
heterog@neity of ER distribution within the tumor (5) and
does not provide information on the presence of ER in
metastases or on changes that may occur in functionality
during the course of treatment (6, 7). An alternative to the
biopsy procedure is scintimammography (5MM) using
radiolabeled estrogens with a high affinity and specificity for
ER (8). Among the radiopharmaceuticals that have been
advanced for this purpose, 18F-labeled 16a-fluoroestradiol
(FES) gave reliable images of both primary and metastatic
breast cancer (9â€”11).However, because of its short half-life
(tÂ½) of 110 mm, production of the positron-emitting â€˜8F

isotope requires an in-house cyclotron facility. Other radio
isotopes that have been used successfully to label estrogens
for in vivo imaging of ER include various isotopes of iodine.
Only the 123I-labeled derivatives have been used in a clinical
setting, and preliminary reports on ER imaging of human
breast cancer have appeared. The site of attachment of
radioiodine onto the estradiol skeleton is restricted to two
positions, i.e., the l6a-position of 17@3-estradiol and the
20E/Z positions of l7a-iodovinylestradiol (lyE). Substitu
tion at most other positions results in loss of target selectiv
ity. Although a few studies with 16a-[1231]iodoestradiol have
been reported, rapid metabolism limits the clinical useful
ness ofthis agent (8,12â€”14).In contrast, 17a-iodovinylestra
diol derivatives exhibit good in vivo stability. The iodovinyl
derivatives can be obtained in either the 20Z (trans) or 20E
(cis) configuration. Earlier studies on the in vitro and in vivo
properties of the IVE concerned the thermodynamically
more stable 20E isomer (15,16), and the first clinical assays
were likewise conducted with this isomer (17). In 1988 our
laboratory reported the synthesis of both (20E)- and (20Z)-
[â€˜25I]IVE,and we showed that the 20Z isomer exhibits
higher ER-binding affinity and better in vivo ER-mediated
target tissue uptake compared with the 20E isomer (18).
Additional substitutions on the IVE at either the 11@3-,7a- or
4-position (or all three) subsequently led to the development
of analogs with good affinity for the ER, increased metabolic
stability and decreased nonspecific binding affinities for
plasma proteins resulting in substantial higher target selectiv
ity (19). Among these derivatives, the highest in vivo
ER-mediated target tissue uptake in laboratory animals was
observed with (20Z)-MIVE, the 11@3-methoxyderivative of

The biodistribution and dosimetry of the 20E and 20Z stereoiso
mersof11@3-methoxy-(17a,20)-[123l]iodovinylestradiol(MIVE)were
evaluatedin sixhealthywomen.Tumoruptakeandmetabolism
of the 20Z isomer were evaluated in 13 women referred after
abnormalmammographyor after discoveryof a suspectmassat
physical examination. Methods: The radiopharmaceuticals were
preparedfromtheircorrespondingstannylintermediatesand
administratedintravenously.Bloodsamplesweredrawnatdiffer
ent time intervals and urine was collected for up to 24 h.
Metabolitesweredetectedbyradiochromatography.Tissuedistn
butionwasfollowedforupto24hbyscintigraphicimaging.The
dosimetry was computed according to the Medical Internal
RadiationDosescheme.Results:The20E and20Z isomers
exhibit similar biodistnbution and dosimetry patterns. Chromato
graphic analysis of plasma samples of healthy volunteers and
cancerpatients,aswellas invitroplasmaincubations,confirmed
the in vivo stability of (20Z)-[1231]MIVE.Radioactivity was rapidly
clearedfromthebloodbytheliverandexcretedthroughthegut,
whichreceivedthehighestradiationdose(0.211mGy/MBq).The
effectivedosesforthe adultfemaleandmalephantomwere
0.054 and 0.046 mSv/MBq, respectively. Among the 13 patients
imagedwith(20Z)-[123l]MIVE,3 hadfibrocysticdiseasewithno
focal uptake, 8 had good agreement with in vitro estrogen
receptordeterminationand2 werefalse-positive.Conclusion:
The radiation dose after intravenous administration of 20E- or
(20Z)-[1@l]MIVEat imaging dose levels is within acceptable
limits. There was a good correlation between uptake of (20Z)-
[123I]MIVEand the presence of estrogen receptors in breast
cancerpatients.
KeyWords:estrogenreceptors;iodovinylestradiol;11@3-methoxy
(17a,20E/Z)-[1@l]iodovinylestradiol;1@l;breastcancer;SPECT

J NucI Med 1999;40:1728â€”1736

nowledge of the status of estrogen receptors (ERs) is
an important factor for the proper management of breast
cancer patients (1â€”3).About two thirds of breast cancer
patients are ER positive, and, at present, such ER levels are
measured in vitro after resection of the tumor (4). This
technique, however, is susceptible to error because of the
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20E (cis) 20Z (trans)

(20Z)-IVE (Fig. 1) (20,21). However, the in vivo stability of
the 20Z isomer has been questioned because interconversion
to the 20E isomer has been reported to occur in the rat (22).

