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A noninvasive method for detecting and quantifying androgen
receptors (AR) in metastatic prostate cancer may be helpful in
choosing the method of treatment and in better understanding the
pathophysiology of this disease. Nine previously synthesized fluor-
inated androgens exhibited high affinity binding to AR and showed
AR-mediated uptake in the ventral and dorsal prostate of the rat.
Further evaluation of these agents for PET imaging is needed since
sex hormone binding globulin (SHBG), a glycoprotein which binds
androgens with high affinity, is absent in rat blood but is present at
high levels in the blood of primates. We chose to study three of the
nine fluoro-and by PET in the baboon. Methods: In this
study, 168-['®Flfluoro-5a-dihydrotestosterone (1), 168-['2F}fluoromi-
bolerone (i) and 20-[*F}fluoromibolerone (Ilf) were synthesized and
studied in both a young and old male baboon using PET. Blood
samples were withdrawn in three of the 10 studies and analyzed for
total radioactivity and percent unmetabolized radioligand. Tissue
radioactivity was evaluated semiquantitatively, using prostate abso-
lute, standard and target to nontarget uptake values. Results:
Prostate uptake was observed with all three '8F-androgens. At 60
min postinjection, compound | gave the highest prostate to soft
tissue ratios in both baboons and prostate uptake was shown to be
AR-mediated by blocking uptake through the coadministration of
testosterone. Compound | gave the highest level of unmetabolized
radioligand present in blood up to 45 min postinjection, and gave a
37-fold greater prostate-to-bone ratio at 2 hr postinjection in ba-
boons compared to rats. The favorable behavior of this compound
in the baboon may be related to its high affinity for SHBG.
Conclusion: All three compounds can be used to determine AR-
positive tissue in primates. Compound | was selected for the
evaluation of AR in men with prostate cancer using PET.
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Prostate cancer kills more than 40,000 men in the United
States annually (/). Most prostate cancers express the androgen
receptor (AR) and show an initial response to hormonal therapy.
However, most cases eventually become hormone independent,
through a mechanism that, as yet, is unknown. Noninvasive
imaging of AR may help to clarify how these tumors become
hormone independent (2) and may illuminate the basic biology
of this disease.

While the presence of AR in patients in prostatic cancer may
be helpful in suggesting a course of endocrine therapy (3-13),
the correlation between AR positivity and response to therapy is
not as good as that between estrogen and progesterone receptor
positivity and response to antihormonal (e.g., tamoxifen) ther-
apy in breast cancer (3,8,9). This poor correlation in prostate
cancer has been attributed to under sampling (3), and to AR
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heterogeneity (/4). Visualization of AR in the tumor using an
AR-based imaging agent might provide a better representation
of the AR status of the tumor. Except for treatment with the
antiandrogen flutamide (/5), such AR-based imaging could be
followed throughout hormonal therapy, as other common hor-
monal therapies (bilateral orchiectomy, administration of estro-
genic compounds such as diethylstilbestrol, aminoglutethimide,
ketoconazole or a luteinizing hormone-releasing hormone
(LHRH) agonist) would be expected to leave the AR unoccu-
pied (16-20). AR-based imaging of prostate cancer patients on
such hormone regimens might be particularly interesting, based
on the recent report that the AR gene itself may become
amplified many fold in this disease (2/).

Several AR ligands have been labeled with the positron-
emitting nuclides fluorine-18 (22-24) and carbon-11 (25,26),
and with radioisotopes of bromine (27,28), iodine (29-33) and
selenium (34). We have evaluated nine fluorinated androgens
(22-24) with high in vitro affinity for the androgen receptor in
a rat model (35). All ligands exhibited high in vivo AR-
mediated, limited capacity uptake into the ventral and dorsal
prostate of the rat. These compounds do differ rather signifi-
cantly in their binding affinity for the progesterone receptor
(PgR) and for sex-hormone binding globulin (SHBG). In
principle, the binding of an AR-based prostate imaging agent to
PgR is undesirable, since prostate tumors are known to contain
PgR (2,36-39).

