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EXECUTIVE SUMMARY

Estrogens have been implicated in the growth and
development of certain breast and endometrial can-
cers, and possibly prostate cancer. Limiting the avail-
ability of estrogens by use of estrogen-receptor
antagonists (e.g., tamoxifen), or inhibiting estrogen
biosynthesis, are potential mechanisms for inhibiting
estrogen-dependent tumor cell proliferation. One tar-
get for such inhibition is aromatase, an enzyme com-
plex consisting of a cytochrome P450 heme protein
and a flavoprotein NADPH cytochrome P450 reduc-
tase, which catalyzes the conversion of andro-
stenedione and testosterone to estrone and estrogen,
respectively [1]. Aromatase is located in the en-
doplasmic reticulum of ovary, adipose, breast, pros-
tate, and other peripheral tissues, and has been found
at elevated concentrations in breast cancer tumors
[2]. Both (+)-vorozole (R 83842) and racemic voro-
zole (R 76713) have been potent, specific aromatase
inhibitors in preclinical in vitro and in vivo studies
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and in preliminary clinical studies; activity of the
racemate is attributed to the dextroenantiomer, (+)-
vorozole [2].

The primary advantages of (+)-vorozole over cer-
tain other aromatase inhibitors, such as amino-
glutethimide (AG) and 4-hydroxyandrostenedione
(4-OHA), are its specificity for inhibiting estrogen
synthesis at concentrations which have little effect on
other steroid biosynthetic enzymes, its potency, and
its relative lack of toxicity [3,4]). Clinical effective-
ness of aromatase inhibitors as chemotherapeutic
agents was first established with AG; however, tox-
icity from AG includes nausea, lethargy, ataxia, rash,
and blood dyscrasia [3]. AG inhibits synthesis of
mineralocorticoids and glucocorticoids {4], requires
co-treatment with cortisol replacement therapy [5],
and is ineffective against ovarian estrogen production
[2]. Clinical effectiveness has also been demon-
strated with 4-OHA [5]; however, this compound has
limited potential as a chemopreventive agent because
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it cannot be administered orally [4], whereas (+)-
vorozole is readily absorbed on oral administration.
In addition, (+)-vorozole inhibits aromatase activity
in vitro at concentrations 30- and 1,000-times lower
than 4-OHA and AG, respectively {2].

The NCI, Chemoprevention Branch has investi-
gated the chemopreventive activity of (+)-vorozole
in the MNU-induced rat mammary gland model and
found it effective at inhibiting the formation of tu-
mors. In published in vivo studies with established
tumors, vorozole racemate and/or (+)-vorozole have
been shown to cause growth inhibition or regression
in existing tumors in the DMBA- and MNU-induced
rat mammary tumor models.

Limited published information on preclinical tox-
icity and pharmacokinetics is available. Increased
ovarian weights and some modulation of other hor-
mone levels (decreased progesterone and increased
LH, FSH, androstenedione and testosterone levels)
have been reported infrequently at dose levels similar
to those required to reduce serum estradiol levels.
(+)-Vorozole is well tolerated and apparently well
absorbed via oral administration.

No NCI, Chemoprevention Branch-sponsored
clinical studies with (+)-vorozole have been under-
taken. In published Phase I trials with men and
women (pre- and postmenopausal), aromatase inhi-
bition has been successfully demonstrated with (+)-
vorozole or vorozole racemate with no reported
toxicity and a short biological half-life ( hours). Re-
cent Phase 11 trials with (4+)-vorozole indicate some
efficacy as a therapeutic agent in breast cancer pa-
tients who had relapsed following tamoxifen therapy;
daily administration of (+)-vorozole was very well
tolerated, with limited, mild clinical side effects.

Vorozole is available through the Janssen Re-
search Foundation in Spring House, PA and Beerse,
Belgium. For clinical testing, vorozole racemate and
(+)-vorozole have been supplied as tablets (1,2.5, and
5 mg). In animal testing, vorozole racemate and (+)-
vorozole have been formulated in polyethyleneglycol
and water. No other sources of (+)-vorozole have
been identified.

The NCI, Chemoprevention Branch has tenta-
tively planned short-term Phase II studies in breast
and/or prostate cancer patients in the period between
diagnosis and surgery. (+)-Vorozole is not currently
marketed in the US as a pharmaceutical product for
any indication; therefore, it has no history of regula-
tory activity. An agreement with the Janssen Re-

search Foundation may be required for further devel-
opment of this agent.

