
time of 2â€”3hr (6) compared to 2â€”3mm for natural
somatostatin and has been shown to be effective in con
trolling symptoms such as flushing and diarrhea in patients
with carcinoid syndrome (7).

Substitution ofa tyrosine molecule in position 3 permits
labeling of octreotide with 123!(8). Recent studies in both
animals and humans have shown that â€˜231-octreotidesuc
cessfully imaged tumors with positive receptors for so
matostatin (9â€”14)and may be a useful tool in identifying
patients who will be responsive to octreotide therapy (11,
15,16).

The purpose of this study was to evaluate the pharma
cokinetics and dosimetry of â€˜231-octreotidein patients with
known neuroendocrine tumors and to assess the feasibility
of an â€˜311-labeledsomatostatin analog for therapeutic ap
plications in the future.

PATIENTS AND METHODS

Patients
A total of 30 patients were studied (12 male, 18 female) with

an averageage of 52 Â±14 yr. All patients had a histologically or
cytologicallyconfirmeddiagnosisof neuroendocrinetumor. No
significanthepaticor renaldysfunctionwaspresentin anypatient.
Table 1 provides a breakdown of the final diagnosis in each
patient. All patients gave informed consent. The study was ap
proved by the institutional reviewboardand the radioactivedrug
researchcommittee of Mayo Foundation.

Preparation of @l-Octreotide
Tyr-octreotide was obtained from Sandoz Research Institute

(Berne, Switzerland)and its purity confirmed by amino acid
sequence and high-pressureliquid chromatography(HPLC). In
the first 15 studies, the octreotide was labeled with 1231by the
chloramine-T reaction (1 7) using the method of Bakker et al.
(9). However, this led to large variations in labeling efficiency
and modifications were made to previously published methods
(9,18).

The principalmodification was the use of 1231(Nordion Inter.,
Ontario,Canada)in dryformto increaseitsspecificactivityover
that available in liquid form. The dry form of 1231had a specific
activity of 500 Ci/mg and a radiochemical purity of > 99.8% at
24 hr post-processing. The dry 1231was dissolved in 50 zl 0.5 M

phosphate-buffer solution and buffered to pH 7 using 1â€”2N
HCL.The Tyr-octreotide(42 @tgin 60 @ilof 0.05 M aceticacid)
was added to the 1231solution and agitated for 30 sec. Radioio

Amodifiedmethodforthepreparationofa radiolabeledanalog
of somatostatin(123l-octreotide)is described.The pharmaco
kinetics and dosimetry of this analog were evaluated in pa
tientswith neuroendocnnetumors.Thirtypatientshad multi
pIe blood and urine samples and sequentialanterior and
posteriorwhole-bodyscintigraphyup to 40 hr postinjection
of 123l-octreotide.Region of interest analysisof the whole
bodyimageswas usedto determineorganandtumordoses.
The1231-octreotidewasrapidlyclearedfromthebloodwitha
TÂ½of 10 mmbythehepatobiliarysystem.By40 hr,approxi
mately55% was eliminatedinthe feces.The gallbladderwall
received the highest dose (0.48 rad/mCi), with other organs
receiving doses of 0.12 rad/mCi or less. Tumors were identi
fied in 25 of 28 satisfactory studies. Tumor doses ranged
from 0.1 to 0.6 rad/mCi. Calculationswith 1311insteadof 1231
indicated that the gallbladder wall would receive 2 rad/mCi,
whileaveragetumordoseswouldrangefrom 0.9 to 5.0 rad/
mCi. Iodine-i23-octreotideis a usefulagent for the visuali
zationof neuroendocrinetumors.Therapidwashoutof this
agent from tumors precludesthe possibilityof radiotherapy
with1311-octreotideinthesepatients.

JNucIMed 1992;33:1613â€”1619

omatostatin is a neuroregulatory peptide, synthesized
in a wide variety of human tissues, which acts as a neuro
transmitter or hormone with systemic or local effects (1).
Cell membrane receptors with a high affinity for so
matostatin have been shown to be present in the majority
of neuroendocrine tumors including carcinoids, islet cell
carcinomas and OH producing pituitary adenomas (2,3).
Large numbers of binding sites have also been reported in
other tumors such as meningiomas, breast carcinomas,
astrocytomas and oat cell carcinomas of the lung (4).