SHBG is a steroid-binding glycoprotein found in the blood of
primates, but not mature rats (40,41). While we have previously
suggested that an AR ligand should be designed to have low
affinity for SHBG to improve its imaging characteristics (22—
24,35,42,43), recent evidence has implicated the SHBG in both
the protection of androgens and estrogens from metabolism
(40,44) and in the facilitation of their uptake into target tissues
(45). In fact, a receptor for SHBG has been found on the surface
of both prostate (46,47) and prostate cancer (48) cells, indicat-
ing that SHBG may have a role in transporting sex steroid from
the blood into target cells.

We evaluated our fluorine-18-labeled AR ligands in the
male baboon using PET because the caudal prostate of the
baboon has been shown to be histologically and pharmaco-
logically similar to the human peripheral prostate (49), the
tissue in which most human prostate cancers arise (50).
Three fluorine-18 androgens, 16B-['®F]fluoro-Sa-dihydro-
testosterone, 16B-['®F]JFDHT, I, 168-['®F]fluoromibolerone,
16B-['®F]Fmib, II and 20-['®F]flucromibolerone, 20-['*F]Fmib,
III, were selected for this study. Pertinent data (23,24,43) on
these three compounds are summarized in Table 1.

Compound I, a derivative of the endogenous androgen DHT,
has high affinity for rat AR and very high affinity for SHBG; it
also has the lowest PgR affinity of those measured. By contrast,
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TABLE 1
Selected Relative Binding Affinity (RBA) and Rat Biodistribution Data for Compounds |, Il and lII*

RBA for 1 hr Rat prostate 4 hr Rat prostate-
Compound RBA for AR RBA for PgR SHBG uptake (%ID/g) to-muscle ratio
168-["®F]Fluoro-5a- 427 0.12 385 0.432 24.87
dihydrotestosterone (1)
168-['®F]Fluoromibolerone (I 30.8 3.0 13 0.667 10.91
20-{"®F)Fluoromibolerone (Ilf) 53.2 437 40 0.969 13.25

*Data are from references (14-16). Reference ligands (K4 in nM) are R1881 (0.6), R5020 (0.4) and estradiol (1.6) for AR, PgR and SHBG, respectively.

Prostate uptake shown is for the ventral lobe.

compounds II and III derivatives of mibolerone, have high
affinity for the rat AR but low affinity for SHBG. The large
difference in SHBG affinity between compound I and com-
pounds II and III may reveal the effect that this blood protein
has an androgen uptake into target tissues and on stability
toward metabolism. The affinity of compounds II and III for
PgR is also higher than that of compound I. The location of the
fluorine label on derivative III is at the C-20 position (on the
C-20 methyl group). This contrasts with the C-16B-fluorine
location (on the steroid D-ring) on both compounds I and II.
Using these compounds we can also investigate whether the
positron of fluoride substitution affects the rate of metabolic
defluorination in the primate, as indicated by bone uptake.

MATERIALS AND METHODS
Radiochemical Synthesis

Compounds I, IT and III were prepared as previously described
(23,24) starting with 200 to 400 mCi aqueous ['SF]fluoride
immediately after cyclotron bombardment. The final product,
purified by normal phase HPLC, was evaporated to dryness in
vacuo and redissolved in 1:9 ethanol:normal saline. Radiochemical
yields were similar to those previously reported and specific
activity in all cases was >600 Ci/mmole. The yields and specific
activities of compound I were significantly greater than for
compounds II and III. The final solution was sterile-filtered
through a prewetted filter prior to injection into the baboon. For
every preparation radiochemical purity was determined to be
>95% by analytical reversed phase HPLC (C-18, 0.46 X 25 cm,
Alltech, Deerfield, IL, 1:1 water:acetonitrile, 1 mL/min) and
effective specific radioactivity was determined by an in vitro
competitive androgen receptor binding assay using isolated rat AR
and [*H]R1881 as adapted from a published procedure (51,52).
The radioactivity injected in each study ranged from 2.4 to 6.9
mCi. Carbon-15-oxygen was used as a tracer to determine the
position of blood vessels. This was prepared as previously de-
scribed (53).