The potential of 1231-radiolabeled MIVE for breast tumor
ER imaging was investigated in two independent clinical
trials. Earlier studies with the 20E isomer in 19 patients with
primary and metastatic breast cancer showed a poor correla
tion between the presence of ER and tumor uptake (17).
Results from a second clinical trial in 25 patients with
(20Z)-['231]MIVE revealed that 90%. of the primary tumors

and 80% of the metastatic lesions could be delineated (23).
In this study we compare the biodistribution and excretion of
the 20E and 20Z isomers of [â€˜23IJMIVEin human subjects.
The dosimetric values for both the standard male and female
phantoms are presented. The results of scintigraphic imag
ing with (20Z)-['23I]MIVE in 10 patients referred after
suspect mammography are reported along with a correlation
between tumor uptake and in vitro ER quantification. The
in vivo stability of the 20Z isomer of [123I]@ftJVEis also
addressed.

MATERIALS AND METHODS

Materials
All chemicals used were commercially available and of the

highestchemicalgradeavailable.Thecarrier-freeâ€˜231-iodide(t'h=
13.2 h, -y= 159 keY) was obtained as a weak NaOH solution from
MDS Nordion (Kanata, Ontario, Canada). The 20% Intralipid
(Pharmacia, Mississauga, Ontario, Canada) and ethanol used for
the parenteral administration of the radiopharmaceuticals were
obtainedfromthe hospitalpharmacyandwerecertifiedsterileand
pyrogen free. Analytical thin-layer chromatography (TLC) was
performed on silica gel plates PE SIL-G/UV2@(Whatman, Maid
stone, UK) eluted with a mixture of chloroform and acetonitrile
(10:1),andradioactivitywasvisualizedwithaPackardInstantim
ager(Packard,Meriden,CT).High-performanceliquidchromatog
raphy (HPLC) was performed on a Varian 5000 instrument (Varian
Corp., Walnut Creek, CA) on a reversed-phase column (C18,
ODS-2 column, 4 pm, 10 x 1 cm; Waters, Milford, MA) eluted
with a mixture of methanol and water (70:30). Products were
detected at X = 280 nm and, where appropriate, by their y
radiation, which was registered via a sodium iodine detector. Dose
activities were measured in an Accucal 2001 dose calibrator
(Nuclear Pharmacy Inc., Albuquerque, NM). The radioactivity of
blood and urine samples was measured in an LKB model 1282
Compugamma gamma counter (Wallac, Turku, Finland). Whole
body images were recorded with a Starcam 4000i XRT gamma
camera (General Electric, Saint Albans, UK) equipped with a

parallel, low-energy, high-resolution collimator. Image analysis
was performed on a Genie PNR model nuclear medicine-dedicated
computer (General Electric). Pyrogenicity was measured by the
Limulus amoebocyte lysate method according to the recommenda
tion of the manufacturer (Biowhittaker Inc., Walkersville, MD). In
vitro quantification of ERs and progesterone receptors (PRs) in
breast tumor biopsies was achieved with the Abbott ER-EIA and
PgR-EIA monoclonal kits (Abbott Laboratories, Abbott Park, IL).

Synthesis
The 20E and 20Z isomers of MIVE were prepared from their

corresponding 20E and 20Z isomers of ll@3-methoxy-(l7a,2O)-21-
tributylstanylestradiol as described (20,24,25). The 20E/Z-
tributylstannyl isomers were freshly purified by reversed-phase
HPLC (WatersC18,ODS-2column,4 jim, 1 X 10 cm) using a
gradient of methanol and water (95:5) to methanol (100%) over 20
mm at a flow rate of 1 mL/min. Eluting steroids were detected at
280 nm, and the stannyl product was collected (tR= 30 mm). After
evaporation of the solvent, the 20E- or 20Z-stannyl derivative (40
lAg,0.064 @.tmol)was dissolved in 120pL ethanol. To this was added
theno-carrier-added(NCA) â€˜23Isolution,consistingof 20 @iL
AcOH (pH 3â€”4)and [â€˜23ljiodinein 244 pL diluted NaOH
(481 MBq). To the mixture was added 50 j.tL (0.37 pmol) of
N-chlorosuccinimide in methanol (1 mg/mL). After vigorous
agitationfor 5 mm at 25Â°C,20 @iL(0.4 @imol)of a 10 mg/mL
solution of sodium thiosulfate were added. The reaction mixture
was purified by HPLC in five 100-pL batches using a reversed
phase column eluting with a mixture of methanol and water (70:30)
at 1 mLimin. The unreacted radioiodine eluted at 3â€”4mm,
[â€˜231]MIVEeluted at 12â€”14mm and the stannyl starting material
elutedat 35 mm.Aftercompleteevaporationof thecollected
fraction under nitrogen, [â€˜23I]MIVEwas transferred to a sterile
hood, dissolved in two times 1.0 mL ethanol, transferred into a
sterile and pyrogen-free vial through a dry 0.22-pm filter and
evaporated to dryness under air (filtered over a 0.22-rim filter)
while heating gently with a hair dryer.

