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A n u m b e r  o f  i n h i b i t o r s  o f  e s t r o g e n  s y n t h e s i s  a r e  n o w  b e c o m i n g  a v a i l a b l e  w h i c h  c o u l d  be  o f  v a l u e  
in t he  t r e a t m e n t  o f  b r e a s t  c a n c e r .  4 - H y d r o x y a n d r o s t e n e d i o n e  ( 4 - O H A ) ,  t h e  f i r s t  o f  t he se  c o m p o u n d s  
to e n t e r  t he  c l in ic  h a s  b e e n  f o u n d  to  be  e f fec t ive  in p o s t m e n o p a u s a l  p a t i e n t s  w h o  h a v e  r e l a p s e d  f r o m  
t a m o x i f e n .  T h u s ,  in s t ud i e s  o f  240 p a t i e n t s ,  26% p a t i e n t s  e x p e r i e n c e d  p a r t i a l  o r  c o m p l e t e  r e s p o n s e  
to t r e a t m e n t .  A n  a d d i t i o n a l  25% p a t i e n t s  h a d  d i sease  s t a b i l i z a t i o n .  4 - O H A  is a p o t e n t  se lec t ive ,  
s t e r o i d a l  i n h i b i t o r  w h i c h  c a u s e s  i n a c t i v a t i o n  o f  a r o m a t a s e  in v i t ro .  I t  is e f fec t ive  in r e d u c i n g  
c o n c e n t r a t i o n s  o f  o v a r i a n  e s t r o g e n s  in r a t s  a n d  o f  o v a r i a n  a n d  p e r i p h e r a l  e s t r o g e n s  in  n o n - h u m a n  
p r i m a t e  spec ies .  T h e  c o m p o u n d  h a s  b e e n  s h o w n  to  l o w e r  s e r u m  e s t r o g e n  leve ls  in p o s t m e n o p a u s a l  
b r e a s t  c a n c e r  p a t i e n t s .  H o w e v e r ,  no t  all  o f  t he se  p a t i e n t s  e x p e r i e n c e d  d i sease  r e m i s s i o n ,  s u g g e s t i n g  
t h a t  t h e i r  t u m o r s  w e r e  h o r m o n e  i n s e n s i t i v e  r a t h e r  t h a n  t h a t  t he  dose  o f  4 - O H A  was  s u b o p t i m a l .  In  
t r i a l s  o f  p a t i e n t s  w h o  h a d  no t  r e c e i v e d  p r i o r  t a m o x i f e n  t r e a t m e n t ,  4 - O H A  (250 m g  i .m.  e v e r y  2 
weeks )  w a s  f o u n d  to  i n d u c e  c o m p l e t e  o r  p a r t i a l  t u m o r  r e g r e s s i o n  in 33% o f  p a t i e n t s .  T h e  r e s p o n s e  
o f  p a t i e n t s  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o b s e r v e d  in p a t i e n t s  t r e a t e d  w i t h  t a m o x i f e n  (30 
m g  o.d) o f  37%. No s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t r e a t m e n t s  was  o b s e r v e d  f o r  d i s ea se  s t a b i l i z a t i o n ,  
t he  d u r a t i o n  o f  r e s p o n s e  o r  m e d i a n  s u r v i v a l .  S e v e r a l  o t h e r  s t e r o i d a l  a r o m a t a s e  i n h i b i t o r s  h a v e  b e e n  
s t u d i e d ,  s u c h  as 7 ~ - s u b s t i t u t e d  a n d r o s t e n e d i o n e  d e r i v a t i v e s .  M D L  18962 [ 1 0 - ( 2 - p r o p y n y l ) e s t r - 4 - e n e -  
3 ,17-dione]  a n d  F C E  24304 ( 6 - m e t h y l e n - a n d r o s t a - 1 , 4 - d i e n e - 3 , 1 7 - d i o n e )  a r e  c u r r e n t l y  in c l in ica l  
t r i a l s .  N o n - s t e r o i d a l  i n h i b i t o r s  o f  c y t o c h r o m e  P - 4 5 0  e n z y m e s ,  s u c h  as i m i d a z o l e  a n d  t r i a z o l e  
d e r i v a t i v e s  h a v e  b e e n  d e v e l o p e d  w h i c h  a r e  h igh ly  se l ec t ive  f o r  a r o m a t a s e .  T h r e e  t r i a z o l e s  w h i c h  a r e  
v e r y  p o t e n t  a n d  s e l ec t i ve  i n h i b i t o r s  a r e  v o r a z o l e  ( 6 - [ ( 4 - c h l o r o p h e n y l ) ( 1 H - 1 , 2 , 4 - t r i a z o l - l - y l ) -  
m e t h y l ] l - m e t h y l - l H - b e n z o t r i a z o l e  R 76713, a r i m i d e x  2 , 2 ' [ 5 - ( 1 H - 1 , 2 , 4 - t r i a z o l - 1 - y l  m e t h y l ) - l , 3 -  
p h e n y l e n e ] b i s ( 2 - m e t h y l p r o p i o n o n i t r i l e )  (ZD1033) a n d  l e t r o z o l e  4 - [ 1 - ( c y a n o p h e n y l ) - l - ( 1 , 2 , 4 - t r i a -  
z o l y l ) m e t h y l ] b e n z o n i t r i l  ( C G S  20267). T h e s e  c o m p o u n d s  r e d u c e  s e r u m  e s t r a d i o l  c o n c e n t r a t i o n  to  
u n d e t e c t a b l e  leve ls  in b r e a s t  c a n c e r  p a t i e n t s .  T h e s e  h i g h l y  p o t e n t  i n h i b i t o r s  p r o v i d e  t he  o p p o r t u n i t y  
to  d e t e r m i n e  w h e t h e r  a f u r t h e r  d e g r e e  o f  e s t r o g e n  s u p p r e s s i o n  wil l  be  i m p o r t a n t  in p r o d u c i n g  
g r e a t e r  c l in ica l  r e s p o n s e .  W i t h  t h e  r e c e n t  a p p r o v a l  o f  4 - O H A  in s e v e r a l  c o u n t r i e s  a n d  the  i n t r o d u c -  
t i on  o f  t h e  p o t e n t  n e w  c o m p o u n d s ,  a r o m a t a s e  i n h i b i t o r s  e i t h e r  a l o n e  o r  in c o m b i n a t i o n  w i t h  t he  
a n t i e s t r o g e n  a r e  l ike ly  to  i m p r o v e  the  t r e a t m e n t  o f  b r e a s t  c a n c e r .  