A synthetic analog of somatostatin, octreotide (Sandos
tatin, Sandoz, Switzerland), shares common structural fea
tures, such as the site active in receptor binding, with
native somatostatin (5). Octreotide has a biologic half
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DiagnosisNo. ofpatientsCarcinoid

syndrome14Islet
cellcarcinoma14Meningioma1Pheochromocytoma1

TABLE I
FinalDiagnosisinthe 30 PatientsStudied

image for 60 mm. Data were stored on the computer in a 64 x
64 word mode matrix (Pinnacle System, Medasys, Ann Arbor,
MI). Anteriorand posteriorwhole-bodyimageswerethen ac
quired at 1, 2 and 4 hr postinjection (20 mm acquisition) and
again at 16 and 40 hr (40 mm acquisition). All whole-body
images were stored on the computer in 1024 x 256 word mode
matrix.

Iodine-123-octreotide is excreted by the hepatobiliary system.
Ifrequired, patients were given Sincalide (CCK octapeptide,0.02
iig/kg) to reduce gallbladder activity following the initial whole
body scan. SPECT imagingof the liver was performedbetween
the 2- and 4-hr whole-body acquisitions. Data were acquired on
a LFOVgamma camera(Starcam,GE, Milwaukee,WI) equipped
with a low-energy, high-resolution collimator. Sixty-four images
were acquired in a 128 x 128 matrix at 40 sec/image. The planar
images were prefiltered with a Hann filter (cut-off = 0.4 x
Nyquist) and backprojected with a ramp filter. Occasionally,
SPECTof othersiteswasobtainedto furtherevaluateregionsof
known disease or unexpected activity. In some patients, high
gallbladderactivity led to corruption ofsurrounding structuresin
the liver, despite the administration of Sincalide. To eliminate
this problem,the gallbladderwassubtractedfromthe planar data
priorto reconstructionusing the method ofGil!en et al. (19).

Blood and Urine Collection
Bloodandurinesampleswerecollectedin 10ofthe 30patients.

Bloodsampleswerecollectedat 1, 5, 10,20 and 30 mm and at
1, 2, 4, 16 and 40 hr postinjection. Complete urine samples were

also collected in 12-hr increments up to 40 hr postinjection. The
radioactivity in blood and urine was measured using a gamma
counter (Minaxi 5000, Packard,IL)and expressedas a percentage
of administered activity.

Data Analysis and Dosimetry
From the 1-hrdynamic study, a region of interest (ROI) was

drawn over the liver and a time-activitycurve was generatedto
determine the rate of uptake of â€˜23I-octreotide.

Geometric mean images were createdfrom each set of anterior
and posteriorwhole-body images. An ROI was drawnoutside the
body to determine background counts and true whole-body
counts were then calculated. Whole-body counts were then cor
rected for decay ofthe 1231and expressed as a percentage of counts
in the 1-hr, whole-body image. When the appropriate organs were
visualized, ROIs were drawn over all tumor regions, liver, gall
bladder,small bowel, upper large intestine, lower large intestine,
lungs, thyroid, kidneys and bladder. Backgroundcorrection was
performed using a region of soft tissue in the upper thigh. ROl
counts were decay-correctedand expressedas a percentageof the
whole-body counts in the 1-hr image. The biological half-times
and intercepts for the above organs and the whole body were
calculated using the PLOT subroutine of MIRDOSE (20). The
effective half-time and interceptwere used in the following equa
tion to obtain the residence time, r, for each organ:

â€˜r1.443 Te f,

where T@is the effective half-time for each compartment and f is
the intercept ofthe compartment. Organ dose (D) was calculated
by the absorbed fraction method (21), using the MIRDOSE
program,by summing the contributions from each organ:

D =@ r S,

dination was initiated by the addition of chloramine-T solution
(50 mg in 2 ml of0.05 M phosphate buffer, pH 7.5â€”7.8)and the
solution was vortexed for 1 mm. To avoid nonspecific damage
to the peptide, the optimum ratio of chloramine-Tsolution-to
1231 solution was found to be l:235. lodination was terminated

by the addition of 1 ml human serum albumin (10%). After
vortexing for 30 see, 10 ml of 0.05 mM ammonium acetate was

added.

