
from porcine duodenum by Said and Mutt (3). The peptide
has a molecular weight of 3326 Daltons and maintains a
broad range of biologic activities. Originally, VIP was char
acterized as a vasodilatory substance with potent effects on

peripheral and pulmonary blood pressures (3). VIP also
stimulates the secretion of various hormones (4â€”6)and is
responsible for the Verner Morrison syndrome in patients
with VIP-secreting tumors (7,8). Furthermore, VIP is an
important immunomodulator (9,10) and promotes growth
and proliferation of normal and malignant cells (11â€”14).
The actions of VIP are mediated by cell surface membrane
receptors. VIP receptors are widely distributed throughout
the body, including peripheral blood cells (10,11,15), the
gastrointestinal tract (15,16), lungs (17) and kidneys (18).

Recently, we were able to demonstrate that various tu
mor cells express significantly higher amounts of VIP re
ceptors as compared with normal peripheral blood cells or

tissues (11 ). The high expression of VIP receptors provided
the basis for the clinical use of radiolabeled VIP for the in
vivo localization of intestinal adenocarcinomas and endo
crine tumors (2). In a previous study of 79 patients (2), high
â€˜23IVIPscan sensitivity was found for primary or recurrent
colorectal, pancreatic and gastric adenocarcinomas as well
as for the visualization of liver and lymph node metastases.
Because most tumors co-express VIP and somatostatin re

ceptors (11 ), VIP receptor scans were also compared with
somatostatin/octreotide receptor scans in 38 patients (2). A

significant advantage of VIP receptor imaging over oct

reotide receptor imaging was demonstrable in patients with

adenocarcinomas, whereas the scanning results of both

peptide receptor scans were almost identical in patients
with intestinal endocrine tumors (2). We now present our
data on the radiochemical preparation of â€˜231-VIP,its func
tional capacity, whole-body biodistribution and radiation
absorbed dose estimates in humans.

METhODS

Radiopharmaceutical Preparation, Purity and Biological
Activity of lodine-123-V1P

VIP (H-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Arg
Leu-Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-Ile-Leu
Asn-NH2) was synthesized by peptide synthesizing machine and

This study presentsthe biodistnbution,safetyand absorbed
dose of 1231-VIPadministered to 18 patients with intestinal ad
enocarcinomas or endocrine tumors. Methods: To achieve
high-specific activity, 1231-VIPwas purified by HPLC. Following
intravenousadministration of 1231-VIP(172 Â±17 MBq (4.65 Â±
0.5 mCi);<300 pmole(<1 @g)/patiant),sequentialimageswere
recorded dunng the inftial 30 mm. Thereafter,whole-body im
ages were acquired in anterior and postenor views at various
timepoints.Dosimetrycalculationswereperformedonthebasis
of gamma camera data, urine, feces and blood activities.
Results After injection of labeled peptide, the lung was the
primary site of 123l-VIPuptake. Peak lung activity represented
40% Â±7% of the injected dose at 0.7 hr and declined to 21%
Â±7% at 3.5, to 14% Â±3% at 7 and to 8% Â±4% 22 hr
postinjection. Radioactivity was excreted into the urine and
amountedto 37% Â±16% ofthe injecteddosewithin4, 68% Â±
12%within8,82% Â±16% within16and93% Â±8% within24
hr postinjection. The mean effective half-life of 123l-VIPin the
lungs was 2.2 and 6 hr in the urinary bladder. The highest
radiation absorbed doses were calculated for the lungs [67

@Gy/MBq(248 mrad/mCi)], urinary bladder [77 1.@Gy/MBq(284
mrad/mCi)]and thyroid gland [104 p@Gy/MBq(386 mrad/mCi)J.
The effective dose was 28 pSv/MBq (104 mrem/mCi).
Conclusion: HPLC-purified1231-VIPshows favorabledosimetry
and is a safe and promisingpeptidetracerfor localizationof
tumors expressing receptors for VIP.