J.  Steroid Biochem. Molec. Biol., Vol. 49, No. 4-6, pp. 281-287, 1994 

I N T R O D U C T I O N  

T h e  traditional methods for the t reatment  of  breast 
cancer have been surgical ovariectomy and adrenal- 
ectomy to remove the major  sources of  estrogens and 
their precursors.  These  procedures are associated with 
some morbidit ies and mortalities and are not h ighly_ 

Proceedings of the XVI  Meeting of the International Study Group for 
Steroid Hormones, Vienna, Austria, 28 Nov.-1 Dec. 1993. 

effective in all patients. More  recently, many  studies 
have indicated a correlation between the mitogenic and 
proliferative actions of  estrogens and concentrations of  
estrogen and progesterone receptors in breast tumor  
tissue [1]. By utilizing such measurements  to identify 
patients with estrogen-sensitive tumors,  t reatment  
methods which use pharmacological approaches 
to reduce the effects of  estrogen are proving more 
effective. There  are two classes of  compounds  that 
are currently being used. One class consists of  
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antiestrogens which interact with estrogen receptors in 
the tumor  cells to block the action of estrogens [2]. 
T h e  other class comprises compounds  that block estro- 
gen synthesis via inhibition of the enzyme aromatase 
(estrogen synthetase). Although selective aromatase 
inhibitors were identified [3] and their ant i tumor  
effects first reported a number  of years ago [4], they 
have only recently been evaluated in breast cancer 
patients [5,6]. Dur ing  this time, the antiestrogen 
tamoxifen has been found to extend the disease-free 
interval and significantly increase survival of  post-  
menopausal  breast cancer patients [7]. Tamoxi fen  is a 
weak agonist as well as an antagonist and in spite of  the 
benefits of  this antiestrogen, breast tumors  may eventu- 
ally become resistant to the drug and lead to disease 
recurrence in the patient. In contrast,  inhibitors of  
aromatase do not have estrogenic activity and may thus 
be able to achieve total estrogen blockade. Fur ther-  
more,  their different mode of action f rom antiestrogens 
may improve patients '  response when used in combi-  
nation with tamoxifen, as well as being effective in 
some tamoxifen-resistant  patients with advanced dis- 
ease [5, 6]. T h e  use of tamoxifen as adjuvant therapy in 
patients at early stages of  the disease and aromatase 
inhibitors for t reatment  of  recurrences may be a 
more effective strategy which could provide additional 
advantages and a longer duration of response. 