Animals

Two male baboons (Papio papio) were caged and allowed free
access to food and water up to approximately 18 hr prior to
injection of tracer. Baboon 1 weighed 29.5 kg and was approxi-
mately 18 yr old, while Baboon 2 weighed 16.8 kg and was
approximately 6 yr old. The anesthetized baboons (400-550 mg
ketamine; 0.4 mg atropine sulfate) were injected intravenously with
the tracer solution in a vein of either the hind- or foreleg. The
animals were placed supine in a u-shaped acrylic holder and were
maintained on saline (500-750 ml total) over the course of the
study. The animals were administered pentobarbital (400—650 mg
total) periodically during the experiment when they responded by
blinking to a gentle stream of air to the eye area. In an additional
study, Baboon |1 was co-administered testosterone (10.2 mg, 35.4
umol) with radiotracer I to observe whether prostate uptake was

receptor-mediated and thus saturable. In three studies, one with
each compound, blood samples were obtained. In two studies with
compound I, urine was removed from the animal via catheter at
two different times. All animal experiments were carried out in
compliance with the guidelines for the care and use of research
animals established by Washington University’s Animal Studies
Committee.

PET Imaging

PET imaging was performed with the PETT VI (six studies, all
three androgens in each of the two baboons) (54,55 ), the Siemens/
CTI ECAT EXACT 921 (two studies on Baboon 1 with compound
I, one of which was a blocking experiment) or the Siemens/CTI
ECAT 953b (two studies, one on each baboon, with compound III)
scanner.

The PETT VI device permits the simultaneous acquisition of
seven transverse tomographic slices, with a slice-to-slice separation
of 1.44 cm, a slice thickness of 1.39 cm and a reconstructed
resolution of 12.0 mm (FWHM). The Siemens/CTI ECAT EXACT
921 is a whole-body device that acquires 47 simultaneous slices of
~3.4 mm (FWHM) over an axial distance of 16.2 cm. This
tomograph has a best-case reconstructed spatial resolution of 5.5
mm (FWHM) in both the axial and transaxial directions. Recon-
structed spatial resolution under imaging conditions is approxi-
mately 8 mm (FWHM). The Siemens/CTI ECAT 953b acquires 31
simultaneous slices at a section interval of approximately 3.4 mm
over an axial extent of 10.6 cm. The 953b has spatial resolution
better than 6.6 mm in both the axial and transaxial directions. With
each study, a 10—-15 min transmission scan was performed using a
%8Ge/*®Ga source, prior to tracer injection and collection of initial
emission scans.

MRI

The baboons were imaged on a 1.5 T Siemens MAGNETOM
MRI device. The animals were anesthetized and unconscious as
described above. While several scanning sequences were used,
only the T2-weighted images are presented in the results.

Analysis of PET Data

All data were corrected to the time of tracer injection. ROIs were
typically obtained using isodensity contours on transaxial slices.
For the PETT VI and Siemens/CTI ECAT 953b studies, prostate
and bladder were defined at the 60 and 90 min time points,
respectively. Tissue ROIs were defined as the average of several
circular regions, representing muscle or another soft tissue. Blood
ROIs were defined from images obtained following the inhalation
of C'*0 (56) and represent the femoral vessels. Bone ROIs were
defined from transmission scans.

For the Siemens/CTI ECAT EXACT 921 studies, all ROIs were
defined by observation of the projected, three-dimensional ren-
dered images. A maximum pixel value method was used to
determine androgen receptor mediated and urinary associated
uptake, eliminating partial volume sampling errors (57). These
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FIGURE 1. Drawing of sagittal view of baboon pelvic region indicating the
proximity of the prostate in relation to the bladder (59).

values were converted to differential uptake ratio (DUR) using the
scanner’s automated calibration function and the body weight of
the baboon (58).

The validity of these ROIs was confirmed by comparison to
published information on baboon anatomy (57,58), as adapted in
Figure 1, and to MR images of the two baboons used in this study.