Formulation
To the vials containing the dry [â€˜23I]MIVEwere added 0.2â€”0.4

mL ethanol and 2â€”4mL 20% Intralipid. The Intralipid was added
rapidly to the ethanol while swirling the vial. An aliquot of the
preparation was retained for pyrogenicity testing. The content of
the vial was transferred to a syringe, and the activity was measured
in a dose calibrator. A sample from each preparation was stored at
â€”20Â°Cfor sterility testing in the event that a patient presented
adverse effects.

Patients and Healthy Volunteers
An internal review board approved the clinical protocol, and all

participantsgaveinformedconsent.Sixhealthywomen(age20â€”30

FIGURE 1. Structuresof 20E and 20Z
isomersof[123l]MIVE.
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y, mean weight 59.5 Â±10.8 kg) were recruited for the dosimetry
and biodistribution study. Medical examination and questionnaire
responses indicated that they were healthy. Breast imaging was also
performed in 13 patients referred after an abnormal mammography
or a suspect mass at physical examination. A negative pregnancy
test was required from all women of childbearing age before
enrollmentin thestudy.Eachsubjectwasgiven150mgsaturated
potassium iodine (SSKI) solution orally the day before the
examination and again 1 h before the administration of the tracer.
With the healthy volunteers, we compared the 20E and 20Z
preparations at the same time after onset of menstruation. For
cancer patients, we were bound by the specific treatment protocol.

Imaging
From I to 2 mL (5â€”75MBq) [â€˜23I]MIVEwere administrated

intravenously while eachwoman rested on the imaging table. The
injection site was imaged in the minutes after administration to
ensure that there was no tissue infiltration. For all acquisitions, the
windows of the camera were open at 20% and adjusted on the 159-
keV photoelectric peak of 123!.For biodistribution and dosimetry,
each subject received both the 20E and the 20Z isomers of
[â€˜231]MIVE administrated at intervals of about 1 mo. Whole-body

scanning was done at a rate of 10 cm/mm, keeping the camera-to
patient distance constant. Anterior and posterior whole-body
imaging was performed at 1, 3, 6, 9 and 24 h after injection. Breast
cancer patients received only (20Z)-['@I]MIVE. Scintigraphic
imaging of the breast and of the axillary region was performed
immediately and at 1 and 3â€”24h after administration of the
radiopharmaceutical.

For biodistribution and dosimetry calculations, the time-activity
curves for the whole body, brain, lungs, liver, gallbladder and
abdomen were obtained from the scintigraphic images by tracing
regions of interest (ROIs) around the selected organs. The geomet
ric mean of the anterior and posterior view for each ROI was used
to compute the percent injected dose (%ID) values. The geometric
mean of the counts in the whole body scintigram at I h after
injection was corrected for radioactive decay from the time of
injection:

(Activity(a@ injectiontime) = Activity(@t I h) X@ h)) Eq. 1

this value being taken as 100 %ID. For patients, two nuclear
medicine specialists independently interpreted the images as posi
tive (MIVE focal uptake) or negative (no focal uptake). Tumor-to
nontumor ratios were obtained by drawing ROIs around the tumor
area and an area of similar size on the adjacent breast tissue. These
results were then compared with the tumor ER concentration that
was determined in vitro after surgery and tumor resection. A
receptor concentration exceeding 9 fmol/mg protein was consid
ered ER positive.

Blood Clearance in Healthy Volunteers
From 2 to 4 mL blood were drawn in a heparmnizedVaccutainer

tube (Becton Dikinson, Franklin Lakes, NJ) through a catheter that
was installed in a vein contralateral to the injection site. Blood
sampleswere collectedat 5 mm and at 1, 3, 6, 9 and 24 h after
injection. The plasma was separated from the cellular material by
centrifugation for 10 mm at 10,000 rpm in an Eppendorf mmcrocen
trifuge (Brinkmann Instruments Co., Westbury, NY). The kinetic
parameters of plasma clearance were computed from the %ID/g of
plasma using PHKIT software (26) and the sum of two exponential
term models.

Urinary Excretion in Healthy Volunteers
All urine samples were collected over the 24-h period after

administration ofthe radiopharmaceutical. The weight and radioac
tivity of urine collected at each mictuntion were determined, and
specific activity was calculated.

Counting of Samples
The specific activities of blood, plasma and urine were obtained

by counting the collected samples of known weight along with a
known volume of the injected preparation. The windows of the
gamma counter were adjusted at the 159-keV photo peak of 1231
with a 20% window. All values were corrected for background.

