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Abstract

Inhibitors of aromatase (estrogen synthetase) have been developed as treatment for postmenopausal breast cancer. Both
steroidal substrate analogs, type I inhibitors, which inactivate the enzyme and non-steroidal competitive reversible, type II
inhibitors, are now available. 4-hydroxyandrostenedione (4-OHA), the first selective aromatase inhibitor, has been shown to
reduce serum estrogen concentrations and cause complete and partial responses in approximately 25% of patients with hormone
responsive disease who have relapsed from previous endocrine treatment. Letrozole (CGS 20, 269) and anastrozole (ZN 1033)
have been recently approved for treatment. Both suppress serum estrogen levels to the limit of assay detection. Letrozole has
been shown to be significantly superior to megace in overall response rates and time to treatment failure, whereas anastrozole
was found to improve survival in comparison to megace. Both were better tolerated than the latter. The potential of aromatase
within the breast as a significant source of estrogen mediating tumor proliferation and which might determine the outcome of
inhibitor treatment was explored. Using immunocytochemistry and in situ hybridization, aromatase and mRNA,, was
detected mainly in the epithelial cells of the terminal ductal lobular units (TDLU) of the normal breast and also in breast tumor
epithelial cells as well as some stromal cells. Increase in proliferation, measured by increased thymidine incorporation into DNA
and by PCNA immunostaining in response to testosterone was observed in histocultures of breast cancer samples. This effect
could be inhibited by 4-OHA and implies that intratumoral aromatase has functional significance. An intratumoral aromatase
model in the ovariectomized nude mouse was developed which simulated the hormone responsive postmenopausal breast cancer
patient. This model also allows evaluation of the efficacy of aromatase inhibitors and antiestrogens in tumors of estrogen
receptor positive, human breast carcinoma cells transfected with the human aromatase gene. Thus, the cells synthesized estrogen
which stimulated tumor formation. Both aromatase inhibitors and antiestrogens were effective in suppressing tumor growth in
this model. However, letrozole was more effective than tamoxifen. When the aromatase inhibitors were combined with
tamoxifen, tumor growth was suppressed to about the same extent as with the aromatase inhibitors alone. Thus, there was no
additive or synergistic effects of combining tamoxifen with aromatase inhibitors. This suggests that sequential treatment with
these agents is likely to be more beneficial to the patient in terms of longer response to treatment. © 1999 Elsevier Science Ltd.
All rights reserved.

1. Introduction younger women. Nevertheless, the sensitivity of breast
cancer to estrogen has also been found to increase as

As with most forms of cancer, the incidence of patients age. Two thirds of breast cancers in postme-
breast cancer increases with age. Thus, breast cancer is nopausal women (compared with less than half of pre-
more common among postmenopausal women than menopausal women) have tumors that are positive for

estrogen and progesterone receptors (ER, PR), are
dependent on these hormones for their proliferation,
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increases in peripheral tissues. Therefore, in postmeno-
pausal patients, total blockade of estrogen is more
likely to be accomplished with systemic treatment
rather than surgical removal of endocrine glands. Two
pharmacologic approaches are currently used to reduce
the effects of estrogen: (1) inhibition of estrogen action
by antiestrogens, which interact with estrogen recep-
tors in the tumor, and (2) inhibition of estrogen pro-
duction by inhibitors of aromatase (estrogen
synthetase).

The antiestrogen tamoxifen has proved to be a sig-
nificant advance in the treatment of breast cancer [2].
Nevertheless, due to its partial agonist activity, long
term treatment with tamoxifen has been found to
cause endometrial proliferation which has resulted in
endometrial cancer in some patients. In addition, re-
sistance to tamoxifen inevitably develops in breast
tumors and results in disease progression [3]. To
address these problems, we proposed the second
approach of reducing estrogen production as a thera-
peutic strategy. Starting in the early 1970 s, we ident-
ified a number of compounds that are selective
inhibitors of estrogen synthetase (aromatase) [4,5]. We
considered that the more complete estrogen blockade
via aromatase inhibition might result in greater tumor
response than with tamoxifen. Since inhibitors of
aromatase act by a different mechanism of action than
tamoxifen and do not have estrogenic activity, they
are not associated with stimulatory effects on the endo-
metrium. Furthermore, by reducing estrogen pro-
duction, aromatase inhibitors can elicit responses in
some patients who have relapsed on antiestrogen
therapy. Thus, aromatase inhibitors can extend the
duration of response and quality of life for breast can-
cer patients.