Purification and Qualfty Control of @l-Octreotide
The 1231-octreotideiodinationsolutionwas purifiedusinga

SEP-PAKCl 8 cartridge(WatersAssoc,Milford,MA).The car
tridgewas presterilizedwith 5 ml 70%ethanol and activatedwith
5 ml 2-propanol. After application of the solution, the cartridge
wassuccessivelywashedwith 5 ml fractionsof distilledH2O,0.5
M acetic acid and 96% ethanol. The ethanol fraction was evap
oratedat 40â€”50Â°Cundernitrogenflowand redissolvedin 2â€”5
ml of 0.05 M acetic acid in 0.9% NaC!. The â€˜23I-octreotide
solution was then passed through a 0.2 @imfilter (Acrodisc 13,
Gelman Sciences, Ann Arbor, MI) prior to quality control and
injection.

The 123I-octreotidepreparationwasanalyzedusinga reversed
phase column HPLC systemas describedpreviously(9). Eluant
radioactivity was measured with a Nal probe connected to an
analyzer(Model 427, Beckman Instruments,San Ramon, CA).

Patient Preparation and Injection
All patients who were taking octreotide therapeuticallywere

requested to discontinue treatment for a period of 3 wk prior to
the startof the study. Five drops per day of Lugol's solution was
administered1day prior to and for 3daysfollowingthe injection
of â€˜23I-octreotide.The injected activitieswere 13.1 Â±5.8 mCi
(mean Â±s.d.), with a range of 2.1 to 22.2 mCi, in the first 15
patients, and 18.5 Â±2.7 (mean Â±s.d.) with a range of 14.7 to
24.0 mCi in the remaining15 patients.Poorlabelingefficiency
and low injectedactivitiesleadto suboptimalimagequalityin
two of the first 15 cases and analysisof these data has been
excluded from the results. Depending upon the labeling effi
ciency, patientsreceivedlessthan 35 @gofradiolabeled octreotide.
The radiopharmaceuticalwas injected via a peripheralarm vein
over a 5-mm period. Starting 4â€”6hr after injection of the 1231
octreotide,four litersofGolytelywereadministeredorallyovera
2-4-hr period to aid in the clearance ofradioactivity excreted into
the bowel via the hepatobiliarysystem.

Patient Imaging
Planar images were acquired using a dual-headed gamma

camera system(Bodyscan,SiemensGammasonics,Des Plaines,
IL). The gamma camera heads were equipped with low-energy,
high-resolution collimators and images were acquired using a
20% windowcenteredon the 159keV emissionfrom 1231Fol
lowinginjection,imagesofthe abdomenwereacquiredat 1minI
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where S is the targetorgan dose-rate per unit of activity in each
organ.The effectivedose equivalentwascalculatedby the method
of ICRP 26 (22).

In MIRDOSE, the dynamic bladdermodel was utilized with a
voiding interval of 4.8 hr and the results compared to those
obtained with the ROI data. MIRDOSE also allows the selection
of a gastrointestinal (GI) kinetics model described in ICRP 30
(23). Normal GI kinetics were assumed and the ICRP kinetics
model was utilized and compared to dose estimates computed
from ROl data.

For all tumors, the height and width of the lesions were
measured from the appropriateanterior or posterior image and
tumor volume calculated by assuming a spherical, ellipsoidal or
cylindrical shape for the lesion. It is recognized that this method
is not ideal and provides, at best, a crude estimate of tumor

volume.
With the assumption that the biological behavior of radioio

dinated tyr-octreotideis independent of the isotope used, organ
and tumor doses for â€˜31I-octreotidewere calculated from the
biological data obtained from â€˜23I-octreotide.For â€˜@â€˜i,it was
assumed that all beta energy (mean = 0.19 Mev) would be
absorbed in the tumor. The beta dose, R@,was calculated from
the following equation:

Re 73.8 (0. 19 Mev) T@,

where T@is the effective half-time, in days, of â€˜@â€˜Iin the tumors.
For gamma rays, absorbed fractions were estimated from Table
8, MIRD Pamphlet 2 (24), for tumor sizes that approximate
those in study patients and used to compute the gamma raydose
R@to thetumor.Thisdosewasaddedto thebetaabsorbeddose
for each tumor to give total tumor dose in g-rads/@iCi.