PRECLINICAL EFFICACY STUDIES

(+)-Vorozole inhibited tumor formation in the
MNU-induced rat mammary gland model, and (+)-
vorozole and/or vorozole racemate inhibited tumor
growth in both the MNU- and DMBA-induced rat
mammary gland models. (+)-Vorozole and vorozole
racemate activity and specificity as aromatase inhibi-
tors have been demonstrated in numerous in vitro and
in vivo studies. (+)-Vorozole has clearly been the
active component in the racemic mixture in all test
systems.

In NCI, Chemoprevention Branch-sponsored
chemoprevention studies, oral administration of 2.5
or 5 mg (+)-vorozole/kg-bw/day (7.7 or 15 pumol/kg-
bw/day) was highly effective, inhibiting tumorigene-
sis in the MNU-induced rat mammary gland model
by >90% at both doses [6]. At 2.5 mg/kg-bw/day (7.7
umol/kg-bw/day), continual treatment (study dura-
tion=150 days) with (+)-vorozole was found to be
more effective than short-term (3060 days) or inter-
mittent (21 days on/21 days off) dosing schedules [7].
A separate study was recently initiated to investigate
lower doses (0.08-1.25 mg/kg-bw, or 0.25- 3.85
pmol/kg-bw) in the same model. In the in vitro
MMOC assay, (+)-vorozole was not effective; the
inactivity in MMOC may be due to the lack of aro-
matase in the mammary culture system.

In a published chemotherapy study, the growth of
existing tumors was inhibited by administration of
400 mg vorozole racemate/kg diet (ca. 62 pmol/kg-
bw/day) in the MNU-induced rat mammary gland
model; the response was similar to that obtained by
ovariectomy [8]. In the DMBA-induced rat mam-
mary gland model, ig administration of 1 mg vorozole
racemate/kg-bw twice daily (6 umol/kg-bw/day)
caused both regression of established tumors and
inhibition of new tumor formation [9]. In the same
model, 2.5 mg (+)-vorozole/kg-bw twice daily (15
umol/kg-bw/day) was shown to be as effective at
reducing the multiplicity (tumors/animal), volume,
and weight of tumors as ovariectomy, and more ef-
fective than similar doses of vorozole racemate; (—)-
vorozole was ineffective [10].

Aromatase inhibition and reduction of estro-
gen/estradiol levels by (+)-vorozole and/or vorozole
racemate have been demonstrated in vivo in rats,
mice, and monkeys. Serum estradiol levels were sig-
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nificantly reduced to levels comparable to ovariecto-
mized animals by 0.2 mg vorozole racemate/kg-bw
twice daily (1.2 pmol/kg-bw/day) in female rats bear-
ing DMBA-induced mammary tumors [10]. Estra-
diol levels were also significantly reduced by doses
of 5 mg vorozole racemate/kg-bw twice daily (31
pumol/kg-bw/day) in normal female rats [9], and by
doses of 0.001 mg (+)-vorozole/kg-bw/day (0.003
pumol/kg-bw/day) in pregnant mare serum gonado-
tropin-injected female rats [11]. In human JEG-3
choriocarcinoma (malignant trophoblast) tumors
grown in female nude mice, vorozole racemate sig-
nificantly reduced aromatase activity after single oral
doses of 0.25 or 5 mg/kg-bw (0.8 or 15 pmol/kg-bw)
[12]. In male cynomolgus monkeys, single iv injec-
tions of 0.003 mg vorozole racemate/kg-bw (0.009
umol/kg-bw) inhibited the conversion of andro-
stenedione to estrone [13].

These in vivo studies have been supported by in
vitro studies indicating vorozole racemate and (+)-
vorozole as potent, selective inhibitors of aromatase
activity, with little effect on other steroid biosynthe-
ses. Inhibition of aromatase activity by (+)-vorozole
and/or vorozole racemate has been demonstrated in
vitro in FSH-stimulated rat granulosa cells [11}, and
in human placental microsomes [2] and in choriocar-
cinoma [12], ovarian, adipose stromal, testicular and
adrenal cell cultures [14].

PRECLINICAL SAFETY STUDIES

No toxicity studies with (+)-vorozole have been
sponsored by the NCI, Chemoprevention Branch.
However, in a Chemoprevention Branch-sponsored
efficacy study in female rats, oral administration of 5
mg (+)-vorozole/kg-bw/day (15 umol/kg-bw/day)
resulted in increased body weights and muscularity,
chronic diestrus, slightly increased ovarian weights,
and decreased uterine weights; one (1/20) rat was
sacrificed because of a kidney mass [6].