Key Words vasoactive intestinal peptide; receptor imaging;
adenocarcinomas;endocrinetumors

J NucI Med 1995;36:1732-1739

n the last few years, increasing efforts have been under
taken to introduce peptide receptor-specific radioli
gands,including somatostatin analogs (1 ) and VIP (2) for
the in vivo application in humans. VIP is a 28-amino acid
peptide of the glucagon-secretin family first characterized
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PatientAgeHistolOgicalSizeVIPreceptorno.
Sex (yr)diagnosis(diameter)result

TABLE I
Patients' Diagnosesand lodine-123-VIPReceptor Imaging Results

2
3

4

5

6

7
8
9

10
11

12

F 39 Pancreatic adenocarcinoma
M 63 Pancreatic adenocarcinoma
M 55 Uver metastases

pancreaticadenocarcinoma*
M 48 Uver metastases

@mphnode metastases
colonic adenocarcinoma*

M 60 Uvermetastases
colonic adenocarcinoma*

M 46 Colonicadenocarcinoma'

F 51 Pheochromocytoma
M 30 Pheochromocytoma
F 56 Suspectedpheochromocytoma
F 36 Medullarythyroidcancer
F 31 Cervical lymph node metastasis

medullary thyroid cancer'
F 39 Medullarythyroidcarcinoma'

46 IIeOCOeCaIcarcinoid
45 Pancreaticcarcinoid'

85 Carcinoidsyndrome
50 Carcinoidsyndrome
43 Gastrinoma
86 Zollinger-Ellisonsyndrome

Surgery,2 cm
CT, 4 cm
CT,1-4cm

CT,2-4 cm
CT,1-2 cm

Positive
Positive
Positive

Negative
Positive

CT,2-3 cm Positive

Negative
@erycontro@

Negative
Positive
Negative
Negative
Positive

Negative
(postsurgerycontrol)
Positive
Negative
(postsurgerycontrol)
Negative
Negative
Negative
Positivet

Surgery,4 cm
Surgery,3 cm
CT Negative
Surgery,2 cm
Surgery,1 cm

Su@ery,2cm

CTnegative
CT negative
Surgery,5 cm
CTnegative

F
M

F
F
M
F

13
14

15
16
17
18

â€˜Inthese patients, the primary tumor was resected at the time of ViP receptor scanning.
tin thispat@nt,persistentsievationofserumgastrinaswellasthepresenceofgastricandduodenalulcerationsstronglysuggestedthepresence

of a gastrinoma,buta primarytumorsitecouldnotbedetectedconventionally.ViPreceptorscanningindicateda lessoninthesmallintestine,but
surgerywas not performedbecauseof the patient'sage. ________

labeled with 123!using a modified lodogen method (19): 50 @.tgVIP
in 10 @l0.5 M phosphate buffer (pH 7.5), 10 @l0.5 M phosphate

buffer (pH 7.5) per 100 @lreaction volume, 17 ng Ki carrier in 5
j.d H202, the required activity of â€˜231-Nal(specificactivity >100
mCi/mi 0.01 M NaOH, about 0.005 nmole I/mCi; 1@I/123I< 5 X
i0@; 1241/1231< 1 x lo_6) and6 i.@glodogen(per100p.lreaction
volume) in 5 ILlphosphate-buffered saline (PBS) suspension (pre
pared freshly by dissolving 6 mg lodogen in 100 @xlacetone and
Vortex-mixing with 4900 @.dPBS). The reaction mixture (about 200

ILl,pH 7.5) was slowlystirred at room temperature for 30 mm and
injected quantitatively into a preparative HPLC system (column:
RP C18, 5 @m,4 X 250 mm;eluant: 74% (volume/volume)aque
ous TEAF (triethylammonium-formiate, 0.25 M, pH 3, 26% (vol
ume/volume) acetonitrile at 1 ml/min). After elution of the first
323IV1Ppeak,the eluantwaschangedto 60%aqueousTEAF and
40% acetonitrile. The column effluent passed through a scintilla
tion radioactivitydetector and UV (280 nm) detector in series.
The system was calibratedwith unlabeled VIP and enabled col
lection of pure radioiodinated VIP, separated from unlabeled VIP,
reagents and inorganic iodide. The eluant was evaporated at re
duced pressure, the product was dissolved in PBS containing 0.1%
(weight/volume) Tween 80 (Koch-Light Lab. Ltd., Colnbrooke,
UK) and 0.1% (weight/volume) human serum albumine (HSA).
The final productwas filtered througha sterile MillexGV 0.2 @xm
membrane (Millipore, Milford, MA).