A R O M A T A S E  

Aromatase is a cytochrome P-450  hemoprotein with 
approx. 30% homology to other cytochrome P-450 
enzymes [8]. T h e  region of greatest homology among 
all steroidogenic P-450  enzymes is the heme binding 
region. However ,  because the low overall homology of 
aromatase to other members  of  the P-450  superfamily,  
the gene encoding P-450  . . . .  belongs to a separate gene 
family designated CYP19 [9]. T h e  P-450 genes vary 
widely in overall size although they contain 8-10 exons 
of similar size. T h e  21-hydroxylase is approx. 3 kb 
while that of  P -450  . . . .  is the largest with more than 
70kb.  However ,  the region encoding the 5 5 k D a  
protein of  503 amino acids spans about  35 kb of D N A  
and contains 9 exons ( I I -X) .  Exon I I  contains the 
translation initiation site. The  P-450  . . . .  gene has been 
mapped  to chromosome 15 [10]. Aromatase transcrip- 
tion is highly regulated and its control is tissue specific 
with at least four major  promoter  sites which respond 
to gonadotropins,  cyclic nucleotides, glucocorti- 
coids, phorbol  esters, growth factors and cytokines. 
Aromatase messenger RNAs  have major differences 
in their untranslated regions, whereas the translated 
regions of the aromatase polypeptide are identical in all 
tissues [11]. 

Steroidogenic P-450  enzymes function as hydroxy-  
lases in the conversion of one steroid to another. The  
conversion of androgens to estrogens appears to involve 
three hydroxylat ion steps mediated by P-450  . . . .  [12]. 

T h e  first hydroxylation occurs at the C-19 of the 
androgen substrate [13,14]. The  19-hydroxylated 
intermediate then hydrogen bonds to an acidic side- 
chain residue Glu-302 [15, 16] within the enzyme's  
active site which is thought  to be of  critical importance 
in the process of aromatization [ 17]. Hydrogen  bonding 
of the 3-ketone may also occur at a polar active site 
(His-128 residue) to anchor the intermediate.  This  
assures stereospecific removal of the C-19 p ro-R 
hydrogen by a heme iron-oxo species during the second 
hydroxylation step. T h e  ferric peroxide breakdown 
which then usually occurs may be circumvented 
because of the high electrophilicity of the aldehyde. 
This  would alter the normal hydroxylation cycle [18]. 
The  mechanisms involved in the last step are less clear 
and have resulted in a number  of hypotheses being 
proposed over the years. However,  cumulative evi- 
dence [17, 19, 20] supports  the idea that the unstable 
intermediate produced by the series of hydroxylations 
collapses yielding estrogens and formic acid. This  last 
step is postulated to involve hydride shift, proton 
transfer or free-radical pathways [21] resulting in 
the removal of the angular methyl  group at C-19, cis 
elimination of the 1/~ and 2/~ hydrogens [22], and 
aromatization of ring A of the androgens to form the 
estrogens. 

A R O M A T A S E  I N H I B I T O R S  

Although hydroxylations characteristic of  steroido- 
genic P-450  enzymatic reactions are involved in 
conversion of androgens to estrogens, Brodie and co- 
workers [3] proposed that because of some of the 
unique features in the aromatic ring formation dis- 
cussed above, selective aromatase inhibition might  be 
achieved with substrate analogs. In addition, aroma- 
tization of androgens is the last step in the biosynthetic 
sequence of steroid production.  Thus ,  selective block- 
ade of aromatization will not interfere with the pro- 
duction of other steroids, such as adrenal corticoids. 
For these reasons, aromatase is a particularly suitable 
enzyme target for selective inhibition. 

A number  of androstenedione derivatives including 
4-hydroxyandrostenedione (4-OHA),  were identified 
as potent and selective aromatase inhibitors [4, 23-25]. 
Fur ther  studies with 4 - O H A  and other androstene- 
dione derivatives revealed that several of these inhibi- 
tors appear to be functioning as mechanism-based 
inhibitors and cause inactivation of the enzyme 
[26, 27]. While not intrinsically reactive, the com- 
pounds compete with the substrate and presumably are 
converted by the enzyme to a form which binds either 
very tightly or irreversibly at the active site [28]. 
Inhibitors of  this type are therefore usually quite 
specific. Also, as the enzyme is inactivated, the 
continued presence of the drug to maintain inhibition 
is unnecessary, thus reducing the chances of toxic 
side-effects. However ,  the effectiveness of this type of 
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inhibition in vivo is dependent  on the rate of new 
enzyme synthesis. 