Dosimetry in Healthy Volunteers
The residence times for the brain, thyroid, gallbladder, liver,

lungs and the remainder of the body were computed by dividing the
area under their %ll)/h curves by the 100 %ID value. Before
integration, the time-activity curves were fitted to a gamma
function with an exponential tail (r > 0.96):

A(t exp@t + C(1 â€”exp@)exp@), Eq.2

assuming that tissue specific activity was zero at time zero (27).
The absorbeddosewascomputedfromtheresidencetime

according to the Medical Internal Radiation Dose (MIRD) scheme
using MIRDOSE 3.1 software (Oak Ridge National Laboratories,
Oak Ridge, TN)(28,29). The adult female and male phantoms were
selected. The residence time for the gastrointestinal tract was
estimated from the fraction of the administrated activity found in
the abdomen using the gastrointestinal module of the MIRDOSE
program.

For the determination of bladder residence time, a model was
designed to take into account the irregular voiding pattern observed
among the volunteers. In this model the experimental data of the
biological urinary clearance are used to generate a time-activity
curve for each micturition. Each triangular area represents one
micturition cycle (i) (Fig. 2). For each micturition, the volume of
urine, V1(mL), the amount of radioactivity voided, A1(%ID), and
thefillingtimeofthebladder,z@t= tjâ€”t1.1(inhours),areknown.
Assuming that the filling rate is constant for a given mictmition (i),
the bladder filling rate, a = V@/i@1t(mLIh), and the specific activity
of the urine, As1= A/V1 (%ID/mL), can be determined. Therefore,
the amount ofradioactivity found in the bladder for each cycle (i) at
any given time between t@ and tj is given in Equation 3, which
takes into account the loss of radioactivity through disintegration:

A1(t)= As1a1(tâ€”t@1)exp(â€”Xt). Eq.3

The residence time for the bladder is then obtained by summing
the areas under the time-activity curve of each mmcturition(i) and
dividing by the 100 %ID:

n

A =@ ,@1 As1a1(tâ€”t@1)exp(â€”Xt)dt, Eq.4

where n = the total number of micturitions and A = the total
activity accumulated in the bladder over 24 h (MBq/h and K =
0.0525 h' for 1231

Stability of (20Z)-(1@l]MlVEin Human Plasma
To establish the stability in plasma, the (20Z)-MIVE labeled

with long-lived 125!isotope was incubated in freshly drawn plasma
from healthy women and female rats. Blood samples were col
lected in ethylenediaminetetraacetic acid- or heparmn-coatedVaccu
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ACTIVITY (%ID)

A(t)Time

to ti t(i-l) t t(j+l)
(t)

20EisomerSite

lh3h6h9h24hBrain

1.12 Â±0.22 0.61 Â±0.150.42 Â±0.120.34 Â±0.150.23 Â±0.10Thyroid
0.35 Â±0.07 0.23 Â±0.050.16 Â±0.020.12 Â±0.050.07 Â±0.02Lungs
4.76 Â±0.64 2.96Â±0.612.11 Â±0.541.59 Â±0.590.84 Â±0.27Liver
6.81 Â±1.10 3.67 Â±1.002.73 Â±0.812.07 Â±0.780.82 Â±0.32Gallbladder
2.14 Â±1.91 1.87 Â±1.520.75 Â±0.440.37 Â±0.200.14 Â±0.12Abdomen

27.85 Â±8.13 28.72 Â±8.8728.64 Â±5.9822.19 Â±6.329.93 Â±2.06Bladder
2.82Â±1.25 1.81 Â±0.591 .22 Â±0.271 .22 Â±0.690.48 Â±0.34Whole

body 86.49Â±6.64 70.43Â±5.1258.63 Â±5.2445.11 Â±13.622.14 Â±6.8820Z

isomerlh

3h6h9h24hBrain

1.07 Â±0.40 0.56 Â±0.180.36 Â±0.130.29 Â±0.090.17 Â±0.07Thyroid
0.49 Â±0.07 0.44 Â±0.200.21 Â±0.020.17 Â±0.020.08 Â±0.02Lungs
5.21Â±0.56 3.12Â±0.452.04 Â±0.291.64 Â±0.220.74 Â±0.18Liver
6.74Â±1.07 3.40Â±0.782.32 Â±0.561 .86 Â±0.690.75 Â±0.20Gallbladder
3.32Â±1.99 1.53Â±1.160.72 Â±0.220.35 Â±0.110.14 Â±0.04Abdomen

28.64Â±4.79 30.34Â±3.4428.52 Â±0.9225.02 Â±1.1210.04 Â±0.54Bladder
6.78Â±4.02 2.39Â±1.161.02 Â±0.380.77 Â±0.450.19 Â±0.13Whole

body 91.15Â±5.12 71.46Â±3.8555.55 Â±1.5946.31 Â±1.5220.75 Â±3.06MIVE

= 11@3@methoxy@(17a,20E/Z)@[lml]iodovinylestradiol.Data
are expressed as percentage of injecteddose per gram oftissue inhealthyvolunteers,Â±SD.