Iodine-123-VIP was analyzed by analytical high-performance

liquidchromatography(HPLC)(correspondingto the preparative
system, however, using a dedicated analytical column). Unlabeled
VIP was determined by comparison with standards containing
trace amounts of VIP. Radiochemical composition was assessed by
the radioactive peak spectrum. Free radioiodide was determined
by horizontal zone electrophoresis on Whatman 3 MM paper, 0.1
M barbital buffer, pH 8.6, using a field of 300 V for 10 mm.

Biologic activity of the final radiolabeled product was deter
mined in various in vitro tests, including studies on DNA-synthesis
(3H-thymidine-incorporation) and 32P-ATP-induced tyrosine ki
nase activity as described previously (11,19,20). These tests were
performed using HT29 colonic adenocarcinoma cells and A431
mammary epidermoid carcinoma cells. For each series of experi
ments, about 5 x iO@cells were used. Six independent experiments

were performedwitheach cell line. Briefly,the effect of labeled or
unlabeled VIP (concentration range 0.1 to 100 nmole/liter) on
DNA synthesiswas studied after addition of 3H-thymidine(spe
cific activity 2.1 Ci/mmole, Amersham International, UK) to the
cells followingan incubationfor 6 hr and measuringthe trichlo
roacetic acid precipitable radioactivity in a liquid scintillation
counter. In the phosphorylation assay, the cells were incubated

with labeled or unlabeled VIP (concentration range 0.1 to 100
nmole/liter)for30mmat 22Â°C.Phosphorylationwasthen initiated
by addition of 100 mCi 32P-ATP (specific activity: 111 GBq/
mmole, Amersham International, Buckinghamshire, UK). After

incubation for 10 mm at 4Â°Cin PBS/Triton buffer, cells were

VIP ReceptorScintigraphyâ€¢Virgoliniet aJ. 1733



â€˜@I-vip@:

@ .@ @I'@

ra@@ ,@. â€˜@ @â€˜,.@,,

Uv 280 nm ,, ,â€˜I , â€¢%â€˜@â€˜I@ @â€˜
@@ \_@___@@.@ ,

minutes 3@O 25 20 15 10 0 05

washed twice and the extent of phosphorylation was quantified by
measuring the remaining radioactivity in a liquid scintillation
counter. The concentration causing half-maximal elevation (EC50)
was estimated from the dose-response curve.

Patients
The protocol for â€˜231-VIPadministration to patients was ap

proved by the Ethical Committee of the Medical Faculty of the
University of Vienna. All patients gave written informed consent.
Whole-body biodistribution and dosimetry of â€˜@I-VIPwere eval
uated in 18patients (Table 1)who had been referred for suspected
VIP receptor-positive tumors (211 ). Patients reported in this
study were not included in our previous article (2). To avoid
significant variations in absorbed radiation dose estimation, pa

tient selection was based on the following criteria:

1. Patients with unknown tumor masses after surgery.
2. Patients with small-sized intestinal or medullary thyroid tu

mors ( 1â€”2cm in diameter).

3. Patients with negative VIP scan results.

The study protocol included whole-body gamma camera imag
ing as well as blood, urine and feces collections over 24 hr (see
below). In all patients, diagnoses and stage of the disease were
established according to WHO criteria. The location and size of
primary tumors and/or spread of metastases were investigated by
conventional CT, radiography, colonoscopy or by surgery.