There  are a number  of other steroid analogs in 
addition to 4 -OHA which have been reported to cause 
inactivation of aromatase and are effective in reduc- 
ing plasma estrogen levels in vivo. Of several C-19 
acetylenic analogs of androstenedione designed to be 
mechanism-based or enzyme-activated inhibitors [29], 
10-(2-propynyl)estr-4-ene-3,17-dione ( M D L  18962) is 
reported to be the most potent aromatase inhibitor of 
this series of analogs. The  compound has significant 
and lasting biochemical and pharmacological activity 
in vivo. Thus ,  the EDs0 of M D L  18962 for aromatase 
inhibition 6 h after a single oral dose was 3 mg/kg in 
athymic mice bearing human trophoblastic xenografts 
[30]. In non-human primates, peripheral aromatization 
was inhibited by this compound for up to 1 week after 
a single i.v. pulse [31]. Henderson et al. [32] have 
shown that 1-methylandrosta-l ,4-diene-3,17-dione 
(SH 489) causes inactivation in vitro and its use in the 
treatment of  benign prostatic hyper t rophy (BPH) 
is now being explored [33]. Two other aromatase 
inhibitors which cause enzyme inactivation and have 
demonstrated biological activity are 6-methylen- 
androsta-l ,4-diene-3,17-dione (FCE 24304) [34] and 
4-aminoandrosta-l ,4,6-tr iene-3,17-dione (FCE 24928) 
[35]. It was recently reported that 14-hydroxy- 
androstene-3,6,17-trione causes inactivation of the 
enzyme, and inhibits ovarian aromatase and estrogen 
production in the rat [36]. 

Brueggemeier et al. [37, 38] have studied a number  
of 7c~-substituted androstenedione derivatives, several 
of which cause aromatase inactivation. The  covalent 
nature of the binding of 7~-(4 '-amino)phenylthio-l ,4-  
androstadienedione (7~-APTADD)  to aromatase was 
demonstrated by several methods. These included 
extensive dialysis of the radiolabeled inhibitor [125I]- 
7 ~ - I P T A D D  bound to purified cytochrome P-450 . . . .  • 
The  dialyzed solution was then subject to affinity 
column purification, electrophoresis/autoradiography, 
protein precipitation on glass fiber filters and HP LC.  
Separation of fragments from tryptic digestion of the 
[125I]7~-IPTADD-aromatase complex indicated that 
the inhibitor was bound to the lipophilic fragment 
with a retention time of 42 min on H P L C  [39]. 

Despite the potent activity of some of the early 
aromatase inhibitors, it was a number  of years before 
it was possible for 4 -OHA to reach clinical develop- 
ment. However,  about the time of  the initial studies on 
the anti tumor activity of aromatase inhibitors, amino- 
glutethimide, a compound developed for the treatment 
of epilepsy and later found to inhibit adrenal steroido- 
genesis, was being used in postmenopausal breast 
cancer patients to produce "medical adrenalectomies". 
Subsequently,  Santen and co-workers [40] observed 
that although plasma estrogen concentrations were 
reduced in these patients normal androgen levels were 
maintained. This  suggested that aminoglutethimide 

has a more pronounced effect on aromatase than 
on other P-450 steroidogenic enzymes. Aminoglut- 
ethimide was then used to test the concept of aromatase 
inhibition for the treatment of breast cancer, although 
glucocorticoid replacement therapy was usually pro- 
vided to the patient. 

Although aminoglutethimide was found to be effec- 
tive therapy for breast cancer, its lack of specificity 
and potency and its significant side-effects limited 
its usefulness. Attempts were therefore made to de- 
velop more potent and specific analogs [41,42]. In 
addition, a number  of other non-steroidal aromatase 
inhibitors such as imidazole derivatives are being 
investigated. These are related to antifungal agents 
such as ketoconazole, which act by inhibiting fungal 
cytochrome P-450 enzymes. Th e  imidazole deriva- 
tives have been shown to be quite selective as 
well as potent aromatase inhibitors. Such compounds 
include fadrozole [4-(5,6,7,8-tetrahydro-imidazo- 
[1,5a]-pyridin-5-yl)-benzonitrile monohydrochloride 
(CGS 16949A) [43] and (3~R)-trans-l-[(3~-ethyl-  
9-(ethylthio)-2,3,3~,4,5,6-hexahydro- 1 H-phenalen-2-  
yl)-methyl]- lH-imidazole HC1) (ORG 33201) [44]. 

