describ28,26. Catecholamine metabo-

lites were determined in hydrolyzed urine samples and thiRESULTS

represent free and conjugated fractions. Catecholamines werergple 1 summarizes patient characteristics. In all 22
determined as free fraction. Upper reference limits were as follo atients, 1 or more lesions were found Bfin-octreotide

5-HIAA, 3.8 mmoI/mgI creatlnme;_serotonln in platelets_, _5. maging. In 18 of these patients, IMT SPECT detected
nmol/1@® platelets; urinary serotonin, 66 pmol/mol creatinine;

3-methoxytyramine, 170 pmol/mol creatinine; noradrenaline f)tlnormalities (patient-based SenSit.iViIY’ 82%)' n tOta.l’ 145
pmol/mol creatinine; adrenaline, 10 pmol/mol creatinine; dop gsions were detected Bifin-octreotide imaging, of which

mine, 300 pmol/mol creatinine; metanephrines, 70 pumol/m&3 were found to be positive on IMT imaging (overall
creatinine; normetanephrines, 260 umol/mol creatinine; HVA, slgsion-based sensitivity, 43%). On average, 6.6 lesions were
mmol/mol creatinine; DOPAC, 2.0 mmol/mol creatinine; VMA,found in each patient usingln-octreotide, and 2.9 lesions
2.5 mmol/mol creatinine; and MHPG, 1.5 mmol/mol creatinine. were found using IMT. The detection rate of IMT SPECT

TABLE 1

Patient Characteristics, Biochemical Markers, and Tracer Uptake Scores

Biochemical marker*

Uptake score

Patient  Age Relevant
no. (y) Sex Location of lesions (n) Symptoms medication 5-HIAA° HVA Meta IMT Oct
1 70 F Liver (3) Abdominal pain — 9.7t — — 0 3
2 73 M Liver, abdominal (4) Diarrhea, flushing — 15.61 — — 1 12
3 76 F Liver, abdominal, neck (10) Diarrhea, pain Interferon-a 33,5t 5.7t 72t 1 16
4 63 F Liver, abdominal, lungs (11) Abdominal pain — 18t 5.8t — 8 22
5 44 F Liver, abdominal (17) Flushing Octreotide 65.8t 5.8t 987t 11 36
6 59 M Liver (11) Flushing Interferon-a 373t 22 60 6 21
7 67 F Liver, abdominal (4) Diarrhea — 2.8 — — 0 5
8 67 F Liver, abdominal, neck (8) Diarrhea, flushing  Octreotide 10.9t 3.7 143t 4 12
9 66 M Supraclavicular (1) None — 8.9t — — 2 2
10 72 M Liver, lung (1) None — 1.1 — — 2 2
11 63 M Liver, abdominal, lungs (6) Diarrhea — 258t 2 48 2 11
12 64 M Abdominal, mediastinal (9) Diarrhea, flushing  Octreotide 7.3t — — 5 14
13 75 F Abdominal, supraclavicular (7)  Diarrhea — 4.61 — — 0 7
14 58 M Liver, neck (5) Diarrhea, flushing  Octreotide, 135t 4.5 129t 10 10
interferon-a
15 74 M Abdominal, lungs (9) Flushing Octreotide 10.5t 2.8 75t 1 12
16 58 M Liver, abdominal, bones (9) Abdominal pain — 3.4 — — 2 12
17 64 M Liver, abdominal (1) Diarrhea — 8.6t 3.1 92t 1 2
18 56 F Liver, abdominal (12) None Octreotide 51.2t — — 8 20
19 55 F Abdominal, supraclavicular (4)  Diarrhea, flushing — 21 8.1t 117t 3 11
20 50 F Abdominal (1) Diarrhea — 4.3t 6t — 0 1
21 69 F Liver (8) Flushing — 91.5f 9.8t 100t 11 13
22 54 F Liver, abdominal (4) Diarrhea, flushing — 151t 34 987t 9 5

*Selected markers: 5HIAA as serotonin, HVA as dopamine, and metanephrines (Meta) as catecholamine marker. Units are given in text.

tValue elevated.
Oct = octreotide.
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FIGURE 2. Planar images of liver and
chest in patient with small lesions of midgut
carcinoid (arrows) in right liver lobe and
- large lesion including entire left lobe. IMT
 image (A) and ln-octreotide image (B)
show same uptake pattern but higher con-
. trast for *!In-octreotide.