Iodine-123-VIP was administered as a single intravenous bolus
injection in 3 ml 0.9% NaC1solution (172 Â±17 MBq (4.65 Â±0.5

mCi); <300 pmole (<1 @g)VIP/patient). To record potential side
effects of VIP, blood pressure and heart rate were monitored
during peptide application. The patients received 400 mg sodium
perchiorate three times daily over 3 days and 65 mg potassium
iodide twice daily over 2 days for thyroid blockage.

Gamma Camera Imaging
Standard techniques were applied for recording and visualiza

tion. Planar and SPED' acquisitions were performed with a large
field of view gamma camera equipped with a low-energy, general
purpose collimator. At the time of â€˜231-VIPadministration, the
field of view covered the abdomen and some of the thorax, except
in three patients (Table 1) with medullary thyroid gland cancer in

whom the field of view covered the head and some of the thorax.
Sequential images were recorded every minute for 30 mm (matrix
128 x 128 pixels). Whole-body acquisition was performed simul
taneously in anterior and posterior views using a double-headed
gamma camera (matrix 256 X 1024 pixels, 20 cm/mm). Anterior
and posterior images were obtained using a parallel-hole collima
tion and a 20% symmetric energy window with a photopeak of 159
keV. Serial whole-body images were obtained 0.5â€”1,2â€”4,6â€”8and
18â€”26hr postinjection. If indicated, planar left and right lateral
acquisitions also were performed, usually after the first whole

body scan within less than 1 hr after injection (matrix 128 X 128
pixels, 300 kcts preset).

Blood, Urine and Feces Collection
Blood sampleswere collected directlybefore injectionand after

1, 3, 5, 8, 15, 20, 30, 60, 120 mm and 4, 8, 16 and 24 hr. Urine was
obtained after injection of VIP for the following intervals: 0â€”4,
4â€”8,8â€”16and16â€”24hr.In fourpatients,feceswascollectedover
a 24-hr period.

Radioactivity in blood, urine or feces was counted in an auto
matic well gamma counter and expressed as Bequerels per milli
liter. The counting efficiency of the system was determined by
counting a calibrated source of @23Iwith similar geometry to that
of the samples. Radioactivity measurements were corrected for
physical decay of 1231.Radioactivity in the urine or feces was
multiplied by the urine/feces volume to express radioactivity in the

FiGURE2. Horizontalzoneelectrophoresisof123I-VIP.Iodine
123-ViP remained at the application point, whereas I- migrated to
the indicatedzone. Radiochemicalpurity was >97% 2 hr after
labelingand remainedstablefor at least24 hr.

FiGURE 1. Preparative HPLC of 123l-VIP.After injection of
1231V1PintotheHPLCsystem,theradioactivitydetectorsignal(full
line) and the UV (280 nm) detector signal (dashed line offset to the
right) were recorded. lodine-123-VIP(2 peaks, labeled on both
tyrosineresiduesin position10 and22) collectedfromthe HPLC
system was fully separated from unlabeled \@1P.
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UnlabeledViP 1231-V1PUnlabeledViP123i-VIP@P-ATP-incorporation3H-thymidine

uptake

Thymidineincorporationwasdeterminedasa markerforDNAsynthesis,andAl? incorporationasa markeroftyrosinekinaseactivityaccording
to resultsfromourprevkusstudy(11).BothunlabeledandlabeledVIPdose-dependenflyinducedthymidineuptakeandtyrosinekinaseactivityin
M31 mammaryepkierrnoidcarcinomacellsaswellas in HT29colonicadenocarcinomacells.TheEC@values(concentrationscausinghalt-maximal
elevation)listedareof similarmagnitude,indicatingthatunlabeledandlabsiedViPdisplayedthesamebiologicalactivity.Themeanvaluesof six
independentexperimentsÂ±s.d. are listed.,6J@valuesare in nanomolesper liter.