Besides the imidazoles, the structurally related 
N-substi tuted triazoles, which are also antifungal 
agents, have served as a basis for aromatase inhibitor 
design. Greater  selectivity for P-450 . . . .  appears to be 
achieved with these non-steroidal inhibitors by inter- 
action as the sixth ligand with the heme iron atom 
and also interaction with amino acid residues located 
near to the heme site [45]. Studies on the interaction 
of R 76713 (vorazole)(6-[4-chlorophenyl)(1H-1,2,4- 
triazol- 1 -yl)methyl] 1 -methyl-  1 H -  benzotriazole with 
aromatase determined that this triazole derivative 
coordinates with the heme iron and that its N-1-  
substituent occupies a lipophilic region of the apo- 
protein moiety of the P-450. This appears to be an area 
formed by a gap between helix-B' and the loop 
K473-L77 involving residues 1-126 and 1-474. This  
pocket is not filled by the natural substrate and extends 
from C6-C7 of the steroid. 

In addition to R 76713 [46] there are two other 
triazole derivatives now in clinical trials that are 
very potent and selective aromatase inhibitors. They  
are Arimidex 2,2 '[5-(1H-1,2,4-tr iazol-l-yl  methyl)- 
1,3-phenylene]bis(2-methylpropiononitrile) (ZD 1033) 
[47] and letrozole 4-[1-(cyanophenyl)-l-(1,2,4-triazol- 
yl)methyl]benzonitril  (CGS 20267) [48]. Triazole anti- 
fungal agents administered systematically are more 
slowly metabolized than imidazoles. This  may account 
for the finding that although CGS 20267 inhibits 
aromatase to the same extent as fadrozole hydrochlor-  
ide (CGS 16949A) in vitro, it is 10 times more potent 
in vivo in the rat. In the human, CGS 20267 is about 
100 times more potent than CGS 16949A in reducing 
serum estradiol levels, probably reflecting the signifi- 
cantly longer half-life of CGS 20267 than of fadrozole. 
Other in vivo studies with CGS 20267 indicate that it 
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Table 1. The effect o f  4 - O H A  on postmenopausal breast cancer patients with advanced 
disease 

Patients Injected 
Trial eval./total dose/time CR PR NC PD 

Coombes et al.  72/96 250 mg/2 weeks 3 14 15 4(I 
24/29 500 mg/2 weeks 1 6 6 1 l 
40/61 500 mg/week 2 9 7 22 

H6ftken et a l ?  86/91 500 mg/2 weeks (6w) 2 19 26 39 
250 mg/2 weeks 

Pickles et al. 18/22 250 mg/2 weeks 0 7 5 6 
Total evaluated 240 3.3% 22.9% 24.6% 49.2% 

"Patients received 500 mg/2 weeks 4-OHA im for 6 weeks, then 250 mg/2 weeks thereafter, 
CR = complete response, PR = partial response, NC = no change, PD = progressive disease. 

lacks significant toxicity and is without appreciable 
effect on the other steroidogenic enzymes, cholesterol 
side-chain cleavage, 11-hydroxylase, 21-hydroxylase or 
18-hydroxylase [48, 49]. 

CLINICAL STUDIES WITH AROMATASE 
INHIBITORS 

One of the first selective aromatase inhibitors ident- 
ified in our early work was 4-OHA. This compound has 
now been studied in a number  of trials in breast cancer 
patients during the last few years [5, 6]. The  data from 
three recent trials in which 4 -OHA (~"Lentaron, 
formestane) (CGP 32349) was evaluated in 465 breast 
cancer patients are shown in Table 1 [50]. The  patients 
received either 500 mg by intramuscular (i.m.) injec- 
tion weekly or biweekly, or 250 mg biweekly. Injections 
of 4 - O H A  i.m. appeared to be well-tolerated and had 
notably less toxicity than AG. Side-effects occurred in 
17 °!o of patients and were mostly mild, only 3-5 o; of 
patients discontinued treatment. Local reactions, 
usually sterile abscesses, occurred in a small percentage 
of the patients ( < 1 0 % )  [51-53] and were a feature 
mainly of the higher injected dose (500mg). The 
overall results of the studies indicate that 4 -OHA is 
effective in postmenopausal breast cancer patients with 
advanced metastatic disease who have relapsed from 
previous hormonal therapy, usually tamoxifen. Re- 
sponse rates were not significantly different between 
the two doses or frequency of administration. Thus,  
28% of patients experience complete or partial re- 
gression of their tumors, while the disease was stabil- 
ized in an additional 22% of patients. The  disease 
progressed in the remaining women. When 250 mg/day 
4 - O H A  was administered orally, the response rates of 
patients were similar to those of patients receiving 
biweekly injections [54]. 