was best in the liver (42/70 lesions; sensitivity, 60%). In thiead abdominal pains. Three patients were completely asymp-
extrahepatic abdomen, only 9 of 44 (21%) lesions wetematic: 1 had no hypersecretion, 1 had serotonin hypersecre-
scored positive on IMT imaging; in the extra-abdominaion but used medication, and 1 had evident hypersecretion
area, 12 of 32 (38%) lesions were scored positive. In dlut no carcinoid syndrome.
patients, Min-octreotide images were of better quality Despite the low detection rate of IMT for carcinoid
because of higher contrast between lesion and backgrouledions, significant correlations were found between tumor
Carcinoid lesions that were negative on IMT imaging buMT uptake and all 3 biochemical parameters of serotonin
positive on'Hin-octreotide imaging were both small andsecretory activity (Table 2, Fig. 4). Significant, but lower,
large. Examples are shown in Figures 2 and 3. No lesioogrrelations with serotonin metabolism were present for the
with evident IMT uptake were negative dHIn-octreotide n-octreotide uptake score. No correlations were found
imaging. with catecholamine metabolites from adrenaline and nor-
On IMT images, the 8 patients using secretion-inhibitingdrenaline. However, IMT uptake, but nBtin-octreotide
medication (unlabeled octreotide or interfer@ntended to uptake, correlated with excretion of dopamine metabolites
have more lesions (4.0- 3.3 versus 1.8+ 2.0; not (Table 2). Furthermore, IMT uptake scores were higher in
significant) and higher uptake scores (8.8 versus 4.1 the dopamine-secreting subgroup than in those patients
3.7; not significant) compared with patients without thisvithout elevated dopamine metabolites (6:04.5 versus
medication. However, the difference was not significant. Gh4 = 3.0;P = 0.05).
n-octreotide images, these medication users had signifi-
cantly more lesions (10.% 3.5 versus 4.6- 3.2;P < 0.01) PISCUSSION
and higher uptake scores (1768.4 versus 7.7 6.0;P < This study reveals IMT uptake in carcinoid lesions: IMT
0.01). scintigraphy detected 43% of all lesions and 60% of liver
Twenty patients had biochemical evidence of increaségsions that were positive oilin-octreotide scintigraphy.
serotonin secretory activity (Table 1). Eleven of these alddptake of IMT was lower than uptake éflin-octreotide,
had increased levels of catecholamine metabolites. In 8le&ding to lower lesion contrast and image quality. Interest-
these 11 catecholamine-producing carcinoids (especiaihgly, despite the low detection rate, total IMT uptake was
dopamine metabolites), excretion was increased (Fig. 1). Adllated to the carcinoid biochemical activity, especially to
16 patients who were troubled by symptoms of the carcinoggrotonin and dopamine markerslin-octreotide uptake
syndrome had hypersecretion of serotonin. Three patientarelated with only serotonin metabolism.

FIGURE 3. Planar images of abdomen in
patient with metastases from midgut carci-
noid tumor in mediastinum, para-aortic re-
gion, and mesentery. (A) IMT image shows
no uptake. (B) ™n-octreotide image re-
veals intense lesion uptake (arrows).
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TABLE 2
Correlations (Spearman) Between Tracer Uptake and
Biochemical Activity

1 n-octreotide

IMT uptake uptake
Biochemical parameter r P r P

Serotonin markers

Platelet serotonin 0.57*  0.006 0.45* 0.05

Urinary serotonin 0.62*  0.002 0.44* 0.05

5-HIAA excretion 0.67* <0.001 0.51* 0.03
Dopamine markers

Dopamine -0.02 093 -0.08 0.60

DOPAC 0.47 0.12 0.26 0.41

HVA 0.60*  0.03 046 0.11

3-Methoxytyramine 0.46 0.15 0.24 0.47

Relative sum dopamine

metabolites 0.61*  0.02 0.38 0.20

Other catecholamine markers

Adrenaline -0.01 096 -0.05 0.86

Noradrenaline 0.10 0.70 -0.16 0.55

VMA 0.18 0.57 0.01 0.96

MHPG -0.28 0.34 -0.02 0.95

Metanephrines 0.47 0.14 -0.21 053

Normetanephrines 0.01 0.97 0.07 0.84

*Significant correlation.

carcinoids, the relation between IMT and dopamine metabo-
lites, which is the first catecholamine in the catecholamine
pathway (Fig. 1B), suggests that IMT serves as a false
metabolic precursor. An alternative explanation in these
latter carcinoids could be binding of IMT to the tyrosine
hydroxylase enzyme because the unlabeled compound
(methyltyrosine) is known as a catecholamine synthesis-
blocking agent through inhibition of this enzym27¢29.
Increased uptake in catecholamine-producing carcinoids
cannot be attributed to coexisting serotonin hypersecretion
because no correlations were found between markers of
serotonin metabolism and catecholamine metabolism (data
not shown).