Blood Analysis

Blood samples were withdrawn from Baboon 1 following
injection of radioandrogens I, II and IIl. Immediately after
withdrawal, approximately 0.2 ml blood was delivered to a
preweighed glass vial for determination of percent injected dose
radioactivity per gram of (%ID/g). Another 0.2 ml blood was
delivered to a plastic centrifuge tube containing 0.2 ml absolute
ethanol for extractive fractionation and chromatographic determi-
nation of unmetabolized radioligand. Blood processing consisted of
vigorous mixing for 2 min followed by centrifugation at 27,000 G
for 45 min. The ethanolic fraction was spotted on a 5 X 20-cm
silica TLC plate (Redi/Plate silica gel G, Fisher Scientific, Pitts-
burgh, PA) and developed in 2:1 ethyl acetate:hexane. Analysis
was performed on a radio-TLC scanner (System 200 Imaging
Scanner, Bioscan, Washington, DC). Data for these blood analyses
are presented as percent extractable, unmetabolized radioligand:

Extractable, unmetabolized radioligand = (%ID/g)
X (fraction in ethanolic supernatant)

X (fraction unmetabolized by TLC).

RESULTS

Baboon PET Studies and Blood Analysis

Typical PET images using both the high-resolution ECAT
scanner and PETT VI are shown in Figures 2—4. Figure 2 shows
an ECAT EXACT-projected three-dimensional rendered image
of compound I in Baboon 1. In spite of the high uptake in the
bladder, kidney and liver, the areas of specific uptake are
clearly visualized. Figure 3 displays for both baboons the
correlation of the PETT VI images of compound I with MR
images. Figure 4 shows an ECAT EXACT 921 image of
compound I exhibiting specific uptake in AR-containing tissues
inferior to the prostate.

Prostate uptake data for all three compounds, as determined
by PETT VI, is shown in Table 2. The prostate to nontarget
(tissue, blood and bone) activity ratios determined from PETT
VI data at 60 min are shown in Figure 5 for all experiments,
except that in which compound II was injected into Baboon 2,
which is presented at 30 min postinjection. Blood metabolism
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FIGURE 2. Projected, three-dimensional rendered image of compound | in
Baboon 1, as obtained from the Siemens/CTlI ECAT EXACT 921 scanner.
Tissues of interest are indicated with arrows. The prostate is located at the
base of the large area of increased radioactivity in the center of the image of

data, presented as % ID/g unmetabolized compound, are plotted
versus time in Figure 6.

Compound I: For both animals, PETT VI prostate uptake of
compound I gave absolute values greater than 0.4 PETT VI
counts/voxel/sec/mCi, from 15 min through 90 min postinjec-
tion. Prostate to bone values remained above 3 from 30 min to
90 min postinjection for Baboon 2, and remained above 5 for
the older baboon during the same time period. Prostate to soft
tissue values greater than 6.5 were observed for both baboons at
60 min, and a prostate to blood value of greater than 3.5 was
observed in the older baboon at 60 min postinjection.

Because of its favorable characteristics, compound I was
studied further using the higher resolution ECAT EXACT 921.
Scanning of Baboon 1 after injection of high-effective specific
radioactivity I, resulted in prostate DUR of between approxi-
mately 25 and 30 from 40 to 60 min postinjection, as shown in
Figure 7. Withdrawal of urine activity via catheter at 118 min
postinjection caused bladder DUR values to drop dramatically,
from a range of approximately 4855 prior to withdrawal to a
value of 28 post; prostate DUR values actually increased after
withdrawal of urine. A second removal of urine from the

FIGURE 3. Comparison of transaxial images obtained with MRI (left, gray
scale) to those obtained 60 min after injection of compound | with PETT VI
(right, color). Upper images are of Baboon 2; lower are of Baboon 1. The
medially located medium gray area in the MR images and the white area of
increased radioactivity in the PET images is the prostate.
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FIGURE 4. Siemens/CTl ECAT EXACT 921 transaxial images of tissues
inferior to the prostate which are known to contain AR: bulbourethral gland
and corpus spongiosum. Images obtained using compound | in Baboon 1.
Testicular uptake is also observed as compound | is expected to cross the

baboon at 290 min caused bladder DUR to drop to 10, while
prostate radioactivity remained constant.

As expected, injection of testosterone with I gave prostate
DUR well below 10 at 20-40 min, as observed on the ECAT
EXACT 921 (Fig. 7). As before, removal of 22.9% ID as urine
at 120 min resulted in a drop in bladder DUR from a maximum
of over 35 at 40 min to less than 10 at 140 min postinjection.