Serum estradiol levels in all patients were suppressed 
by 4 -OHA without apparent differences between regi- 
mens and were maintained for at least several months 
[55]. It  therefore seems likely that the lack of response 
of some patients to treatment may be due to hormone 
insensitivity of the tumor rather than to suboptimal 
doses of 4-OHA. In those patients who had relapsed 

from tamoxifen but who responded to 4 -OHA treat- 
ment, it appears that their tumors remained sensitive 
to estrogens. Some recent studies have suggested 
mechanisms by which tumors may become resistant to 
tamoxifen but retained hormone responsiveness. For 
example, Dowsett et al. [56] has recently found changes 
in the uptake of tamoxifen by tumors of some patients. 
In addition, human breast cancer cell lines treated 
with tamoxifen have been reported to have increased 
concentrations of estrogen receptor [57] or increased 
concentrations of progesterone receptor in subpopu- 
lations of cells which may thereby circumvent the 
effects of tamoxifen [581. 

An international, multicenter, randomized trial 
carried out by the AH/BC 4 International Study Group 
has recently been completed in which 4 -OHA was 
compared with tamoxifen in 409 previously untreated 
postmenopausal breast cancer patients [59]. Patients 
with measurable lesions according to modified U I C C  
criteria were randomized into two groups which were 
well-matched for baseline characteristics and prognos- 
tic factors known to influence response. In both groups, 
approx. 40°,o of patients were known to have estrogen 
receptor positive tumors. The  remaining patients were 
of unknown receptor status. The groups were also 
well-matched for previous surgery, adjuvant therapy, 
tumor burden and site of metastases. Tamoxifen 
was administered orally 30 mg o.d., whereas 250 mg 
4 -OHA was injected i.m. every 2 weeks. The treat- 
ments were equivalent in terms of response rates. 
Thus,  in 348 evaluable patients complete or partial 
tumor regression occurred in 33",~> of patients treated 
with 4 -OHA and in 37°}, of patients who received 
tamoxifen. A further 25-30~?, of patients achieved 
disease stabilization. There was no significant differ- 
ence in the median duration of response between 
the two treatment groups, with a median duration 
of response for patients receiving '~Lentaron of 15 
months. Furthermore,  there was no significant differ- 
ence in survival, with a median survival for patients 
receiving :~'Lentaron of 33 months. Elderly patients 
(over 70 yr) with soft tissue metastases achieved higher 
response rates to both 4 -OHA (42°~,) and tamoxifen 
(38°.o) than did younger patients with bony or visceral 
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invo lvement .  T h e  two t r e a tmen t s  were  we l l - t o l e r a t ed  
and  no ev idence  o f  inc reased  tox ic i ty  was expe r i enced  
by  e lde r ly  pa t ien ts .  Pa in  or  i n f l ammat ion  at the  in jec-  
t ion  si te wh ich  s u b s i d e d  w i th in  48 h occu r r ed  in 7 %  of  
pa t i en t s  t r ea ted  wi th  4 - O H A .  Never the le s s ,  this  rou te  of  
a d m i n i s t r a t i o n  was cons ide r ed  advan tageous  by  some 
pa t ien t s ,  as it  a s su red  compl i ance  and  invo lved  more  
f r equen t  med ica l  a t t en t ion  to the i r  cancer ,  every  2 weeks.  

Severa l  o the r  s te ro ida l  and  non - s t e ro ida l  a romatase  
inh ib i to r s  are  now u n d e r g o i n g  cl inical  evaluat ion .  
Phase  1 t r ials  are in p rogress  for s te ro ida l  inh ib i to r s  
M D L  18,962, S H  489 and  F C E  24304 as d i scussed  
above.  