TABLE 2
Tritiated Thymidine Uptake and Phosphorus-32-ATP-lnducedTyrosine KinaseActivity in Responseto

Unlabeledand lodinated ViP

A431cells4.8 Â±1.95.1Â± 2.06.7 Â±2.86.5 Â±3.1HT29
cells6.2 Â±2.35.9Â± 2.48.6 Â±3.27.3 Â±3.1

samples as the percent of the injected WI-VIP dose. Peptide
bound 1231in blood was analyzed using 10% (final) trichioroacetic
acid and measuring the precipitated activity in the gamma count
ing system.

Absorbed Dose Calculations
Regions of interest (ROIs) were drawn on every subject at each

time point. The geometric mean of anterior and posterior counts

was calculated for large ROIs of the lungs and urinary bladder. In
addition, ROIs were drawn for liver, kidneys, gonads and thyroid
gland using the software written for the Toshiba (Tokyo, Japan)
computer. All gamma camera data were corrected for background
counts. Time-activity curves were fitted to evaluate the fraction of
activity at reference time and effective half-life of each source

organ from the average relative ROI activities. These biodistribu
tion data as well as urine kinetics and the measured radioactivity in
the feces were used for organ dose calculation on the basis of the
MIRD concept (21 ). Radionuclidic impurities in the 1231prepa
ration were negligible and were therefore not considered in the
radiation dose calculations. Absorbed organ doses were calculated
by applying tabulated specific absorbed fractions (22) and the
LUPED Version 1.0 computer program(23). The effective dose,
as defined by the International Commission on Radiological Pro
tection, also was calculated (24).

RESULTS

Radiochemical Purity and Bioactivity of lodine-123-VIP
Using preparative HPLC, the â€˜23I-VIPproduct was ob

tamed in an average radiochemical yield of 72% (range
55%â€”80%). Both tyrosine residues of the VIP molecule (in

positions 10 and 22) were labeled with â€˜@Ias indicated in
Figure 1. Iodine-123-VIP collected from the HPLC system
was fully separated from unlabeled VIP as well as from
reagents and inorganic iodine species. The radiochemical
purity was more than 97% 2 hr after labeling; the percent
age of unbound iodide did not change over 24 hr (Fig. 2).

The biologic activity of unlabeled and labeled VIP were
almost identical as assessed by experiments on DNA syn
thesis (3H-thymidine uptake) and 32P-ATP-induced ty
rosine kinase activity (Table 2). Moreover, the binding
activity of unlabeled and labeled VIP were identical as
determined in radioreceptor assays using various specific
activities of â€˜23I-VIP(II).

After intravenous injection of â€˜23I-VIP,no side effects
were noted with the exception of transient decreases of
both systolic and diastolic blood pressures during the initial
minutes after peptide application. Blood pressure 5 mm
after injection â€˜UI-VIPdecreased by 5%â€”10%in the mean
(systolic blood pressure: 146 Â±23 before versus 137 Â±19
mmHg after injection; diastolic blood pressure: 87 Â±13
before versus 78 Â±19 after injection) and reached baseline
values within 10 mm after injection.

Whole-Body Biodistribution of lodine-I23-V1P
After intravenous injection, â€˜23I-VIPwas rapidly cleared

from the circulation as measured by increasing lung-to
heart ratios (Fig. 3). Radioactivity in the blood rapidly
decreased to less than 5% of the injected activity within the
first 5 mm after injection of â€˜23I-VIP (Fig. 4). Peptide

bound radioactivity in blood amounted to 89% Â±6% at 0.5
hr, to 65% Â±13% at 1 hr, 57% Â±14% at 2 and to 44% Â±

FIGURE 3. lodine-123-SilPreceptorscanning.After intravenous
injection,1@l-V1P(153MBq(4.1mCi)/300pmole)rapidlyboundto
thelungs.Sequentialposteriorimageswereacquiredduringthefirst
8 mmafter1231-VIPapplication(1frame/30sec).
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Timepostinjection

Organ 0.7 Â±0.2 (0.5â€”1) 3.5 Â±0.5 (2â€”4)of

1231-VIP(hr)7.2

Â±1.4(6-8) 22.5Â±2.3(18â€”26)

Valueslistedaremeans Â±s.d (numbersin parenthesesare rangevalues).All valuesareexpressedas the percentwhole-bodyactivityat various
timepointsafterinjectionof 1231-VIP.