FIGURE 2. Mathematicalmodelingof ir
regular voiding pattern observed for blad
der.

tamer tubes (Becton Dickinson). The plasma was isolated by
centrifugation. The samples were incubated at 37Â°Cin a water bath
before the addition of radiolabeled MIVE as a 9% ethanol and
saline and 1% Intralipid emulsion (0.1 mI.ImL plasma). Incubation
was continued for up to 6 h, and samples were vortexed every 30
mm.Allsampleswereextractedwithethylacetateandanalyzed
by silica TLC along with unlabeled (20E)- and (20Z)-MIVE. The
mc platesweredevelopedtwiceina mixtureofchloroformand
acetonitrile (10:1); in this way (20Z)- and (20E)-MIVE are well
separated, with Rf values of 0.39 and 0.28, respectively. The plates
were scanned for radioactivity with an Instantimager; the unlabeled
steroids were visualized by sulfuric acid spraying and heating.
Plasma samples from healthy volunteers, cancer patients and rats
injected with (20Z)-['251]MIVEwere also analyzed as described.

Statistical Analysis
Values are given as mean Â±SD. Noncontinuous variables were

compared with the Fisher exact test.

RESULTS

The labeling yield ofthe 20E or 20Z isomers of [â€˜231]MIVE
ranged from 50% to 80% with a radiochemical purity
exceeding 95% as determined by HPLC. Pyrogeneity of the
injected preparation was lower than 0. 12 endotoxin unit per
milliliter. No side effects were noticed after the parenteral
administration of [123I]@s4J\@@The effective biodisiribution
values are given in Table 1. The results are expressed as %ID
in whole organ. 55K! proved to be effective in blocking
thyroid uptake of free radioiodine because only marginal
thyroid uptake was noticed in some subjects. Both isomers
of MIVE share a similar biodistribution pattern. Blood
clearance follows a two-exponential model. The first phase
is over within minutes after injection, when the bulk of
radioactivity is trapped by the liver, and the remaining blood
radioactivity is cleared at rates of t',@= 3 h and t@= 4 h for

TABLE 1
Effective Tissue Distribution of [125l]MIVE
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(20E)-MIVESite

Subject 1 Subject 2Subject 3Subject 4Subject 5Subject 6Average Â±SDBrain

0.096 0.1050.0520.1430.0800.0920.09 Â±0.02Gallbladder
0.090 0.0740.0400.2110.2290.1050.12 Â±0.07Lower

largeintestine 1.980 2.3502.1 901 .7702.0902.3502.12 Â±0.22Small
intestine 1.260 1.4901 .3901 .1201 .3201 .4901 .34 Â±0.15Upper
largeintestine 2.430 2.8702.6802.1702.5502.8702.59 Â±0.27Liver

0.636 0.4870.2700.6890.5060.6360.54 Â±0.15Lungs
0.452 0.3860.2800.6160.3600.3990.42 Â±0.12Thyroid
0.042 , 0.0350.0280.0400.0260.0240.03 Â±0.01Urinary

bladder 0.420 0.7001 .3200.4000.4200.7600.67 Â±0.34Remainder
7.58 3.9702.6107.8903.5703.6304.87 Â±0.25(20Z)-MIVESubject

1 Subject2Subject 3Subject 4Subject 5Subject 6Average Â±SDBrain

0.054 0.1100.0730.1070.062*0.08 Â±0.00Gallbladder
0.163 0.2100.0790.2170.103*o@5@ 0.07Lower

largeintestine 2.190 2.0302.1901 .9802.0902.1 Â±0.09Small
intestine 1.390 1.2901 .3901 .2601 .3201 .33 Â±0.07Upper
large intestine 2.680 2.4902.6802.4302.5502.57 Â±0.11Liver

0.334 0.5450.3830.5970.5630.48 Â±0.11Lungs
0.401 0.4030.4940.4540.3770.43 Â±0.04Thyroid
0.056 0.0340.0370.0480.044*0.04 Â±0.01Urinary

bladder 0.640 0.9900.3400.8200.6200.68 Â±0.25Remainder
4.94 4.0103.6504.4503.3804.09 Â±0.63*The

activityadministratedwastoolowto givereliableresidencetimevalues.MIVE
= 11@3-methoxy-(17a,20E/Z)-[123l]iodovinyiestradiol.