Compound II: Prostate uptake of II in Baboon 1 was between
0.2 and 0.27 PETT VI counts/voxel/sec/mCi from 15 min to 60
min postinjection and increased to greater than 0.5 at 90 and
120 min. In the younger baboon, uptake was erratic and
remained below 0.4 through 60 min, but was greater than 1.2 at
90 to 120 min. At 120 min, this compound gave prostate to bone
ratios of 10 for Baboon 1. The level of 0.005% ID/g unmetabo-
lized II, present in blood at 2 min, decreased gradually to less
than 0.002% ID/g at 30 min postinjection (Fig. 6).

Compound III: Prostate uptake for compound III in Baboon
1 remained at or below 0.21 PETT VI counts/voxel/sec/mCi for
the duration of the 120-min experiment. Uptake in Baboon 2
was between 0.36 and 0.38 from 15 to 60 min postinjection, and
increased to greater than 0.5 by 120 min. At 60 min, prostate to
soft tissue and prostate to blood ratios were between 2 and 3 for
both animals, and prostate to bone ratios were near unity.

This compound was also studied in the higher resolution
ECAT 953b. Prostate to soft tissue and prostate to blood activity

Prostate to non-target ratio

-1
Experiment

-2* -1 -2

FIGURE 5. PETT VI target to nontarget ratios for compounds |, Il and Il in
Baboons 1 and 2 at 60 min postinjection. The soft-tissue value was
determined using several circular regions of low uptake surrounding the
prostate which represent muscile and other soft tissue. Emors shown are the
standard deviation of the pixel counts included in the region. *Ratios for
compound Il in Baboon 2 are shown for 30 min postinjection due to a
technical problem with the 60-min data.

ratios ranged from 6 to 9 at 60 min. At this time, the prostate to
bone ratio in this scanner was near 3 for the older baboon and
near 5 for the younger baboon. A comparison of prostate to
nontarget ratios, determined by PETT VI and ECAT 953b, is
shown for compound III in both baboons in Figure 8. As with
II, the unmetabolized compound was initially present in blood
at 0.005% ID/g; this value decreased rapidly to nearly unde-
tectable levels after 30 min (Fig. 6). All activity in the blood
was present as metabolites.

Anatomy and Uptake

Although the primate prostate is close to other tissues
containing high levels of radioactivity such as the bladder, we
ascertained that the regions defined as prostate are, in fact,
prostate and that the uptake of radioactivity in these regions is
mediated by the androgen receptor through several observa-
tions: (a) in the PETT VI experiments, the time-activity curves
for compound I in both baboons indicated that the region
defined as prostate (through comparison to MR images (Fig. 3)
and published baboon anatomy (Fig. 1)) exhibited uptake which
increased to a peak or a plateau in 30 to 90 min, as expected for
an androgen-receptor mediated process; (b) the site of this
activity was immediately inferior to tissue which exhibited

TABLE 2
Prostate Radioactivity Following Administration of Radioandrogens I-lll in Baboons 1 and 2 as Measured with PETT VI*
Time Compound | Compound Il Compound il
(min) Baboon 1 Baboon 2 Baboon 1 Baboon 2 Baboon 1 Baboon 2
0 0.1 0.24 0.33 0.22 0.16 0.24
15 0.41 0.41 0.20 0.21 0.18 0.36
30 0.42 0.46 0.21 0.38 0.20 0.38
60 0.44 0.47 0.27 t 0.19 0.38
90 0.40 0.42 0.59 1 0.21 0.43
120 0.39 0.24 0.55 1 0.17 0.51

*Prostate region was defined with an isodensity contour. Radioactivity is for one transaxial slice normalized to amount of tracer injected and is reported

in the units PETT VI counts/voxel/sec/mCi.
TNo data due to image reconstruction problems.
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FIGURE 6. Semi-logarithmic plot versus time of blood unmetabolized,
ethanol extractable radioligand for the three compounds in Baboon 1.