1000000 radIoactivity (cpmxloE.3/mI plasma)

@ _;: Total ctivlty
â€”9-. Fr.. lodins

-0- VIP-bound activity
100000 ____

500 radioactivity (cpmxloE.3/mi plasma)

-4-- Total activity

â€”13--Frns @dlns

@ VIP-bound activity

Il ,l@.@ I 11ll@ I t!fl@

400

300

200

100

FIGURE4. Bloodkineticsof123l-VJP.After
intravenousinjection, 123l-VIPwas rapidly
cleared from the circulation with a calculated
half-lifeof 0.75Â±0.15 mm Qeft).Up to 2 hr
postinjection,the remainingradioactivityin
the plasma was mainly peptide-associated
(right).Plasmaactivity (<5% of wholebody
activity at all time points) slowly decreased
with time and the fractionof free iodine in
creased over 24 hr. A typical blood kinetic
curvederivedfrom Patient6 (Table1)is de
picted.

10000

0.001 0.01 0.1 1 10 100
hours after lijection of 1231-VIP

0.001 0.01 0.1 1@ 100
hours after i@jectionof 1231-VIP

319% 4 hr after injection of â€˜23I-VIP(in terms of remaining
plasma activity at these time points).

The accumulation of â€˜23I-VIPin the lungs reached its
maximum within the first 10 mm of imaging presenting the
lung as the primary site of â€˜23I-VIPuptake. On average,
radioactivity measured over the lungs represented 40.3% Â±

6.6% of the whole-body uptake at 0.7 Â±0.2 hr after injec
tion and decreased to 21.5 Â±7.0 at 3.5 Â±0.5 hr, to 13.9%
Â±3.2% at 7.2 Â±1.4 hr and to 8.2% Â±4.0% at 22.5 Â±2.3
hr (Table 3). Iodine-123-VIP uptake by the liver amounted
to 6.5% Â±1.2% and by the kidneys to 4.2% Â±2.4% of the
injected radioactivity at 0.7 Â±0.2 hr after injection. Cumu
lative radioactivity excreted into the urine amounted to
37% Â±16% of the injected activity at 4, 68% Â±12% at 8,
82% Â±16% at 16, and 90% Â±6% at 24 hr after injection
of â€˜23I-VIP(Fig. 5). Cummulative radioactivity in the feces
was 5% Â±1% percent (n = 4) of the injected activity after
24 hr. Calculated uptakes for spleen and gonads were less
than 0.5% of the total injected activity at all time points.

Radiation Absorbed Doses
The lungs and urinary bladder were the primary source

organs. The radioactivity over the normal liver and kidneys
was only hardly distinguishable from the surrounding intes
tinal tissue. Individual ROIs were fitted over these organs
(liver, kidneys) as well as over the gonads and thyroid gland.
Radioactivity at sites of small-sized intestinal tumors!
metastases was negligible in the dosimetry calculations. The

effective half-lives and radiation absorbed organ doses are
presented in Tables 4 and 5. The highest radiation absorbed
doses were calculated for the lungs [67 @Gy/MBq(248
mrad!mCi)J, urinary bladder [77 @Gy/MBq(284 mrad!
mCi)] and thyroid gland [104 jiGy/MBq (386 mrad/mCi)}.
The absorbed dose to the gonads was less than 10 @Gy!
MBq (35 mrad!mCi). The effective dose was estimated to
be 28 p.Sv/MBq (104 mrem!mCi).