Aromatase is a cytochrome P-450 hemoprotein
which catalyzes the conversion of androgens, androste-
nedione and testosterone via three hydroxylation steps
to estrone and estradiol. The first two occur on the C-
19 methyl group while the final hydroxylation step is
still uncertain. These reactions are discussed in detail
in several reviews [6,7]. Although aromatase has fea-
tures in common with other steroidogenic P-450
enzymes, the heme binding region which has the great-
est homology has only 17.9-23.5% amino acids identi-
cal to those of other steroidogenic P-450 enzymes [8].
This suggests that P-450,,,, belongs to a separate gene
family which has been designated CYP19 [9].

Recognizing the unique features of the reaction cata-
lyzed by P-450,.om, We reasoned that selective inhi-
bition of P-450,,,,m might be achieved with substrate
analogues. Furthermore, aromatase is a good target
for selective inhibition because estrogen production is
the last step in the biosynthetic sequence of steroid
synthesis. Selective blockade of P-450,.,, will not

interfere with the production of other steroids, such as
adrenal corticoids.

2. Aromatase inhibitors

Following our initial publication of aromatase in-
hibitors [4], we [5,10] and others have identified a num-
ber of steroidal [11,12] (type 1 inhibitors) and non-
steroidal inhibitors (type II inhibitors) [13,14]. Several
of these have proved to be effective in animal tumor
models. We carried out extensive endocrine and antitu-
mor studies with 4-hydroxyandrostenedione (4-OHA)
[5,15-18] a selective steroidal substrate analog which
causes inactivation of aromatase [19]. Clinical studies
show that this compound reduces peripheral aromati-
zation and plasma estrogen levels. In postmenopausal
breast cancer patients, comparison between the 250 mg
and 500 mg IM doses administered every 2 weeks
showed similar degrees of estrogen suppression. The
overall response rates observed in several studies of
breast cancer patients with advanced disease were com-
plete or partial tumor regression in 25-39% of
patients, disease stabilization in 22% of patients [20—
24], and disease progression in the remaining women.
When 4-OHA was administered orally (250 mg/day) to
patients, the response rates were similar to those of
patients receiving biweekly injections of 250 or 500 mg
[25]. Biweekly injections of both doses of 4-OHA IM
were well tolerated, with mild side effects occurring in
17% of patients. Because the differences in estrogen re-
duction between the treatment groups were minor and
there were no significant differences in clinical efficacy,
250 mg of 4-OHA injected every two weeks is rec-
ommended since this has better local tolerability than
the 500 mg dose [22]. 4-hydroxyandrostenedione (4-
OHA, formestane, Lentaron"), the first selective
aromatase inhibitor to be used clinically [20,21], is now
proving to be effective in tamoxifen-resistant breast
cancer patients and is available in many countries
world wide.

Recently, two non-steroidal inhibitors, anastrozole
(ZN 1033) and letrozole (CGS 20,267), have been
approved for treatment in postmenopausal patients
with advanced breast cancer. Anastrozole and letrozole
are triazole derivatives, and are competitive and revers-
ible aromatase inhibitors which are highly potent and
selective for aromatase. In two recent studies of ana-
strozole, oral doses of 1 and 10 mg daily were com-
pared with megestrol acetate (Megace ) 40 mg 4 times
daily in postmenopausal breast cancer patients with
advanced disease [26,27]. Complete or partial responses
lasting 3-8 months were similar with both doses of
anastrozole and with Megace (10.3% of patients
receiving 1 mg anastrozole, 8.9% of patients receiving
10 mg anastrozole, and 7.9% of patients receiving
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megestrol acetate). The disease was stabilized in 25.1,
22.6, and 26.1% of patients, respectively. Responses
were observed in patients who progressed after receiv-
ing adjuvant tamoxifen as well as in patients who
received tamoxifen for advanced disease. Follow-up of
the two studies combined at 31 months [28] found sig-
nificant improvement in overall survival in the patients
receiving 1 mg anastrozole compared with patients
receiving megestrol acetate (hazard ratio 0.78,
P = 0.02). The anastrozole 1 mg group had a longer
median overall survival (26.7 months vs 22.5 months)
and higher 2 year survival (56.1 vs 46.3%) than the
megestrol acetate group. The studies individually were
consistent, as each demonstrated a lower risk of death
for patients treated with anastrozole 1 mg compared
to megestrol acetate (hazard ratios 0.74, P = 0.048,
and 0.85, P = 0.34). The comparison of the anastro-
zole 10 mg group to megestrol acetate also demon-
strated improved survival (hazard ratio 0.83,
P = 0.10). Response and time to progression were not
significantly different between treatments. However,
these data are clinically significant as the survival ben-
efit seen in the anastrozole 1 mg patients adds to the
tolerability benefits previously reported.