extremely high and progressively increasing uptake, which
clearly was bladder; (c) in the ECAT EXACT experiment in
which high-effective specific radioactivity I was delivered to
Baboon 1, removal of urine twice via catheterization caused a
50% decrease in bladder radioactivity, while prostate activity
increased slightly, thereby indicating that the region defined as
prostate is not simply image spillover from urinary radioactiv-
ity; (d) the testosterone-blocking experiment performed on the
ECAT EXACT scanner resulted in a 70% drop in prostate
DUR, suggesting that the prostate uptake is limited capacity and
androgen receptor mediated (Fig. 7) and, as in all other studies,
increasing uptake in the bladder was observed even with
testosterone blocking. Our studies do not rule out the possibility
that the added testosterone blocks SHBG binding and so
dramatically increases metabolism of compound I.

Other androgen receptor-containing tissues in the baboon, the
bulbourethral gland (BG) and the corpus spongiosum (CS),
which lie inferior to the prostate, show increased uptake of
radioactivity. These structures can be seen in Figure 1. While in
the hamster the BG has been shown to contain abundant AR
(60), the CS has been shown to contain low levels of AR in
mature mammals (6/,62) and is thus not likely to be a target site
for PET. Qualitative analysis of the time-activity curves for
these regions in the compound I experiments indicated that the
radioactivity observed is clearly distinguishable between blood
pool, AR-associated and urine (data not shown). Blood pool
activity, as defined from C'°0 scans, gradually drops off from
among the highest levels of all the tissues initially, to among the
lowest levels at the final time point in both baboons. AR-
associated activity in the prostate and other target sites such as
the BG increased to a peak near 60 min in both baboons with
the younger baboon’s AR-mediated uptake dropping to near
blood levels shortly after 60 min, with the drop being more
gradual in the older baboon. The rate of accumulation of urinary
activity was somewhat variable, but bladder activity reached
high levels.

Although all three compounds showed similar prostate up-
take (as measured in PET units), compound I showed high
absolute uptake (Table 2) and the highest prostate to soft tissue
ratio. Using the higher resolution ECAT EXACT 921 scanner,
we could demonstrate that a blocking dose of unlabeled
testosterone caused a 70% drop in the prostate and BG activity,
suggesting that the compound uptake is AR-mediated. All
urogenitary regions in several slices were evaluated on a
maximum pixel radioactivity basis (to eliminate partial volume
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sampling) (Fig. 9). No decline was seen in CS activity, which
appears to be near the level of that of the blood pool, consistent
with the low levels of AR in this tissue (61,62).

The comparison of the prostate to nontarget ratios for
compound III on the PETT VI scanner versus those on the
higher resolution Siemens ECAT 953b scanner indicated the
advantages of the higher resolution instrument (Fig. 8). An
organ the size of a walnut in humans, the baboon prostate is
small enough to cause partial volume errors. The prostate to
nontarget ratios in the lower resolution PETT VI studies with
III were on the order of two- to six-fold lower than those
obtained with the ECAT 953b.

Metabolic Stability and SHBG Affinity

A time-activity plot comparing the amount of compounds I,
II and III that are present in the blood in an unmetabolized,
extractable form, are shown in Figure 6. Initially, compound I
was present unmetabolized in blood at a level six-fold higher
than either II or III, and it remained higher than the mibolerone
derivatives up to 30 min after the time of injection. Thus, at
least as far as we have examined, there is a positive correlation
between a compound’s affinity for SHBG (Table 1) and its
metabolic stability in the blood of primates; this stability may
lead to increased uptake of compound I into AR-rich target
tissues.

We cannot determine through these studies whether the high
SHBG binding of compound I plays a more direct role in its
higher level of prostate uptake, as suggested by some studies in
animals and in cell culture (45-48). The prostate to bone uptake
ratios at 2 hr postadministration are presented in Figure 9,
together with the ratios obtained in a previously published
biodistribution study in the rat (23,24). There are major species
differences in these uptake ratios: Compound I exhibited a
37-fold increase in prostate-to-bone ratio in the baboon com-
pared to the rat, while the ratio for compound II increased only
8-fold in the baboon,; the ratio for compound III in the baboon
decreased slightlz, to one half of that observed in the rat. Since
bone uptake of '°F is thought to be indicative of the metabolic
release of ['®F]fluoride ion, the increased prostate to bone ratios
for compounds I and II in the baboon implies that