Iodine-123-V1P Imaging
As listed in Table 1, serial whole-body scanning for do

simetry calculations was performed in three patients with
pancreatic adenocarcinoma, in three patients with colonic

adenocarcinoma, in two patients with pheochromocytoma,
in one patient with suspected pheochromocytoma, in three

patients with medullary thyroid gland cancer, in two pa
tients with carcinoid tumors, in two patients with carcinoid

syndrome, in one patient with gastrinoma and in one pa
tient with Zollinger-Ellison syndrome. Diagnoses and dis
ease stage were established by CT or surgery. In two pa
tients (Patients 9, 18), an endocrine tumor was suspected
but could not be verified by conventional modalities.

VIP receptor scanning visualized pancreatic adenocarci
nomas in two patients (Patients 1, 2; Fig. 6). A primary
CT-negative ileocecal carcinoid tumor was detected by VIP
receptor scanning in Patient 13 and could be verified sur
gically. Lymph node metastases were seen in two patients
(Patients 4, 11) and liver metastases in two of three pa

TABLE 3
Tissue Biodistribution as a Function of Time after Intravenous Injection of Iodine-i 23-VIP

Lung
Liver
Kidneys
Bladder
Thyroid

40.3 Â±6.6(26-52)
6.5Â±1.2(4â€”8)
4.2Â±2.4(2â€”7)
4.5Â±2.5(2â€”8)
0.5 Â±0.2(0.1-0.9)

21.5Â±7.0(13â€”34)
3.5Â±1.5(2â€”6)
3.2Â±1.9(2-6)
7.4 Â±4.8(2â€”9)
0.4 Â±0.2(0.1â€”0.8)

13.9Â±3.2(10â€”24)
2.3Â±1.3(1-4)
2.2Â±0.9(1.5â€”4)
6.4 Â±2.7(2.5-9)
0.7 Â±0.2 (0.9 Â±0.3)

8.2Â±4.0(6-14)
1.5 Â±1.2(0.5â€”3)
1.1 Â±0.4(0.5â€”2)
4.3Â±2.9(2.5â€”7.5)
0.8 Â±0.3 (0.4â€”i.2)
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Organ dose HT

Organ/Tissue (g) (j.@Gy/MBq) (mrad/mCl) %(E)

Dose estimates were performed on the basis of gamma camera
measurements, urinaryand focal excretion.Organs for which a tissue
wsightingfactor is specifiedcontributeto the effectivedose. The other
equivalentorgandosesare consideredin the calculationof the reman
der of the body (tissue-mass Weighted mean).

scintigraphic technique by using â€˜231-VIPas radioligand

(2).
VIPis a well-characterizedvasoactivepolypeptidecaus

ing systemic vasodilation and hypotension in the picomolar
range (2,3). In the present study, radiolabeled VIP was
purified by preparative HPLC to obtain a high-specific
activity of >500 TBq/mmole. Use of this high-specific ac

tivity preparation of â€˜@I-VIPallowed intravenous bolus
injection of â€œSI-VIPto humans without severe side effects,
although a transient drop in blood pressure values was
observed during the initial minutes after peptide applica
tion. Furthermore, the biologic activities of unlabeled and
â€˜@I-labeledVIP, as assessed by thymidine-uptakeand

Timeafterinjectionof @I-V1P(hr)t

= 0.5 hrt = 3.5hrt = 7.2 hrt = 22.5hrfractionT,,T@Source
ogran = 100%= 76.3%= 38.8%= 13.0%F (t = 0)Qv)(hr)

TABLE 5
Estimation of the Effective Dose (E@for Iodine-i 23-ViP100

80

60

40

20

0

Gonads9.434.86.7Redbonemarrow11.743.35.0Colon19.873268.5Lungs67.0247.928.8Stomach12.345.55.3Urinary

bladder76.7283.813.7Breast10.237.71.8Liver25.092.54.5Esophagus28.5105.55.1Thyroid104.3385.918.7Skin6.122.60.2Bone

surface16.059.20.6Kidneys52.9195.7â€”Remainderofbody13.248.81.1Effective

dose28 @.tSv/MBq(104mrern/rnCl)
FIGURE5. Radioactivitywasexcretedthroughtheurinarytract
and cumulativeradk)activitymeasuredin the urineis shown.