RESULTS

Labeling Efficiency
In the first 15 patients, 33.7% Â±12.4% was recovered

as â€˜23I-octreotidein the 96% ethanol solution. Hence,
initial activities of 60 mCi 1231were required per study.
With the modifications to the labelingproceduredescribed
above, the recovered activity increased to 65.6% Â±5.4%
in the remaining 15 patients, requiring an initial activity
of only 30 mCi per study. HPLC analysis showed 99.2%
Â±0.8% ofthe injected activity to be â€˜231-octreotide.

Pharmacokinetics
Results from the 10 patients in whom complete blood

and urine samples were obtained are presented in Figures
1â€”2.Figure 1 shows the percent injected 123!in whole
blood and the initial hepatic uptake of 1231over the first
60 mm postinjection. Activity left the vascular compart
ment with a calculated TÂ½of 10 mm with only 10%
remaining after 1 hr. Thereafter blood activity decreased
more slowly with approximately 4% present at 24 hours
postinjection. Peak hepatic uptake occurred approxi
mately 20 mm postinjection and thereafter washed out
with a TÂ½of 105 Â±35 mm (mean Â±s.d.).

Figure 2 shows the whole body distribution of I23J@
octreotide over a 40-hr period. The combined whole body
and urine activity at 1 hr postinjection was considered to

A1@

@8o

@4o

!-20
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Mâ€¢anÂ±SD

20

Time after Injection, hr

30 40

0 10 20 30 40 50 60

Time after injection, mm

B'tm

80

Â±I SD

20

10 20 30 40 50 60

Time after mnjection,man

FIGURE I. (A)Percentoftheinjectedactivityof1231-octreotide
in whole bloodover the first hour postinjection.(B) Relative
uptakeof123l@,frec@j@intheliverfollowinginjection(normalized
tomaximumhepaticactivityforeachsubject).

represent 100% of the injected activity. The difference
between the combined whole body and urine activity at
other times postinjection was attributed to loss of activity
in the feces. Fecal excretion was the principal mode of
elimination from the body, with approximately 55% lost
in the feces by 40 hr postinjection.

Figure 3 presents examples of anterior and posterior
whole-body images of â€˜23I-octreotidedistribution at 2 and
40 hr postinjection in a patient with islet cell carcinoma
of the pancreas. The patient had multiple liver lesions
demonstrated on CT and MM scans. Scintigraphy failed
to show these lesions, but the images are useful in dem

FIGURE 2. Distributionof @l-octreotidein the wholebody,
urineand feces over the first 40 hr postinjection.
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FIGURE 3. Anteriorand posteriorwhole-bodyimagestaken
at (A)2 hrand(B)40 hrpostinjectionillustratethebiodistribution
of 123l-octreotide.

onstrating the changing whole-body distribution of 123I
octreotide over time. On the 2-hr images (Fig. 3A), there
was intense gallbladderactivity along with activity in the
liver, bladder, kidneys and lungs. There was no significant
activity in the bone marrow or any other soft-tissue region.
The 40-hr images (Fig. 3B) show activity primarilylocated
in the large bowel, with activity still present in the liver
and kidneys. Activity can also be seen in the thyroid.
Thyroid uptake was seen on several patients despite ade
quate blockage with Lugol's solution. This may be due to
the presence ofsomatostatin receptors in the thyroid gland.

The biodistribution of 1231-octreotidein the 28 patient
studies is shown in Figure 4. Approximately 20%â€”30%
appears in the liver and gastrointestinal system (Fig. 4A),
with less than 4% in the kidney and bladder. Lung uptake
was noted in the early (1â€”4hr) images (Fig. 3), however
the values of 3%â€”4%presented in Figure 4B may be an
overestimation since no attenuation correction was ap
plied to the data.