F a d r o z o l e  ( C G S  16949A) is the  first  imidazo le  
de r iva t ive  to be s t ud i ed  in a large cohor t  of  pa t ien t s  
wi th  a d v a n c e d  b reas t  cancer  [60]. In  doses r ang ing  
be tween  2 and  4 m g / d a y ,  fadrozole  s u p p r e s s e d  p l a sma  
and  u r i n a r y  es t rogen  levels to the  same ex ten t  as 
a m i n o g l u t e t h i m i d e  [61] bu t  comple t e  suppres s ion  was 
not  achieved.  H o w e v e r ,  pa t i en t s  expe r i enced  few s ide-  
effects w i th  fadrozole ,  a l t hough  adrena l  cor t i sol  and  
a ldos t e rone  secre t ion  was b l u n t e d  d u r i n g  A C T H  
s t imu la t ion  tests  [62, 63]. T h e  t r iazole  der iva t ives  
a p p e a r  to be  m o r e  specific.  N o  effect on adrena l  s te ro id  
syn thes i s  was ev iden t  wi th  Z D  1033 at doses  of  5 and  
10 m g  [47]. I n  any case, s e r u m  es t rad io l  concen t ra t ions  
were  s u p p r e s s e d  to the  l imi t  of  assay de tec t ion  wi th  a 
dose  of  1 m g  pe r  day.  Vorazole  (R 76713) and  le t rozole  
( C G S  20267) are also h igh ly  select ive,  po t en t  inh ib i to r s  
and  are  we l l - t o l e r a t ed  in pa t ien ts .  O f  pa r t i cu l a r  in te res t  
is supp re s s ion  of  es t rogen  levels in p r e m e n o p a u s a l  
w o m e n  t r ea ted  wi th  R 76713. P l a sma  es t rad io l  values  
fell f rom 389pmol /1  to a mean  o f  149pmol /1  over  
4 -24  h [64]. Recen t ly ,  a Phase  1 s tudy  has been  car r ied  
out  wi th  C G S  20267 in 8 p o s t m e n o p a u s a l  b reas t  cancer  
pa t ien t s  wi th  me tas t a t i c  disease  [65]. Doses  as low as 
0.1 and  0.25 m g  pe r  day  were  a d m i n i s t e r e d  ora l ly  to the  
pa t ien ts  for  12 weeks.  M a r k e d  suppres s ion  o f  p l a sma  
es t rad io l ,  es t rone  and  es t rone  sulfate levels occu r red  
wi th in  24 h o f  admin i s t r a t i on .  S imi la r  resul ts  had  been  
o b s e r v e d  in no rma l  p o s t m e n o p a u s a l  w o m e n  [66]. 
D u r i n g  the  fo l lowing  12 weeks  o f  t r ea tmen t ,  es t rad io l  
concen t ra t ions  in the  pa t ien t s  were  supp re s se d  to 
unde t ec t ab l e  levels desp i t e  the  use o f  a h igh ly  sensi t ive 
assay [65]. N o  changes  in the  levels of  cor t isol  or  
a ldos t e rone  occu r r ed  even af ter  p rovoca t ive  s t imula t ion  
wi th  A C T H ,  no r  in the  u r i n a r y  s o d i u m  and po t a s s ium 
values  d u r i n g  the 12 weeks  of  t r ea tmen t .  Even  
in no rma l  male  subjec t s  a d m i n i s t e r e d  single doses 
o f  0 . 0 2 - 3 0 m g  C G S  20267, no changes  in cor t i sol  
or  a ldos t e rone  concen t r a t ions  were  f o u n d  [67]. T h e s e  
resul ts  sugges t  tha t  this  c o m p o u n d  is a very  power fu l  
and  select ive a roma tase  i nh ib i t o r  in vivo.  

F U T U R E  P E R S P E C T I V E S  

I t  is now a p p a r e n t  tha t  the  s te ro ida l  a romatase  
i nh ib i t o r  4 - O H A  has a p lace  as second  l ine t r ea tmen t  