(+)-Vorozole is not currently marketed as a phar-
maceutical product, and no specific toxicity or
ADME data have been published on this compound;
however, animal studies examining estrogen/estra-
diol levels have not reported severe toxicity from oral
administration of either vorozole racemate or (+)-
vorozole at doses of 0.001-20 mg/kg-bw/day (0.003—
62 umol/kg-bw/day). Female rats treated orally with
vorozole racemate showed a significant increase in
ovarian weights at the 20 mg/kg-bw/day (62
umol/kg-bw/day) dose level; however, no effect on

ovarian weights was produced by the lower dose (5
mg/kg-bw twice daily, or 31 pumol/kg-bw/day),
which was the lowest estrogen-inhibiting dose [9].

One of the advantages of (+)-vorozole over other
aromatase inhibitors currently in use as
chemotherapeutic agents is its specificity; doses of
(+)-vorozole necessary to affect the biosynthesis of
other steroids are generally 10-10,000 times higher
than those which inhibit aromatase activity. How-
ever, in a few studies, effects on other steroid biosyn-
theses were observed at doses near the lowest
aromatase-inhibiting dose. In normal female rats,
progesterone levels were significantly decreased and
LH levels were significantly increased by doses of
1-5 mg vorozole racemate/kg-bw/day (3-15
pumol/kg-bw/day), whereas a dose of 5 mg/kg-
bw/day was required to significantly reduce serum
estradiol levels [9]. In female rats bearing DMBA-in-
duced mammary tumors, oral administration of voro-
zole racemate resulted in significantly increased
levels of testosterone and androstenedione at 0.2
mg/kg-bw/day (0.6 pmol/kg-bw/day), significantly
increased LH levels at 1 mg/kg-bw/day, and signifi-
cantly increased FSH levels at 5 mg/kg-bw/day; 0.2
mg/kg-bw/day was sufficient to significantly reduce
serum estradiol levels [10].

CLINICAL SAFETY: PHASE I/1f STUDIES

No NCI, Chemoprevention Branch-sponsored
Phase I studies have been performed. Four Phase I
trials involving single oral doses ranging from 0.25-
20 mg (0.01-1.0 pmol/kw-bw) of vorozole racemate
or (+)-vorozole have been reported in the literature;
in all studies, vorozole was well tolerated and estro-
gen/estrone levels were significantly inhibited.

Drug Effect Measurement: Aromatase inhibition
by single oral doses of 1-20 mg (+)-vorozole or
vorozole racemate was reported in four published
Phase I pilot studies in males and pre- and post-
menopausal females. Estradiol levels were reduced
to detection limits in normal male volunteers (n=4)
4-8 hours after a single oral dose of 5 or 10 mg
vorozole racemate (ca. 0.22-0.44 pmol/kg-bw) [8].
After a single oral dose of 2.5 or 5 mg (+)-vorozole
(ca. 0.11-0.22 pmolkg-bw) in male volunteers
(n=6), maximum suppression of estradiol was ob-
served at 24 hours; lower doses (0.25-1 mg; ca.
0.01-0.04 umol/kg-bw) were less effective [15]. In
healthy, premenopausal women (n=15), a single oral
dose of 20 mg vorozole racemate (ca. 1.0 pmol/kg-
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bw) significantly reduced plasma estradiol levels
>60% after 8 hours [8]. Inhibition of aromatase ac-
tivity by single, oral doses of 1-5 mg vorozole race-
mate (ca. 0.05-0.22 umol/kg-bw) was evaluated in
postmenopausal women (n=12) by the conversion of
labelied androstenedione to estrone; almost complete
inhibition of aromatase activity was demonstrated
over a four-day period [16]. Dose-related effects on
aromatase activity or estradiol levels from doses be-
low 1 mg (+)-vorozole or vorozole racemate have not
been conclusively reported in the literature.

In four published Phase I/IT multidose trials with
postmenopausal women (n=21-29), 1-5 mg (+)-
vorozole or vorozole racemate qd (ca. 0.05- 0.24
umol/kg-bw qd) significantly decreased estradiol
levels to near or below detection levels after one
month of dosing.

Safety: Doses of 0.25-20 mg (+)-vorozole or voro-
zole racemate (ca. 0.01-1.0 umol/kg-bw) have been
well tolerated with no reported side effects in all
single-dose clinical studies.