40 L] L L] v T
—#— Unblocked
—#&— Blocked

20 T -

Prostate DUR

10F b

0 60 120 180
Time (min)

240 300 360

FIGURE 7. Maximum pixel analysis of the uptake of radioactivity into the
prostate of Baboon 1 following injection of | with (blocked) or without 10.2 mg
testosterone as measured with the Siemens/CTl ECAT EXACT 921 scanner.
The error bars represent the maximum error for a time point within a data set.
In the unblocked experiment urine was removed (indicated by arrows) via
bladder catheterization at 118 min (22.3% ID) and 290 min (13.4% ID)
postinjection of tracer; in the blocked experiment urine was removed at 120
min (22.9% ID) and 184 min (7.8% ID).
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there is less defluorination of the 16B-fluorinated steroids in the
baboon. The difference in prostate to bone uptake ratio for I as
compared to II may be attributable to its higher SHBG affinity,
as described above.

These baboon experiments give us an appreciation of the
limitations of the rat biodistribution model for the evaluation of
androgens as potential imaging agents in man. Without the
presence of serum SHBG, androgen receptor ligands with
structural features that reduce metabolism (e.g., 17a-methyl
substitution) and increase the affinity for rat AR, give higher
prostate uptake in the rat than do derivatives of the endogenous
ligands T or DHT, regardless of the compound’s affinity for
SHBG. Thus, the male rat model does not predict the target
uptake of androgens expected in primates quantitatively.

Our findings also suggest that in addition to high AR binding
affinity, high SHBG affinity is also desirable for AR imaging
agents. The beneficial effect of SHBG binding that we observed
on target tissue uptake and selectivity in this study may also
account for an apparent curiosity we have encountered recently
in PET imaging of estrogen receptors in human female breast
cancer patients with 168-['®F]fluoromoxestrol (BFMOX)
(63,64). BFMOX has the highest ER-mediated target uptake in
rats (63,64) of more than 20 radioestrogens studied, and its
affinity for SHBG is 256 times lower than that of 16a-
['®F]fluoroestradiol (FES) (51,65), the agent being used for
PET estrogen receptor imaging (66—68). Nevertheless, our
experience with BFMOX to date in humans, has been disap-
pointing (Dehdashti F, Siegel BA, Bonasera TA, Katzenellen-
bogen JA, Welch MJ, personal communication, 1995) we have
been unable to detect ER-positive (ER+, greater than 3
fmol/mg protein) breast cancer in three patients with known
ER+ status (as determined by ex vivo ER assays on a biopsy
sample) and BFMOX also exhibited high uptake into the blood
vessel into which it was injected. Both phenomena could be
attributed to the low affinity BFMOX has for SHBG (69).

CONCLUSION

All three androgens studied showed specific uptake in the
baboon prostate. A combination of ease of synthesis and
superior target to nontarget tissue ratios led us to select
compound I, 16B-['®F]fluoro-5a-dihydrotestosterone, for the
evaluation of AR in men with metastatic prostate cancer.

Prostate to bone rati

1.2385

Compound

FIGURE 8. Comparison of 2 hr postinjection rat (23,24 ) and baboon prostate
to bone ratios for compounds |, Il and lil. Baboon data are from PETT VI
studies and represent the average of the values obtained from Baboons 1
and 2 for compounds | and Hll, or for Baboon 1 for compound Il.

Prostate to non-target ratio

-1 PETT V lIl-1 ECAT -2 PE

Experiment

FIGURE 9. PETT VI versus Siemens/CTl ECAT 953b comparison of prostate
to nontarget ratios at 1 hr postinjection of compound lll in Baboons 1 and 2.

Approval by both the Human Studies Committee and the
Radioactive Drug Research Committee of the Washington
University School of Medicine has been obtained to begin this
study. The present study has also shown the limitations of the
rat model routinely used to evaluate radiolabeled androgens as
imaging agents. The high bone uptake of compound I observed
in the rat model was not seen in the primate. The study suggests
an important role of SHBG in the metabolism and possibly the
target tissue uptake of these radiolabeled steroids. This role
needs to investigated further.
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