tients. In Patient 18, who had Zollinger-Ellison syndrome,

an accumulation of â€˜23I-VIPwas visualized in the small
intestine, most probably due to the primary site of the
gastrinoma. Negative VIP scans were obtained in three
patients (Patients 6, 12, 14) after removal of the primary
tumors, in one patient with verified pheochromocytoma
(Patient 7), in one patient with suspected pheochromocy
toma,inonepatientwithmedullarythyroidcancer(Patient
10), in one patient with gastrinoma (Patient 17) and in two
patients with carcinoid syndrome in whom no tumor could
be detected by conventional techniques. A summary of VIP
scanning data is provided in Table 1.

DISCUSSION

Recent studies have shown that various gastrointestinal
tumors express substantial amounts of VIP receptors.

Based on these observations, we have developed a receptor

TABLE 4
Whole-body Biodistributionof Iodine-i23-VIP@

Gonads0.0080.00250.00011<0.0000130.0201.01.1Lungs0.4030.1640.0540.01070.4942.23.0Urinary

bladder0.0450.05650.02480.0056O.045@6.311.2Liver0.0650.0270.00890.0020.0802.73.4Thyroid0.0050.0030.00270.001040.01610.552.0Kidneys0.0420.0270.00850.00140.0982.83.6Intestinal0.0090.0080.00270.00150.0929.432.7Remainder

of body0.4430.3520.1870.0560.5145.18.3

â€˜Correctionof data from Table3 for t = 0.5 hr, fractionsof activityat t = 0 and effective(Ti,) and biologicalhalt-lives(T@ of 1@l-VIP.
t@5+jm@onof cumulatedactivitystartingwitht = 3.5 hr.
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tion of VIP and its high affinity for tumor cells, it is tempt
ing to speculate that positive in vivo images obtained after
injection of â€˜23I-VIPare due to VIP-VIP-receptor interac
tions.

CONCLUSION

Iodine-123-VIP is a promising peptide tracer with a fa
vorable dosimetry, unique biodistribution and high affinity
to normal lung tissue and various tumor cells.
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ATP-induced tyrosine kinase activity experiments, were
identical.

So far, little is known about the biodistribution and in
vivo binding of VIP. In this study, biodistribution of 1231
VIP revealed a unique pattern with high uptake by the
lungs, confirming results in a recent report in experimental
animals (25). Radiolabeled VIP was rapidly cleared from

the circulation with a calculated half-life of approximately 1
mm.Nosubstantialuptakebyliver,spleenor normalgas
trointestinal tissue (compared to lung activity) was noted.

For the detection of gastrointestinal tumors, the unique
biodistribution of â€˜231-VIPis an apparent advantage over
other iodinated peptides that are mainly excreted through

the hepatobiliary system (1).
After injection of â€˜23I-VIP,the radioactivity was excreted

into the urine with an effective half-life of 6.3 hr in the
urinary bladder. We used 170 MBq (4.6 mCi) for each

investigation, resulting in an effective dose of 4.76 mSv (476
mrem) that is comparable with the radioactive burden
caused by other peptide tracers (26).

The unique biodistribution of â€˜23I-VIPand its favorable
dosimetry was a prerequisite for the use of â€˜231-VIPas a
tumor-seeking tracer. So far, â€˜23I-VIP has successfully been

used for the detection of gastrointestinal adenocarcinomas
and endocrine tumors expressing receptors for â€˜23I-VIP
(2). In this study, patients with small-sized or VIP receptor
negative tumors were selected for dose calculations. No
substantial differences between patients with detectable
(VIPreceptorscan-positive)tumorsversusVIPscan-neg
ative patients were observed in VIP biodistribution behav

ior.
The molecular basis of interaction of VIP with organs,

tissues or tumor cells is not completely understood. A

number of recent observations suggest that VIP binds to its

target cells by cell surface membrane receptors. These re

ceptors have been detected in various organs and tissues,
including the lung (17), intestinal epithelium (15,16) and
on various tumor cells (11 ). In light of specific biodistribu
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