Recently, a phase I study was carried out with letro-
zole in 21 postmenopausal patients with advanced
breast cancer [29,30]. These patients in three successive
groups (n=7 per group) received oral letrozole 0.1,
0.5, or 2.5 mg per day. It was observed that estradiol
and estrone in all three groups were suppressed to
about the same extent and reduced to undetectable
levels in many of the patients, despite the use of a
highly sensitive assay. In addition, 33% of patients
responded to treatment, while 23.8% had stable dis-
ease for more than 3 months. Another study confirmed
these results with objective responses which lasted
from 40 to 63 weeks in 5 of 14 patients [31]. A dose re-
sponse effect was observed in one study. Thus, objec-
tive responses occurred in 28% of patients receiving
0.5 mg per day and in 39% of those receiving 1 mg
per day. Stable disease was seen in 41 and 40% of
patients in the two groups, respectively; few adverse
events were reported.

Letrozole has also been compared at 0.5 mg once
daily and 2.5 mg once daily, with megestrol acetate
160 mg once daily in a total of 551 postmenopausal
women with advanced breast cancer previously treated
with antiestrogens. Letrozole 2.5 mg once daily was
found to be statistically superior to megestrol acetate
in overall tumor response rate and time to treatment
failure. Megestrol acetate was associated with signifi-
cantly more adverse experiences that resulted in with-
drawal from treatment than either dose of letrozole. In
addition, there was significantly greater benefit of the
2.5 mg dose compared to the 0.5 mg dose of letrozole

in terms of objective response rates, time to pro-
gression, time to treatment failure, and survival.

3. Aromatase expression in the breast

As indicated above, following menopause estrogens
are synthesized in extragonadal tissues. Since muscle
and fat make up a large proportion of the body mass,
aromatization of adrenal androgens in these tissues are
the main source of circulating estrogens. While serum
levels in postmenopausal women are typically very
low, several studies have reported that concentrations
of estrogen in breast tissue are 4—6 fold higher and
similar to those in premenopausal patients [32].
Furthermore, estrogen concentrations in tumors are
higher than in breast fat [33,34]. These findings suggest
that estrogens produced within the breast may be criti-
cal in stimulating tumor proliferation. Thus, effective
inhibition of breast aromatase could be an important
determinant of the outcome of aromatase inhibitor
treatment. These possibilities prompted us to investi-
gate aromatase expression in the breast by immuno-
cytochemistry using a specific monoclonal antibody
[35]. Our studies showed that the site of aromatization
is mainly in the tumor epithelial cells of human breast
cancers and the epithelial cells of the TDLU in the
normal breast, although some stromal cells surround-
ing the tumor also contained the enzyme [35]. In situ
hybridization with sequence specific probes confirmed
these results. Furthermore, aromatase activity
measured in cryosections of tumors correlated with a
marker of proliferation (proliferating cell nuclear anti-
gen score), suggesting that locally produced estrogens
may stimulate the growth of the tumor. We also found
that proliferation of some tumors in histoculture was
enhanced by testosterone as well as estrogens.
Testosterone stimulation could be abrogated by
aromatase inhibitors, suggesting that estrogens were
produced by the tumors via aromatization of testoster-
one. These studies suggest that aromatase is localized
to a specific area of breast tissue and that the tumor
may produce sufficient estrogen to be a relevant source
stimulating tumor proliferation.