A B C D E

FIGURE 3. Anteriorwhole-bodyscinti
graphicimages of healthywoman after
intravenous administration of 111 MBq
(20Z)-[123I]MIVEat 1 (A), 3 (B), 6 (C), 9 (D)
and 24(E)h.

the 20E and 20Z isomers, respectively. At 3 h after injection
most radioactivity has passed from the gallbladder to the
intestine (Fig. 3). The retention time in the liver is very
short; once in the intestine the radioactivity is eliminated at
the normal gastrointestinal excretion rate. In some subjects
the presence of radioactivity in the breast was noted. As
much as 45% (20Z isomer) and 31% (20E isomer) of the
administrated radioactivity was excreted in the urine within
24 h after administration. The specific activity of the urine
was highest immediately after injection and decreased

thereafter. HPLC analysis revealed that roughly half of the
radioactivity found in the urine was free iodine.

Stability of (20Z)-[123l]MIVE In Human Plasma

It has been reported that after intraperitoneal administra
tion to rats or incubation at 25Â°Cin rat plasma, the 20Z
isomer of [@I]MIVE is rapidly converted to the 20E isomer,
which is the more stable steric conformation (22). To
establish whether this transformation also takes place in
human plasma, we analyzed, by TLC, samples from volun

TABLE 2
Residence Times (Hours in Healthy Volunteers)
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(20E)-[1@I]MlVE(20Z)-[1@l]MlVEOrgan

Female phantom Male phantomFemale phantomMalephantomAdrenals

0.010Â±0.0038k 0.0081Â±0.0010.009 Â±0.00070.0061 Â±0.0011Brain
0.004 Â±0.0016 0.0037 Â±0.00050.004 Â±0.00080.0027 Â±0.0005Breast
0.004Â±0.0026 0.0039Â±0.00060.004 Â±0.00050.0030 Â±0.0005Gallbladder

wall 0.057 Â±0.0206 0.0485 Â±0.00740.064 Â±0.01630.0465 Â±0.0095Lower
largeintestinewall 0.211Â±0.0196 0.1892Â±0.00750.209 Â±0.00830.1566 Â±0.0300Small
intestine 0.084Â±0.0062 0.0684Â±0.00220.083 Â±0.00320.056 Â±0.0108Stomach

0.014Â±0.003 0.0154Â±0.00390.014 Â±0.00080.0096 Â±0.0012Upper
large intestine wall 0.193 Â±0.0170 0.1652 Â±0.00640.190 Â±0.00770.1366 Â±0.0261Heart

wall 0.008 Â±0.0039 0.0066 Â±0.0010.008 Â±0.00070.005 Â±0.0008Kidneys
0.011Â±0.0031 0.0098Â±0.00080.011 Â±0.00070.0076 Â±0.0014Liver
0.021Â±0.0052 0.0168Â±0.00160.020 Â±0.00300.0131 Â±0.0025Lungs
0.017Â±0.0053 0.0137Â±0.00160.018 Â±0.00150.0115 Â±0.0020Muscle
0.010 Â±0.0026 0.0082 Â±0.00060.009 Â±0.00070.0064 Â±0.0012Ovaries
0.050Â±0.0027 0.0395Â±0.0010.050 Â±0.00170.0321 Â±0.0062Pancreas
0.012Â±0.0038 0.0101Â±0.0010.012 Â±0.00090.0075 Â±0.0013Red

marrow 0.011Â±0.0024 0.0094Â±0.00060.011 Â±0.00060.0074 Â±0.0014Bone
surface 0.014 Â±0.0051 0.0125 Â±0.00120.014 Â±0.00110.0096 Â±0.0017Skin

0.005Â±0.0021 0.0041Â±0.00050.004 Â±0.00050.0031 Â±0.0005Spleen
0.009Â±0.0034 0.0077Â±0.00080.009 Â±0.00070.0057 Â±0.001Testes

â€” 0.0068Â±0.0005â€”0.0052 Â±0.0010Thymus
0.006Â±0.0035 0.0049Â±0.00080.006 Â±0.00070.0038 Â±0.0006Thyroid
0.044Â±0.0109 0.0369Â±0.00380.058 Â±0.01100.0410 Â±0.0082Urinary

bladder wall 0.088 Â±0.0382 0.0614 Â±0.01040.089 Â±0.02650.0531 Â±0.0107Uterus
0.030Â±0.0027 â€”0.030 Â±0.0018â€”Total

body 0.012Â±0.0026 0.0101Â±0.00060.012 Â±0.00070.0079 Â±0.0015Effective
dose equivalent* 0.056 Â±0.0027 0.045 Â±0.00120.057 Â±0.00240.389 Â±0.0076Effective
dose* 0.054Â±0.0030 0.046Â±0.00150.054 Â±0.00170.0375 Â±0.0072*Units

ofeffectivedoseequivalentandeffectivedoseareinmSv/MBq.MIVE
= 11f3-methoxy-(17a,20E/Z)-[1@lJiodovinyIestradiol.

teers and cancer patients who had received the 20Z isomer of
[1231]MIVE. Because of the rapid disappearance of

[l23J]@4J\/J@ from the blood pool, it was difficult to recover

radiolabeled steroids and their products for analysis. In 3
persons, however, enough radioactivity was recovered to
show that (20Z)-['23I]MIVE remained unaltered for up to 1 h
after injection. At 3 h after injection (1 person), the
recovered radioactivity migrated at higher Rf values, indicat
ing the formation of metabolites. In view of these results, we
incubated the longer-lived (20Z)-[1251]MIVE with human
and rat plasma for up to 24 h. TLC analysis and autoradiog
raphy showed that (20Z)-[â€•-@I]MIVEretained its configura
tion under these experimental conditions.