Figure SA shows the â€˜23I-octreotideimages taken 4 hr
postinjection in a patient who developed omental metas
tases 2 yr after resection of a small bowel carcinoid. The
patient developed progressive carcinoid syndrome with
extensive hepatic metastases seen on CT scan, which were
also seen on SPECT somatostatin images (not shown).
These lesions are just discernable as areas of irregular
activity in Figure 5A. Uptake was also seen in the medias
tinum, left supraclavicular region and right femur. A sub
sequent bone scan (Fig. SB) confirmed the lesion in the
right femur to be an osseous metastasis.

In the 28 patients, 22 had positive scans with uptake in
hepatic tumors (17 patients) and nonhepatic tumors (10
patients). Three patients showed photon-deficient uptake
in known tumor regions and three patients had negative
scans. Estimatedtumor volumes were 14.6 Â±18.2 g (range

0
0 10 20 30 40

Time after injection, hr

FIGURE 4. Meanvaluesin 28 patientsof the percentof the
injectedactivityof123l-octreotidein(A)theliverandgastrointes
tinal system and (B) the lungs, thyroid and genitounnarysystem
overthefirst40 hr postinjection.

1â€”59g) for nonhepatic lesions and 385 Â±433 g (range 9â€”
1130 g) for hepatic lesions. For analysis of washout of
activity from tumors, the percent uptake of â€˜231-octreotide
in 25 nonhepatic lesions and 6 hepatic lesions was meas
ured over the 40-hr scanning period. Figure 6 indicates
that washout of activity from tumors was similar for both

FIGURE 5. (A)Anteriorandposteriorwhole-bodyimagesat 4
hr postinjection.Uptake is seen in the mediastinum,the left
supraclavicularregionand the proximalrightfemur. (B) Bone
scan demonstrates a focal area of increased uptake in the
proximalrightfemur correspondingto the metastatic lesionseen
on the 123l-octreotidescan.
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TABLE3Estimated
Mean Organ Dose from 1311-OctreotideBased on

the KineticBehaviorof @I-OctreotideandComputedUsingROI
Data(AOl)andICRPGastrointestinalKineticMOdel+MIRDOSE

DynamicBladderMOdel(Gl/DBM)AOl
GI/DBMTarget

organ rad/mCirad/mCiGailbiadderwall

2.172.37Liver
0.330.39Small

intestine 0.441.67Upper
large intestine 0.326.40Lower
largeintestine 0.3216.40Kidneys

0.490.58Urinary
bladderwall 0.460.69Thyroid

0.500.50Lungs
0.220.22Breast
0.090.09Ovaties
0.150.83Testes
0.100.16Redmarrow
0.250.13Bone

surfaces 0.17 0.11

a Livertumors
U Non-liver tumors6

TABLE2Estimated
Mean OrganDoseand EffectiveDosefrom123IOctreotide

Computed Using AOl Data (AOl) andICRPGastrointestinal
KineticModel+ MIRDOSEDynamicBladder

Model (GI/DBM)ROl

GI/DBMTarget
organ rad/mCired/mCiGallbladder

wall 0.480.53Uver
0.100.11Small

intestine 0.110.32Upper
largeintestine 0.100.77Lower
largeintestine 0.080.86Kidneys

0.120.14Urinary
bladderwall 0.070.10Thyroid

0.110.11Lungs
0.060.06Breast
0.020.03Ovaries
0.060.19Testes
0.030.04Redmarrow
0.040.05Bone

surfaces 0.060.07Effective

doseH(E)female 0.080.22Effective
doseH(E)male 0.07 0.18

4

TABLE4Estimated
Tumor Dosefor 1311-OctreotideExpressedas g
radper @Ciof Activityin theTumorHepatic
Nonhepatic.

tumors tumors

Tumorsize(g)
R@ R@+@ R@R@+@2

0.2 8.8 0.212.920
0.9 9.5 0.913.650
1.1 9.7 1.113.8150
1.510.1350
2.110.7700
2.611.21100
3.011.6Largest

nonhepatictumorwas59 g.