Side effects reported from multiple dosing with
1-5 mg (+)-vorozole or vorozole racemate qd (ca.
0.05-0.24 pmol/kg-bw qd) in four Phase II studies in
postmenopausal, advanced breast cancer patients
(n=24-29 per study) have included malaise, head-
ache, nausea, anorexia, fluid retention, alopecia,
light-headedness, hot flashes, GI symptoms, allergic
skin reactions, and yeast infections; these effects have
all been reported as mild and limited for median
treatment durations of 1-24 months [4,17-19]. Some
of these side effects (malaise, headache, nausea, fluid
retention, light-headedness, and hot flashes) are ex-
pected from decreased estrogen levels in post-
menopausal womern.

Limited effects on non-target steroid levels have
been reported from one Phase I and three Phase II
multidose studies (1-5 mg (+)-vorozole or vorozole
racemate qd, or ca. 0.05-0.24 pmol/kg-bw qd) in
postmenopausal, advanced breast cancer patients
[4,15, 17-19]. Significantly increased LH and FSH
levels and significantly decreased cortisol and sex
hormone binding globulin (SHBG) were observed
after one month of 1-5 mg (+)-vorozole or vorozole
racemate qd [4,15,17]; otherwise, no effects on other
steroid levels (aldosterone, androstenedione, 170~
hydroxyprogesterone, testosterone, or thyroid-
stimulating hormone) have been reported in these
Phase I/II studies.

ADME: (+)-Vorozole and vorozole racemate are

readily absorbed following oral administration. Peak
plasma levels are reached within one hour of admini-
stration, then vorozole decays biphasically, with a
terminal t, of less than 8 hours {8,15]. In a Phase I
study with healthy male volunteers, single oral doses
of 0.25-5 mg (+)-vorozole (ca. 0.01- 0.22 umol/kg-
bw) resulted in a dose-related increase in plasma
levels (Cmax=3.68-107 ng/ml) [15]. In a separate
Phase I trial in healthy males, peak plasma levels
were 80 and 156 ng/ml for doses of 5 and 10 mg
vorozole racemate (ca. 0.22— 0.44 pmol/kg-bw), re-
spectively [8].

In two multidose Phase II studies with post-
menopausal, advanced breast cancer patients, trough
plasma vorozole levels after one month of daily ad-
ministration were 2.9, 12.0, and 57.5 ng/ml for doses
of 1, 2.5, and 5 mg (+)-vorozole qd (ca. 0.05- 0.24
umol/kg-bw qd), respectively [4]. In a separate study,
daily doses of 2.5 mg (+)-vorozole qd (ca. 0.12
pmol/kg-bw qd) showed consistent steady-state
trough levels from 1 to 12 months [17].

CLINICAL EFFICACY: PHASE 11 STUDIES

No Phase II clinical efficacy studies examining
(+)-vorozole as a chemopreventive agent have been
sponsored by the NCI, Chemoprevention Branch or
published in the literature.

Four Phase Il chemotherapeutic clinical studies
are currently ongoing or have recently been com-
pleted to examine the efficacy of (+)-vorozole or
vorozole racemate in advanced breast cancer pa-
tients. Temporary disease response or stabilization
was observed in 57— 63% of all evaluable patients
treated for 1-24 months with doses of 1-5 mg (+)-
vorozole qd (ca. 0.05-0.24 umol/kg-bw qd); serum
estradiol levels were significantly suppressed, and all
doses were well tolerated [4,17-19).

PHARMACODYNAMICS

The relationship between a defined decrease in
estrogen levels and clinical effectiveness has not yet
been clearly demonstrated. The lowest dose of (+)-
vorozole reported to decrease estradiol levels in fe-
male rats was 0.001 mgkg-bw/day (0.003
umol/kg-bw/day) [11]. In chemotherapy studies re-
ported in the literature, doses of 2-5 mg (+)-vorozole
or vorozole racemate/kg-bw/day (6-15 pmol/kg-
bw/day) were required to cause regression of existing
tumors [8-10]; efficacy was not demonstrated at
lower doses (0.2-0.63 mg/kg-bw twice daily, or 1.2~
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3.9 umol/kg-bw/day). The threshold aromatase inhi-
bition necessary for tumor inhibition in animals has
not been defined. Doses of 2.5 or 5 mg (+)-voro-
zole/kg-bw/day (7.7 or 15 pmol/kg-bw/day) effec-
tively inhibited tumorigenesis in the MNU-induced
rat mammary gland tumor model [6]. No results from
chemopreventive studies at lower doses have been
reported.