4. Intratumoral aromatase model

The clinical studies of aromatase inhibitors to date
have been important in demonstrating the benefits of
these agents for treating breast cancer patients with
advanced disease. However, while serum estrogen
levels are markedly reduced in all patients treated with
aromatase inhibitors, there is limited information
about the extent of aromatase inhibition in the breast
during treatment [36]. A further complication of the
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current trials is that most breast cancer patients receive
tamoxifen first and then later relapse before receiving
aromatase inhibitor treatment. Thus, the low response
rates compared to the marked reduction in serum es-
trogen levels during aromatase inhibitor treatment, are
likely to be influenced by hormonal insensitivity of
some tumors or to other forms of drug resistance that
may develop. Therefore, the efficacy of aromatase in-
hibitors has been difficult to determine from the trials
to date.

In order to investigate the importance of intratu-
moral aromatase and also to compare the antitumor
activity of aromatase inhibitors and antiestrogens, we
recently developed an intratumoral aromatase model
in nude mice. This model simulates the postmenopau-
sal breast cancer patient, as ovariectomized BALB/c
athymic (nude) mice are inoculated with estrogen
dependent human breast cancer cells (MCF-7) trans-
fected with the human aromatase gene [37,38]. Since
the rodent has no significant production of estrogen
from non-ovarian tissue, the MCF-7 cells transfected
with the aromatase gene (MCF-7ca) provide the
source of estrogen to stimulate tumor formation.
Thus, tumors produced from these MCF-7c5 cells
grow faster that those in the same animal without
aromatase [37] or which depend on circulating estrogen
from neighboring tumors [39]. Recently, we have used
this intratumoral model to investigate the effects of
letrozole and anastrozole on tumor growth, as well as
on the uterus. We compared these effects with those of
the antiestrogen tamoxifen alone and in combination
with the aromatase inhibitors [40].

Following inoculation of MCF-7¢c4 cells into four
sites in each mouse treatment began in about 20-30
days when tumors had reached a measurable size
(~1 ecm®). The mice were then assigned to groups of
four or five and injected daily sc. The aromatase in-
hibitor, letrozole (CGS 20267) was kindly provided by
Dr A. Bhatnagar, Novartis Pharma, Basel,
Switzerland. The aromatase inhibitor, anastrozole (ZN
1033) and the antiestrogen, tamoxifen were gifts from
Dr A. Wakeling, Zeneca, Macclesfield, UK. The mice
were administered 3 or 60 pg/mouse/day tamoxifen, 5,
10 or 10 pg/mouse/day letrozole or anastrozole in
0.3% hydroxypropyl cellulose (HPC), or vehicle (0.3%
HPC, 0.1 ml/mouse /day). In experiments using com-
bined treatments, the doses administered were the
same as above. After 4-5 weeks, mice were autopsied
4 or 6 h after the last injection. The uteri and multiple
small tumors at each inoculation site were removed
and weighed.

All tumors in the control mice continued to increase
in volume throughout the course of the experiments.
Treatment with both aromatase inhibitors, letrozole
and anastrozole, as well as the antiestrogen, tamoxifen
were effective in reducing tumor growth [40]. A dose
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Fig. 1. Effect of tamoxifen and letrozole on tumor growth in the

nude mouse. Ovariectomized nude mice were inoculated sc with
MCEF-7 cells stably transfected with the human placental aromatase
gene (MCF-7¢4) in four sites and injected with 0.1 mg/mouse/day of
androstenedione sc. Treatments began 21 to 35 days after inoculation
of the cells, when the tumors had reached a measurable size.
Letrozole (CGS), 10 and 60 pg/mouse/day, and tamoxifen (TAM),
60 pg/mouse/day, or vehicle (controls) in 0.3% hydroxypropyl cellu-
lose (HPC) were injected sc for 56 days. Tumors were measured
weekly, and the percentage change in total tumor volume is shown
[41].