2

0 10 20 30 40

Time after mnjectmon,hr

FIGURE 6. Uptakeand washoutof 120l-octreotidein hepatic
and nonhepatictumors.Resultshavebeennormalizedto %ifl@
jected activity per 100 g tumor tissue (for Clarity,only mean +
s.d. isshown).

hepatic and nonhepatic lesions, with a biological half-time
of approximately 15 hr for hepatic tumors and 22 hr for
nonhepatic tumors. However, tumor uptake per gram of
tissue was greater (by a factor of approximately 6â€”7)in
nonhepatic lesions as compared to hepatic lesions.

Dosimetry
Table 2 presents the absorbeddose estimates in various

organs and the effective dose for â€˜231-octreotide.The high
est dose is to the gallbladderwall with an absorbed dose
ofapproximately 0.5 md/mCi. Results obtained using the
MIRDOSE bladder model gave a dose of 0.066 rad/mCi
to the bladder wall. This value compares well with the
value of 0.068 rad/mCi obtained from the ROl data. The
ICRP model of 01 kinetics gave dose estimates to the
upperand lower largeintestine, which were approximately
an order of magnitude larger than those computed from

the ROl data (Table 2). The mean effective dose for the
28 studies was in the range 0.07â€”0.22 rem/mCi, which
compares favorablywith other radiopharmaceuticals.

Tumor dose (data not shown) varied with tumor loca
tion (hepatic versus nonhepatic) and was reduced by a
factor of 3 in large hepatic lesions (>150 ml) relative to
nonhepatic lesions. The tumor doses ranged between 0.1â€”
0.6 rad/mCi, which are not significantly larger than the
dose to the gallbladder.

Table 3 presents the dose estimates to the body from
â€˜31I-octreotide,calculated using the biological data from
â€˜231-octreotide.From the ROl data, the highest dose is to
the gallbladderwall, which receives a dose of 2.2 rad/mCi.
Under conditions where normal 0! kinetics are applicable,
the highest dose is to the lower large intestine, which
receives a dose of 16.4 md/mCi.

Table 4 shows the calculated absorbed dose to tumors
for â€˜311-octreotide,expressed as g-rads per @Ciof activity
in the tumor. Using average tumor volumes of 20 g and
350 g, and uptakes of 5.5% and 0.8% per 100 g tumor

Dosimetryof 1231-Tyr-3-Octreotideâ€¢O'Connoret al 1617



tissue for nonhepatic and hepatic tumors respectively, the
average tumor doses were calculated to be 5 md/mCi and
0.9 md/mCi for nonhepatic and hepatic lesions, respec
tively. These tumor doses are of the same order of mag
nitude as doses to targetorgans.

DISCUSSION

A review of our labeling procedure indicated that the
radioiodination of tyr-octreotide was best performed in a
small volume (30â€”200@d)to permit efficient radioiodina
tion of minute amounts of protein/peptide. Bakker et al.
(9) observedsomeinstancesoflowlabelingyields(<5%)
with â€˜23I-octreotidewhich they attributed to other iodine
impurities and the low specific activity of 1231(<100 Ci!
mg). We experienced similar problems, which were re
solved by the use of very high specific activity 1231.The
high peptide-to-iodine ratio (4200:1) not only favors a
higher radioiodination, but also avoids the formation of
di-iodinated tyr-octreotide (9). Furthermore, the concen
tration and duration of exposure of the tyr-octreotide to
chloramine-T was kept to a minimum to avoid nonspecific
damage to the protein/peptide.

The HPLC analysis indicated that the radioiodinated
peptide separated by SEP-PAK C18 cartridge contained
very high purity â€˜23I-octreotide.This suggests that SEP
PAK C18 chromatography can be utilized for the purifi
cation and quality control of â€˜231-octreotidewithout the
additional need of using a HPLC system.