Several reasons may explain the lack of IMT uptake in
some carcinoid lesions. First, the uptake of this potential
metabolic precursor is probably low in lesions with only
minimal secretory activity. This is supported by the positive
correlation between IMT uptake and secretory activity.
Second, interfering uptake in abdominal organs (kidneys,
bladder, intestines) undoubtedly contributes to the negative
results (especially in the extrahepatic abdomen). Third, IMT
may possibly act a false precursor for catecholamine synthe-
sis, but most carcinoids secrete only limited amounts of
catecholamine. This is supported by the higher uptake in
dopamine-producing carcinoids in this study and the correla-

How can IMT uptake in carcinoid tumors be explained? IHon with the dopamine metabolite excretion. Because both
tumor cell lines and in brain tumors, IMT is a substrate fo#mall and large lesions could be negative on IMT images,
amino acid transport systems, of which thgansporter for lesion size apparently does not influence visibility.
large neutral amino acids is the most importab6,(?.
Therefore, uptake of IMT in serotonin-producing carcinoiddieled metabolic precursor date back to the late 1960s.
as found in this study, may be increased because of increaSagtello 80) showed uptake of flJiodotryptophan in
tryptophan transport, resulting in upregulation of the sharéaiman carcinoid tumors using rectilinear scans. Macfarlane
amino acid transporterlg). In catecholamine-producinget al. 31) published studies using 32flJiodotryptophan,

Attempts to image carcinoid tumors through a radiola-

A IMT uptake vs 5-HIAA excretion B IMT uptake vs serotonin
platelet levels
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6-[*%4]iodotryptophan, andp-[*?]iodo-bL-phenylalanine, secretory products can be of interest, although not directly,
in which tumor uptake was evident in a mouse model. Thdor clinical purposes. Identification of catecholamine-
subsequent negative studies in 4 patients with carcingidoducing lesions (among others) could be relevant for
tumors using p-[*Y]iodo-bL-phenylalanine, which had selective embolization of these symptom-causing lesions.
showed the best uptake in mice, were troublesome beca@dearly, there is a need to search for better tracers in this field
of a very low dose, thé3! label, and the use of the racemicthat show higher uptake and better lesion contrast. Keeping
mixture instead of the-isomer. To the best of our knowl- therapeutic options in mind, the ideal tracer should be
edge, no other studies using labeled tyrosine (analogs) h&edectively localized and trapped in one of the specific
been performed in patients with carcinoid tumors. Interesthetabolic pathways of the carcinoid tumor.

ingly, the moleculeg-iodo-.-phenylalanine and IMT in the

current study are somewhat similar, with the differenc€ONCLUSION

being 1 hydroxy group and 1 methyl group. The artificial amino acid IMT localizes in many, but not
Since the introduction of receptor imaging within- 3|, carcinoid lesions: IMT scintigraphy detected 43% of all
octreotide, many researchers have lost interest in metabodisions and 60% of liver lesions that were positive on
targeting of carcinoids*!in-octreotide scintigraphy is aniiyn-octreotide scintigraphy. IMT uptake in lesions was
accurate method to detect metastatic carcinoid lesions witfb@er than!'4n-octreotide uptake, leading to lower lesion
sensitivity of 80%-90%§,9,32. This method often detectscontrast. Total IMT uptake was related to the carcinoid
more lesions than conventional radiologic imagir®9). secretory activity, especially to markers of serotonin and
Also, scintigraphy using metaiodobenzylguanidine (MIBGjopamine metabolism. These findings may be of interest in
is a sensitive method to detect carcinoid lesions, althougketabolic targeting of carcinoids, especially in catechol-
reported sensitivities are lower and results are more variallgine-secreting tumors, which may lead to development of
than for 1*in-octreotide 83,34. MIBG is actively trans- better tracers to follow the effect of treatment on these
ported into the cell and localizes in neurosecretory granulegmors.
Whether MIBG preferentially localizes in catecholamine-
producing carcinoids is currently unknown but appearsCKNOWLEDGMENTS
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