response effect with tamoxifen was evident. Thus,
tamoxifen treatment at 60 pg/day caused a greater in-
hibition of tumor growth than treatment with 3 pg/
day. However, tamoxifen (60 pg/day) was less effective
than the aromatase inhibitor, letrozole which showed
marked tumor suppression at 10 pg/day and 60 pg/day
in this experiment (Fig. 1) [41]. In a subsequent exper-
iment, letrozole (5 pg/day) not only reduced tumor
growth but also caused regression of tumors, a result
not previously noted with endocrine treatments in
nude mice. Thus, tumors of a group of mice autopsied
before the start of treatment were significantly greater
(53.5+7.5 mg) than those removed from animals after
treatment with letrozole (60 pg/mouse/day) (20.6 +
2.1 mg) (P < 0.05) [40]. This finding has recently been
confirmed in subsequent experiments and one not pre-
viously noted with endocrine treatments in nude mice.

The MCF-7c5 tumors in the mice synthesize suffi-
cient amounts of estrogen not only to support estrogen
dependent tumor growth but also to maintain the
uterus of these ovariectomized animals at a weight
comparable to that of intact mice producing ovarian
estrogen. Inhibition of intratumoral aromatase by
letrozole treatment resulted in reduced estrogen pro-
duction and a decrease in the mean uterine weight
compared to that of the control mice (P < 0.01). There
was no significant effect on the mean weight of uteri of
the tamoxifen treated animals. As suggested in pre-
vious reports [42], tamoxifen is probably acting as an
estrogen on the uterus.

Since both antiestrogens and aromatase inhibitors



A. Brodie et al. | Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 205-210 209

Table 1
The effect of aromatase inhibitors and tamoxifen treatment on
tumor weight in ovariectomized mice with MCF-7¢c4 tumors®

Treatment Tumor weight (mg)
Vehicle 297.7+54.5
Tamoxifen 178.9+22.9
Letrozole 22.943.7°
Anastrozole 104.3+14.3°

Tam + Ana. 132.9+26.5°

Tam + Let. 51.948.9°

Groups of four mice were treated with vehicle, letrozole
(CGS20,267) (5 pg/day), anastrozole (ZD1033) (5 pg/day), tamoxifen
(3 pg/day), and combinations at the same doses. Mice were autop-
sied after 42 days, tumors were removed and weighed. Values are
mean + SE. All values are significantly different from the controls
(P < 0.05).

® Values are significantly different from tamoxifen (P < 0.05) [43].

are effective in breast cancer patients, combining treat-
ments with these two mechanisms of action may pro-
vide greater efficacy than either alone. We have
utilized the intratumoral aromatase model to address
this question and to provide a guide to future clinical
strategies. In order to determine whether greater re-
duction in tumor growth could be achieved by combin-
ing the two types of agents, we used low doses of the
compounds which resulted in partial tumor suppres-
sion. As previously tested, 3 pg/day dose of tamoxifen
and 5 pg/day dose of anastrozole and letrozole were
used in the combined treatments. Tumor volumes,
measured weekly over 42 days of treatment demon-
strated that all compounds alone or in combination
were effective in suppressing tumor growth in compari-
son to that of the control mice. Weights of tumors
removed at the end of treatment were significantly
reduced by treatment with letrozole and anastrozole
compared to tamoxifen (P < 0.05) (Table 1). When
combined with tamoxifen, the aromatase inhibitors did
not produce greater reductions in tumor growth, as
measured by tumor weight, than either letrozole or
anastrazole treatment alone. There was a trend
towards the combination of aromatase inhibitor and
tamoxifen being less effective than the aromatase in-
hibitor alone but this was not statistically significant
for either letrozole or anastrazole [43]. Similar results
were also obtained when 4-OHA was combined with
tamoxifen [38]. This suggests that tamoxifen might
have partial agonist effects on the tumors which over-
ride the reduction in estrogen concentration produced
by the aromatase inhibitors. Alternatively, interaction
between the aromatase inhibitors and tamoxifen may
alter the clearance of the aromatase inhibitor and
result in less inhibition of estrogen synthesis.
Nevertheless, it is evident that no additional benefit is
likely to be gained by combining these two classes of
agents for breast cancer treatment. Sequential use of

aromatase inhibitors and antiestrogens is likely to pro-
vide a longer period of response for breast cancer
patients taking these well tolerated drugs.

Acknowledgements

This research was supported by NIH grant
CA62483.