In clinical trials, aromatase inhibition has been
demonstrated from single oral doses of 0.25-5 mg
(+)-vorozole (ca. 0.01-0.22 pmol/kg-bw), while
some chemotherapeutic response has been reported
from doses of 1 mg (+)-vorozole qd (ca. 0.05 pmol/
kg-bw qd). Inconsistent chemotherapeutic response
has not been attributed to inadequate plasma vorozole
levels [17]. Instead, responsiveness may be related to
estrogen-dependence; tumors which have not devel-
oped estrogen-independence are likely to be more
sensitive to modulation of estrogen levels by (+)-
vorozole treatment. Potentially, even lower doses of
(+)-vorozole could be effective at earlier stages of
tumorigenesis, since the cells would be more likely
to be estrogen-dependent.

PROPOSED STRATEGY FOR CLINICAL
DEVELOPMENT

Drug Effect Measurement Issues

Since the proposed mechanism of chemopreven-
tive efficacy is the suppression of circulating estrogen
levels, clinical studies should include monitoring of
plasma estrogen levels; however, the correlation be-
tween estrogen levels and clinical effectiveness has
not yet been clearly demonstrated. Dowsett [3] ar-
gues that the best measurements of aromatase inhibi-
tion in vivo are plasma estradiol levels because
estradiol is the most potent estrogen, plasma is the
most relevant and easily available fluid, and highly
sensitive methods have been developed for this assay.

Effects on aromatase activity (conversion of an-
drostenedione to estrone) can also be measured di-
rectly; however, methods reported for this
measurement involve injection of radiolabeled sub-
strates [16], which is impractical for most clinical
trials.

Safety Issues

Both (+)-vorozole and vorozole racemate have
been well tolerated in all clinical studies. No side
effects have been reported from single oral dosing

studies. Side effects reported in multidose Phase II
studies included headache, nausea, anorexia, hot
flashes, GI symptoms, allergic skin reactions, and
yeast infections; generally these effects have been
reported as mild and limited. Some of the side effects
reported are expected from decreased estrogen levels
in postmenopausal women.

Two studies with rats reported effects on ovarian
weights from chronic oral administration of (+)-voro-
zole or vorozole racemate. In an NCI, Chemopreven-
tion Branch-sponsored efficacy study in rats, oral
administration of 5 mg (+)-vorozole/kg-bw/day (15
umol/kg-bw/day) resulted in chronic diestrus,
slightly increased ovarian weight and decreased uter-
ine weights [6]. A study with female rats treated
orally with vorozole racemate found a significant
increase in ovarian weight at the 20 mg/kg-bw/day
(62 umol/kg-bw/day) dose level; however, no effect
on ovarian weight was produced at the lowest estro-
gen-inhibiting dose of 5 mg/kg-bw/day (15 umol/kg-
bw/day) [9]. It is unclear what the long-term effects
of ovarian proliferation are in humans.

While one of the advantages of (+)-vorozole over
other aromatase inhibitors is its specificity, effects on
the biosynthesis of other steroids have been observed
in a few animal studies at dose levels near the lowest
aromatase-inhibiting levels. Preclinical and clinical
effects of (+)-vorozole and/or vorozole racemate on
androstenedione, cortisol, FSH, LH, progesterone,
SHBG, and testosterone indicate the necessity of
monitoring hormonal levels during clinical trials.
Decreased estrogen levels from (+)-vorozole admini-
stration appear to stimulate a positive feedback effect
on FSH and LH synthesis.

The long-term effects of (+)-vorozole administra-
tion are unknown; estrogen-sensitive parameters
such as decreased bone mass and increased risk for
heart disease have not been addressed.

Pharmacodynamics Issues

Insufficient data are available to correlate plasma
vorozole and estrogen levels to either aromatase ac-
tivity, chemopreventive efficacy, or toxicity. Evi-
dence from limited data indicate that single oral doses
as low as 0.001 mg (4)-vorozole/kg-bw (0.003
umol/kg-bw/day) in rats and 0.25 mg qd (ca. 0.01
umol/kg-bw qd) in clinical studies were sufficient to
observe some reduction in estradiol levels, while
doses of 2-5 mg (+)-vorozole or vorozole race-
mate/kg-bw/day (ca. 6-15 umol/kg-bw/day) in rats
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and 1 mg (+)-vorozole gd (ca. 0.05 pmol/kg-bw qd)
in humans were required for mammary tumor regres-
sion. These results imply that relatively high inhibi-
tion of aromatase activity is required to achieve
therapeutic efficacy with this compound. The mini-
mum decrease in estradiol to obtain chemopreventive
activity, without undue effect on the ovary, needs to
be established. No ADME studies in animals have
been published.