DosImetry
The residence times for the 20E- and 20Z-MIVE are

similar and comparable to the values published by Rijks et

al. (30) for the 20Z isomer (Table 2). The longest residence
times were observed for the gastrointestinal tract, the gall
bladder and the urinary bladder. The radiation dose estimates
were computed for each subject independently, and the
average values are presented in Table 3. The data were
processed for the adult standard man and women models.
The organs that received most of the radiation burden were

the lower and upper large intestines, i.e., 0.21 1 and 0.193
mGy/MBq, respectively. The reproductive organs received
0.03 mGyfMBq (uterus) and 0.05 mGyfMBq (ovaries) from
abdominal radioactivity. The dosimetry values of(20E)- and
(20Z)-['231}MIVE are similar. The 0.054 and 0.046 mSv/
MBq effective doses calculated for the adult female and
male phantoms are well within the acceptable dose and
translate to a total radiation burden of 7 mSv per examina
tion (150 MBq). For comparison, administration of 99mTc@
MIBI, which is routinely used for scintimammography,
results in a total dose of5 mSv per examination (1000 MBq).

Sclntimammography
Among the 13 patients (Table 4), 10 were subsequently

diagnosed with breast cancer. The 3 cancer-free patients
showed no focal uptake of (20Z)-['231]MIVE. The (20Z)-
[123IJMIVE uptake in cancer patients correlated well with in
vitro ER determinations (P = 0.08) (Table 4, Fig. 4). For the
patients showing (20Z)-['231]MIVE uptake, the average
tumor-to-nontumor ratio was 2 Â±0.4.

DISCUSSION

In this study, we measured the whole-body biodistribution
of a new ER-based 1231-radiopharmaceutical, MIVE. The

TABLE 3
Radiation Dose Estimate After Intravenous Administration of 20E and 20Z Isomers of [123l]-MIVE(mGy/MBq)
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SubjectAgeSizeno.(y)
StatusNode Grade* (cm) ER/PAt MIVEI

â€” â€” 2.0

A

TABLE 4

of Bloomand Richardson (31).
tValuesofinvitroquantificationoftumorestrogen(ER)andprogesterone(PR)receptorsinfmoVmgprotein.Avalueof<9 fmovmgprotein

isconsiderednegative(Neg).
@FocaltumoruptakeofMIVE.

MIVE= 11@3-methoxy-(17a,20E/Z)-[123l]iodovinylestradiol.

Comparison of Results of (20Z)-[1231]M1VEScintimammography and In Vitro Determination ofTumoral Estrogen
ReceptorConcentrations

755Lobular carcinomaof leftbreastNeg/NegPos843Fibrocystic
diseaseâ€”â€”â€”â€”Neg954Invasive

ductalcarcinomaof leftbreast.Poorlydifferentiated0/17Ill/Ill2.0Neg/NegNeg1042Infiltrating
ductal carcinoma ofleftbreast1/18Il/Ill2.0Neg/38Neg1140Fibrocystic

diseaseâ€”â€”â€”â€”Neg1?56Ductal
carcinoma of left breast. Moderatelydifferentiated0/9lI/Illâ€”81/30Pos1

345Fibrocysticdiseaseâ€”â€”â€”â€”Neg1469Infiltrating
ductalcarcinomaof leftbreast1/12IVIlI2.5Neg/NegNeg1

573Infiltrating ductal carcinoma of leftbreast0/0lI/Ill2.5Neg/NegNeg1679Invasive
ductalcarcinomaof leftbreast0/0Ill/Ill260/95Pos1755Infiltrating

lobularcarcinomaof rightbreast0/0â€”13.0NegIl6Pos1
855Infiltrating ductal carcinoma of rightbreast0/0Ill/ill4.0Neg/NegNeg1957Infiltrating

ductalcarcinomaof leftbreast2/6Ill/Ill3.030/128Pos

tissue radiation dose of 2OEIZ isomeric [â€˜23I]MIVEin
healthy volunteers was calculated, and the specificity of the
20Z isomer for breast tumor ER was evaluated. In healthy
volunteers both [â€˜23I]MIVEisomers shared a similar tissue
distribution pattern. The 20Z isomer, however, cleared at a
faster rate from the blood pool, resulting in a higher
radioactivity output for the first micturition. Although the
20Z isomer was more prone to deiodination (18,22), the

FIGURE 4. Left lateral planar scintigraphicimage of 2-cm
ER-positivecarcinoma(patient16) 1h after intravenousadminis
trationof (20Z)-[123I]MIVE.

more rapid clearance of the 20Z versus the 20E isomer did
not correlate with increased excretion of free radioiodine in
the urine. Chromatographic analysis instead suggested rapid
metabolic conversion of (20Z)-['23I]MIVE to hydrophilic
derivatives.