References

[1] W.L. McGuire, An update on estrogen and progesterone recep-
tors in prognosis for primary and advanced breast cancer, in:
S. Tacobelli, R.J.B. King, H.R. Lidner, M.E. Lippman (Eds.),
Hormones and Cancer, vol. 15, Raven Press, New York, 1980,
pp. 337-344.

[2] Breast Cancer Trialists’ Collaborative Group Early, Systemic
treatment of early breast cancer by hormonal, cytotoxic, or
immune therapy, The Lancet 339 (1992) 1-15.

[3] R. Clarke, M.E. Lippman, Antiestrogens resistance: mechan-
isms and reversal, in: B.A. Teicher (Ed.), Drug Resistance in
Oncology, Marcel Dekker Inc, New York, 1992, pp. 501-536.

[4] W.C. Schwarzel, W. Kruggel, H.J. Brodie, Studies on the
mechanism of estrogen biosynthesis—VII: the development of
inhibitors of the enzyme system in human placenta,
Endocrinology 92 (1973) 866-880.

[5] A.M.H. Brodie, W.C. Schwarzel, A.A. Shaikh, H.J. Brodie,
The effect of an aromatase inhibitor, 4-hydroxy-4-androstene-
3,17-dione, on estrogen dependent processes in reproduction
and breast cancer, Endocrinology 100 (1977) 1684—1694.

[6] P.A. Cole, C.H. Robinson, Mechanism and inhibition of cyto-
chrome P-450 aromatase, J. Med. Chem. 33 (1990) 2933-2944.

[7] M. Akhtar, V.C.O. Njar, J.N. Wright, Mechanistic studies on
aromatase and related C-C bond cleaving P-450 enzymes, J.
Steroid Biochem. Mol. Biol. 44 (1993) 375-387.

[8] C.J. Corbin, S. Graham-Lorence, M. McPhaul, J.I. Mason,
C.R. Mendelson, E.R. Simpson, Isolation of a full-length
cDNA insert encoding human aromatase system cytochrome
P-450 and its expression in non-steroidogenic cells, Proc. Acad.
Sci. USA 85 (1988) 8948-8953.

[9] D.W. Nebert, D.R. Nelson, M.J. Coon, R.W. Estabrook, R.
Feyereisen, Y. Fujii-Kuriyama, F.J. Gonzalez, F.P.
Guengerich, I.C. Gunsalas, E.F. Johnson, J.C. Loper, R. Sato,
M.R. Waterman, D.J. Waxman, The P-450 superfamily: update
on new sequences, gene mapping and recommended nomencla-
ture, DNA Mol. Biol. 10 (1991) 1-14.

[10] D.A. Marsh, L.P. Romanoff, K.I.H. Williams, A.M.H. Brodie,
Synthesis of deuterium and tritium labeled 4-hydroxy-androste-
nedione, an aromatase inhibitor, and its metabolism in vitro,
Biochem. Pharm. 31 (1982) 701-705.

[11] R.W. Brueggermeier, P-K. Li, C.E. Snider, M.V. Darby, N.E.
Katlic, 7a-Substituted androstenediones as effective in vitro
and in vivo inhibitors of aromatase, Steroids 50 (1987) 163—
178.

[12] B.W. Metcalf, C.L. Wright, J.P. Burkhart, J.O. Johnston,
Substrate-induced inactivation of aromatase by allenic and
acetylenic steroids, J. Amer. Chem. Soc. 103 (1981) 3221-3222.

[13] P.V. Plourde, M. Dyroff, M. Dukes, Arimidex: a potent and
selective fourth-generation aromatase inhibitor, Breast Cancer
Res. Treat. 30 (1994) 103-111.

[14] A.S. Bhatnagar, A. Hausler, P. Trunet, K. Schieweck, M.
Lang, P. Bowman, Highly selective inhibition of estrogen bio-



210

[15]

(16]

(17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

(23]

[20]

[27]

(28]

A. Brodie et al. | Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 205-210

synthesis by CGS 20267, a new non-steroidal aromatase inhibi-
tor, J. Steroid Biochem. Mol. Biol. 37 (1990) 1021-1027.
A.M.H. Brodie, C. Longcope, Inhibition of peripheral aromati-
zation by aromatase inhibitors, 4-hydroxy-and 4-acetoxy-
androstene-3,17-dione, Clin. Endocrin. 106 (1980) 19-21.
A.M.H. Brodie, L.P. Romanoff, K.I.LH. Williams, Metabolism
of the aromatase inhibitor 4-hydroxyandrost-4-ene-3,17-dione
by male rhesus monkeys, J. Steroid Biochem. 14 (1981) 693—
696.