In Phase 1I clinical trials, plasma vorozole levels
of 2.9-95 ng/ml were observed after one month of
dosing with 1-5 mg qd (+)-vorozole or vorozole
racemate (ca. 0.05— 0.24 umol/kg-bw qd); estradiol
levels were significantly inhibited at these doses.
Interestingly, in one Phase I study, maximum sup-
pression of estradiol levels occurred after 24 hours,
although the mean terminal plasma ty, for vorozole
was less than eight hours [15].

Regulatory Issues

(+)-Vorozole and vorozole racemate are not cur-
rently marketed as pharmaceutical products for any
indication. Since Janssen has initiated development
of both the racemate and the (+)-enantiomer, data
from toxicity studies required by the FDA may be
available. Also, since the Janssen Research Founda-
tion appears to be the sole source of vorozole, an
agreement with them should be sought to allow ac-
cess to preclinical (i.e., higher dose and longer toxic-
ity studies to characterize adverse effects in rats and
dogs) and clinical data to support the proposed NCI
studies.

According to the FDA Policy Statement for the
Development of New Stereoisomeric Drugs, differ-
ences in pharmacokinetics of single enantiomers ver-
sus racemic mixtures and significant conversion to
the other isomer must be evaluated for single enan-
tiomer products developed from marketed racemic
mixtures [20]. It is not clear if this requirement is
limited to newly resolved enantiomers from racemic
mixture products currently on the market. Therefore,
it needs to be determined whether the FDA will
require that pharmacokinetic and isomeric stability
studies be performed with both (+)-vorozole and
vorozole racemate.

Intermediate Biomarker Issues

Evidence of mammary tumor regression and inhi-
bition of tumor growth by (+)-vorozole in humans
and rats suggests that evaluation of histological

biomarkers (i.e., size and grade of DCIS and other
lesions and nuclear morphometry) and proliferation
markers (PCNA and MIB-1) would be of high inter-
est. Intermediate biomarkers of interest in the prostate
include PSA, MIB-1, c-erbB-2, PIN, angiogenesis,
DNA ploidy, nuclear morphometry and PCNA. .

Supply and Formulation Issues

Vorozole is available though the Janssen Research
Foundationin Spring House, PA, or Beerse, Belgium.
For clinical testing, vorozole racemate and (+)-voro-
zole have been supplied as tablets (1, 2.5 and 5 mg).
In animal testing, vorozole racemate and (+)-voro-
zole have been diluted in polyethyleneglycol and
water. No other sources of (+)-vorozole have been
identified.

An agreement with the Janssen Research Founda-
tion may be required for supply of the formulated
product.

Clinical Studies Issues

The NCI, Chemoprevention Branch is considering
short-term Phase II studies in breast or prostate can-
cer patients with vorozole administered in the period
between diagnostic biopsy and definitive surgery.
While the role of estrogen in the development of
breast cancer has been extensively investigated, its
relationship to prostate cancer is less well understood.
Although pharmacological estrogen treatment can
lead to prostatic atrophy in rats [21] and has been used
successfully to reduce the growth of prostate tumors
in humans [22-24], it has also been associated with
induction of prostatic hyperplasia [e.g., benign pros-
tate hyperplasia (BPH)] [25, 26]. Since combining
estrogen with testosterone is more effective than the
latter alone in inducing prostate tumors in rats [e.g.,
271, it is hypothesized that estrogen may be required
in general for androgen-mediated stimulation of pro-
static epithelial proliferation [reviewed in 26]. In
support of this theory, the ratio of estrogen to testos-
terone increases with age, concomitant with increases
in incidences of both BPH and prostate cancer. In
fact, both estrogen receptors and conversion of tes-
tosterone to dihydroxytestosterone occur in the
stroma, suggesting a paracrine stromal-epithelial in-
teraction. The proposed Phase II prostate trial would
evaluate modulation of intermediate biomarkers of
prostate carcinogenesis by aromatase inhibition in
comparison with other types of hormonal interven-
tions for androgen blockade (antiandrogen, LHRH
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agonist) to determine the most effective strategy.
Combining vorozole with a 5a-reductase inhibitor to
suppress the estrogen-dependent negative feed-back
signal which causes the pituitary-hypothalamic axis
to stimulate androgen production may also be desir-
able.
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