While the initial in-vivo behavior of â€˜231-octreotideas
shown in Figure 1 is similar to that reported by Bakker et
al. (12), we found significant differences in the pathway
by which the radiolabeled somatostatin was eliminated
from the body. The study of Bakker et al. (12) found a
high urinaryexcretion (approximately 45% in the first 30
hr) with little or no fecal excretion ofthe â€˜23I-octreotidein
patients with normal gastrointestinal function (i.e., no
previous intestinal operations). They concluded that the
radiolabeled octreotide was hydrolyzed in the intestines
and the degradationproducts reabsorbed.In contrast, our
results indicated that fecal excretion accounted for 55% of
the administereddose over the first40 Kr,with only 15%-
20% accounted for by urinary excretion (Fig. 4). Activity
in the largebowel was commonly observed in the 16- and
40-hr images (Fig. 3), and could sometimes be seen in the
4-hr images (Fig. 6). The main reason for these discrep
ancies may be due to the use in this study of a cathartic
(Golytely) that induced water diarrhea and would have
shortened the residence time of radioactivity in the small
and largebowel. This shortened residence time would also
have reduced the degree to which the â€˜23I-octreotidecould
be hydrolyzed and reabsorbedin the intestines.

The use of simultaneous anterior and posterior whole
body imaging permitted a more accurate estimate of the
biodistribution of â€˜23I-octreotidethan previously reported
(12). While most activity was localized in the 01 system,
uptake was also seen in the genitourinary system and in

the lungs (Fig. 3). At present, we do not have a satisfactory
explanation for this pulmonary uptake. Dose estimates to
various organs in the body, based on ROl data, indicate
that the highest dose is to the gallbladder wall which
receives a dose of480 mrad/mCi (Table 2). This is in good
agreement with the value of 440 mrad/mCi obtained by
Bakker et al. (12). The 01 kinetic model from ICRP 30
indicates that the highest dose should be to the upper and
lower large intestine, which would receive approximately
800 mrad/mCi (Table 2). This more conservative dose
estimate assumes that normal gastrointestinal kinetics are
applicable. However, due to the administration of a ca
thartic, our results would indicate that gastrointestinal
transit is more rapid than normal and consequently the
1CM' 30 kinetic model is not applicable in this study.
Hence, the use of a cathartic has two primary benefits in
â€˜231-octreotidescintigraphy: reduced background activity
in the abdominal region and a major reduction in the
radiation dose to the small and large intestines.

The uptake and washout of â€˜231-octreotidein tumors
was very similar to that seen in the liver and gastrointes
tinal tract, with the maximum uptake occurring between
1-4 hr postinjection. We found a significant difference in

the absolute uptake of â€˜231-octreotideby hepatic and non
hepatic tumors (Fig. 6). This may be due to differences in
tumor cell density in hepatic versus nonhepatic lesions.
The results presented in Tables 3 and 4 indicate that the
average tumor dose with â€˜311-octreotideis of the same
order of magnitude as doses to the gallbladder, kidneys
and thyroid, due to the similarity in kinetics of â€˜231-octreo
tide in normal body organs and in tumors. Hence, the
therapeutic application of tyr-octreotide labeled with 131!..
or 125!does not appear feasible. It is possible that other
formulations of radiolabeled somatostatin, with longer
tumor retention times, may have potential therapeutic
applications.

The feasibility of labeling somatostatin or an analog of
somatostatin with other radioisotopes has been investi
gated by several groups, and initial studies with both â€˜@ â€˜In
(25,26) and @mTc@1abeledanalog of somatostatin (27)
have shown promising results. In particular, results with
IIâ€˜In-DTPA-octreotidehaveindicatedthatthisagentmay
be superior to â€˜231-octreotide,due to reduced background
activity in the abdomen and consequential improvement
in the visualization ofabdominal lesions (26).

In conclusion, we have found that â€˜23I-octreotideis a
useful agent for the visualization of neuroendocrine tu
mors. It demonstrates a favorable dosimetry, comparable
to many existing diagnostic radiopharmaceuticals.Itsrapid
uptake permits imaging within 1-4 hr postinjection. How
ever, the rapid washout of this agent from the tumor site
precludes the possible therapeutic applications of tyr-oc
treotide radiolabeled with isotopes such as â€˜@â€˜Ior 1251.
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CORRECTION

In the July issue ofthe Journal, the title ofthe article by Mehta et al. (pages
1373-1 377) was printed incorrectly. The corrected title is: In-Vivo Identifi
cationofTumorMultidrugResistancewith3H-Colchicine.