A.M.H. Brodie, W.M. Garrett, J.R. Hendrickson, C.H. Tsai-
Morris, Effects of 4-hydroxyandrostenedione and other com-
pounds in the DMBA breast carcinoma model, Cancer Res. 42
(1982) 3360s—-3364s.

LY. Wing, W.M. Garrett, A.M.H. Brodie, The effect of
aromatase inhibitors, aminogluthimide and 4-hydroxyandroste-
nedione in cyclic rats with DMBA-induced mammary tumors,
Cancer Res. 45 (1985) 2425-2428.

AM.H. Brodie, W.M. Garrett, J.R. Hendrickson, P.A.
Marcotte, C.H. Robinson, Inactivation of aromatase activity in
placental and ovarian microsomes by 4-hydroxyandrostene-
3,17-dione and 4-acetoxyandrostene-3,17-dione, Steroids 38
(1981) 693-702.

R.C. Coombes, P. Goss, M. Dowsett, J.C. Gazet, A.M.H.
Brodie, 4-Hydroxyandrostenedione treatment of postmenopau-
sal patients with advanced breast cancer, The Lancet 2 (1984)
1237-1239.

P.E. Goss, R.L. Coombes, T.J. Powles, A.M.H. Brodie,
Treatment of advanced postmenopausal breast cancer with
aromatase inhibitor, 4-hydroxyandrostenedione-Phase 2 report,
Cancer Res. 46 (1986) 4823-4826.

D.M. Dowsett, R.C. Coombes, Second generation aromatase
inhibitor—4-OHA, Breast Cancer Res. Treat. 30 (1994) 81-87.
K. Possinger, W. Jonat, K. Hoffken, Formestane in the treat-
ment of advanced postmenopausal breast cancer, Ann. Oncol.
5 (1994) S7-S10.

E. Bajetta, N. Zilemba, C. Norersco, E. Bichisoa, Formestane:
effective therapy in postmenopausal women with advanced
breast cancer, in: G. Nagel, K. Possinger (Eds.), Selective
Aromatase Inhibitors—Improved Quality of Life for
Metastatic Breast Cancer Patients, Excerpta Oncol. Ciba,
Ciba-Geigy Verlag, Wehr/Barden, 1996, pp. 51-56.

D. Cunningham, T.J. Powles, M. Dowsett, G. Hutchinson,
A.M.H. Brodie, H.T. Ford, J.C. Gazet, R.C. Coomes, Oral 4-
hydroxyandrostenedione, a new endocrine treatment for disse-
minated breast cancer, Cancer Chemother. Pharmacol. 20
(1987) 253-255.

A. Buzdar, W. Jonat, A. Howell, S.E. Jones, C. Blomqvist,
C.L. Vogel, W. Eiermann, J.M. Wolter, M. Azab, A. Webster,
P.V. Plourde, Anastrozole (ARIMIDEX), a potent and selec-
tive aromatase inhibitor vs megesterol acetate (MEGACE) in
postmenopausal women with advanced breast cancer: results of
an overview analysis of two phase III trials, J. Clin. Oncol. 14
(1996) 2000-2011.

W. Jonat, A. Howell, C. Blomqvist, W. Eiermann, G.
Winalad, C. Tyrrell, H.R. Mauriac, S. Lundgren, R.
Hellmund, M. Azab, A randomized trial comparing two doses
of the mnew selective aromatase inhibitor anastrozole
(‘ARIMIDEX’) with megestrol acetate in postmenopausal
patients with advanced breast cancer, Eur. J. Cancer 32A
(1996) 404-412.