In earlier clinical studies with [â€˜231]MIVE,the radiophar
maceutical was administered as a solution of ethanol and
saline (17,23). In this study, we used a 20% Intralipid
emulMon, which was diluted in saline. Such formulation is
appropriate for steroids in view of their lipophilic nature.
Uterus uptake studies in immature female rats indicated that
formulation of (20Z)-[1231]MIVE in saline and Intralipid did
not influence receptor-mediated uterus uptake (unpublished
results). We determined that up to 40% of ethanol can be
incorporated in Intralipid at room temperature without in
ducing precipitation of the proteins; in our study the amount
ofethanol in the final formulation never exceeded 10%.

Because of a lack of an appropriate phantom, most
radiation doses of radiopharmaceuticals reported in the
literature pertain to the standard 70-kg man. In view of the
specific use of the present radiopharmaceutical, the adult
female phantom obviously is a more appropriate model. The
radiation dose estimates that we obtained from the adult
male phantom resemble those obtained with the adult female
model, with the exception of the gastrointestinal track. In the
latter case, the dose is underestimated by 20%, resulting in a
lower effective dose. Little radioactivity was found in the
thyroid because of the administration of saturating doses of
potassium iodine. During the 24-h studies, most radioactiv
ity was cleared through the urinary pathway and fecal
excretion was relatively slow. An increase in the gastrointes
tinal tract transit (through proper medication and diet) would

â€ .̃,â€˜.@
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reduce greatly the radiation dose to the abdominal viscera.
Our observed residence times and absorbed doses for the
isomeric [123I]MIVE were similar to those reported by Rijks
et al. (30) for the 20Z isomer. The earlier reported values
exhibited a larger spread, most likely associated with the less
homogeneous population sample compared with this study.

Incubation of (20Z)-[1251]MIVE in vitro, along with the
analysis of plasma from healthy volunteers and cancer
patients treated with the same radiopharmaceutical, did not
show conversion to the 20E isomer. This finding is in
contrast with the earlier reported in vivo transformation of
the 20Z isomer toward the thermodynamically more stable
20E configuration in the rat (22). This discrepancy is
puzzling and may relate to the use of different chromato
graphic systems rather than actual isomeric conversion.

Our tumor uptake data in human patients reveal some
differences with the in vitro measurements of ERs. Two
patients showed (20Z)-['231]MIVE uptake in spite of a
negative in vitro ER assay. Although this could represent
nonspecific uptake of the radiopharmaceutical, it may also
reflect true receptor-mediated uptake. In fact, although one
of the patients (patient 17) was ER negative, analysis for PR
was positive. It has been suggested that PR determination is
important because elevated PR levels also are indicative of
ER function (32â€”34).Furthermore, ER-negative and PR
positive tumors are rare (<5% of all breast cancers) (35,36).
Use of the ER-EIA monoclonal kit assay has a few
drawbacks, including unreliability in tissue sampling be
cause of heterogeneous ER distribution within the tumor and
possible alteration of the ER functionality associated with
tissue manipulation (5â€”7,37).Such false-negative in vitro
data may explain why some patients respond to tamoxifen
treatment in spite of an ER-negative assay (36,38,39). In
addition, false-positive assays that result from in vitro
receptor determination of ERs that have lost their in vivo
functionality may lead to a recommendation of hormonal
therapy in a situation in which such treatment would be
ineffective (38,39). Receptor imaging would also provide
the opportunity to verify the ER status during the course of
therapy and guide appropriate follow-up procedures. Fi
nally, this method also is well adapted for the determination
of the ER status of metastases that may differ from that of
the primary tumor (7).

CONCLUSION

These data show the feasibility of using (20Z)-[123IJMIVE
for the in vivo scintigraphic imaging of ER. Tumor uptake
was optimal at 1 h after injection and showed a good
correlation with in vitro ER analysis. (20Z)-['231]MIVE is
rapidly removed from the blood stream, and possible
conversion of its 20E isomer was not observed. Evidently, a
larger number of patients need to be tested to validate the
usefulness of 20Z-[123I]MIVE in the management of breast
cancer patients.

The authors thank MDS Nordion for providing 1231and
Dr. Daniel Houde for his help with the excretion model. This
work was supported by the Clinical Research Center of the
Sherbrooke University Hospital (CUSE), Sherbrooke, Que
bec, Canada.
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