Buzdar A, Jonat W, Howell A, Yin H, Lee D Significant
improved survival with Arimidex (anastrozole) vs megestrol

[29]

(30]

(31]

(32]

(33]

[34]

[33]

(36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

acetate in postmenopausal advanced breast cancer: updated
results of two randomized trials. In: Proceedings of American
Society of Clinical Oncology, 1997. 16. p. 156a. The Arimidex
International Study Group, Houston, TX, Kiel, Germany,
Manchester, UK, Wilmington, DE, Macclesfield, UK,
(Arimidex is a trademark, property of Zeneca Limited).

T.J. Iverson, I.LE. Smith, J. Ahern, D.A. Smithers, P.F. Trunet,
M. Dowsett, Phase I study of the oral nonsteroidal aromatase
inhibitor CGS 20267 in healthy postmenopausal women, J.
Clin. Endocr. Metab. 77 (1993) 324-331.

LLE. Smith, Letrozole: creating a new standard, in: Advanced
Breast Cancer: Reassessing Hormonal Therapy-Ciba
International Symposium Series, vol. 2, The Parthenon

Publishing Group, New York, 1996, pp. 45-55.

C. Bisagni, G. Cocconi, C. Ceri, et al., CGS 20267: a new oral
aromatase inhibitor: phase I study in postmenopausal
advanced breast cancer patients, Proc. Am. Soc. Clin. Oncol.
12 (1993) 80.

J. Szyczak, A. Milewicz, J.H.H. Thijssen, M.A. Blankenstein,
J. Daroszewski, Concentration of sex steroids in adipose tissue
after menopause, Steroids 63 (1998) 319-321.

A.AJ. van Landegham, J. Portman, M. Nabauurs,
Endogenous concentration and subcellular distribution of es-
trogens in normal and maligant human breast tissue, Cancer
Res. 45 (1985) 2900-2906.

M.A. Blankenstein, J. van de Ven, P.C. de Jong, J.H.H.
Thijssen, Intratumoral levels of estrogens in breast cancer, in:
Xth International Congress on Hormonal Steroids, Quebec
City, Canada, 1998.

Q. Lu, J. Nakmura, A. Savinov, W. Yue, J. Weisz, D.J.
Dabbs, G.A. Wolz, Expression of aromatase protein and mes-
senger ribonucleic acid in tumor epithelial cells and evidence of
functional significance of locally produced estrogen in human
breast cancers, Endocrinology 137 (1996) 3061-3068.

M.J. Reed, G.W. Aherne, M.W. Ghilchick, S. Patel, J.
Chakraborty, Concentrations of oestrone and 4-hydroxyan-
drostenedione in malignant and normal breast tissues, Int. J.
Cancer 49 (1991) 562-565.

W. Yue, D. Zhou, S. Chen, A. Brodie, A new nude mouse
model for postmenopausal breast cancer using MCF-7 cells
transfected with the human aromatase gene, Cancer Res. 54
(1994) 5092-5095.

W. Yue, J. Wang, A. Savinov, A. Brodie, Effect of aromatase
inhibitors on growth of mammary tumors in a nude mouse
model, Cancer Res. 55 (1995) 3073-3077.

W. Yue, J. Wang, C.J. Hamilton, et al., In situ aromatization
enhances breast tumor estradiol levels and cellular prolifer-
ation, Cancer Res. 58 (1998) 927-932.

Q. Lu, W. Yue, J. Wang, Y. Lui, B. Long, A. Brodie, The
effects of aromatase inhibitors and antiestrogens in the nude
mouse model, Breast Cancer Res. Treat. 50 (1999) 63-71.

A. Brodie, Q. Lu, Y. Liu, B. Long, J-P. Wang, W. Yue,
Preclinical studies using the intratumoral aromatase model for
postmenopausal breast cancer, Oncology 12 (1998) 29-33.

V.C. Jordan, L. Rowsby, C.J. Dix, G. Prestwich, Dose-related
effects of non-steroidal antiestrogens and estrogens on the
measurement of cytoplasmic estrogen receptors in the rat and
mouse uterus, J. Endocrinol. 78 (1978) 71-78.

Q. Lu, Y. Liu, BJ. Long, D. Grigoryev, M. Gimbel, A.
Brodie, The effect of combining aromatase inhibitors with anti-
estrogens on tumor growth in a nude mouse model for breast
cancer, Breast Cancer Res. Treat. In press.