in b reas t  cancer  pa t ien t s  r e laps ing  f rom tamoxi fen .  
T h i s  c o m p o u n d  is a p p r o v e d  for use  in the  U . K .  and  
m o r e  recen t ly  in a n u m b e r  o f  o the r  coun t r i e s  as well.  
Severa l  of  the  newer  inh ib i to r s  en t e r ing  cl inical  t r ials  
m a y  also be effective in s imi lar  types  of  pa t ien ts .  
In  view of  the i r  d i f ferent  po tenc ies  and  di f ferent  m e c h -  
an i sms  o f  in te rac t ion  wi th  the  enzyme ,  it wil l  be 
i m p o r t a n t  to c ompa re  the  effects o f  these  a romatase  
inh ib i to r s  in pa t ien t s  o f  equ iva len t  s tatus .  Also ,  s ince 
the i r  m a i n  ta rge t  is not  wi th in  the  cancer  cell,  res i s tance  
is un l ike ly  to deve lop  d i rec t ly  to a romatase  inh ib i to r s .  
S te ro ida l  inh ib i to r s  m a y  have add i t iona l  b io logica l  
act ivi t ies  m e d i a t e d  via s te ro id  recep to rs  (e.g. a n d r o g e n  
recep tors )  which  m a y  elicit  benefic ia l  r esponses  in 
pa t ien ts ,  such as be l i e f  of  bone  pain.  S tud ies  in pa t ien t s  
may  reveal  o the r  act ivi t ies  o f  a c o m p o u n d  wh ich  could  
inf luence its efficacy and  to le rab i l i ty .  Severa l  new non -  
s te ro ida l  c o m p o u n d s  are h ighy  po t en t  and  select ive 
inh ib i to rs .  A fu r the r  degree  o f  es t rogen  suppres s ion  in 
w o m e n  wi th  b reas t  cancer  wou ld  be i m p o r t a n t  
in p r o d u c i n g  a cl inical  response .  W h e t h e r  c o m p l e t e  
suppres s ion  o f  es t rogen  p r o d u c t i o n  and  ac t ion  will  
resul t  in s ignif icant ly  enhanced  t u m o r  regress ion  
remains  to be d e t e r m i n e d .  H o w e v e r ,  the  po t e n cy  of  
these  newer  a romatase  inh ib i to r s  p rov ides  the  o p p o r t u -  
n i ty  to test  this  hypo thes i s  in the  near  fu ture .  T h e  
var ie ty  o f  c o m p o u n d s  inh ib i t i ng  a romatase  offers the  
poss ib i l i ty  tha t  a n u m b e r  o f  useful  d rugs  will  become  
avai lable .  T h e i r  ac t ions  a lone or  in c o m b i n a t i o n  wi th  
the  an t i e s t rogen  are l ikely to i m p r o v e  the t r e a t m e n t  
o f  b reas t  cancer  pa t ien t s  and  o the r  diseases  inf luenced 
by  es t rogens .  

Acknowledgments--The author's research was supported by NIH 
Grants CA-27440, HD-13909 and CA-62483. 

R E F E R E N C E S  

1. McGuire W. L.: An update on estrogen and progesterone 
receptors in prognosis for primary and advanced breast cancer. 
In Hormones and Cancer (Edited by S. Iacobelli et al). Raven 
Press, New York, Vol. 15 (1980) pp. 337-344. 

2. Jordan V. C.: Biochemical pharmacology of antiestrogen action. 
Pharmacological Rev. 36 (1984) 245-276. 

3. Schwarzel W. C., Kruggel W. and Brodie H. J.: Studies on the 
mechanism of estrogen biosynthesis. VII. The development of 
inhibitors of the enzyme system in human placenta. Endocrin- 
ology 92 (1973) 866-880. 

4. Brodie A. M. H., Schwarzel W. C. and Brodie H. J.: Studies on 
the mechanism of estrogen biosynthesis in the rat ovary--1. J. 
Steroid Biochem. Molec. Biol. 7 (1976) 787-793. 

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

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

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

8. Corbin C. J., Graham-Lorence S., McPhaul M., Mason J. I., 
Mendelson C. R. and Simpson E. R.: Isolation of a full-length 
cDNA insert encoding human aromatase system cytochrome 



286 A n g e l a  M .  H .  B rod i e  

P -450  and its expression in non-steroidogenic cells. Proc. Natn. 
Acad. Sci. U .S .A .  85 (1988) 8948-8953. 

9. Neber t  D. W.,  Nelson D. R., Coon M. J., Estabrook R. W., 
Feyereisen R., Fu j i i -Kur iyama Y., Gonzalez F. J., Guenger ich  
F. P., Gunsalas  I. C., Johnson  E. F., Loper  J. C., Sato R., 
Wa te rman  M. R. and W a x m a n  D. J.: T h e  P-450 superfamily: 
update on new sequences,  gene mapp ing  and recommended  
nomenclature .  D N A  10 (1991) 1014. 

10. Chen  S. A., Besman M. J., Sparkes R. S., Zol lman S., Klisak I., 
Mohandas  T. ,  Hall P. F. and Shively J. E.: H u m a n  aromatase: 
c D N A  cloning, Southern  blot analysis, and ass ignment  of  the 
gene to chromosome 15. D N A  7 (1988) 27-38. 

11. S impson E. R., Mahendroo  M. S., Means  G. D.,  Kilgore M. W.,  
Corbin  C. J. and Mende l son  C. R.: Tissue-specific promoters  
regulate aromatase cytochrome P-450 expression. J.  Steroid 
Biochem. Molec. Biol. 44 (1993) 4-6. 

12. T h o m p s o n  E:  A. Jr and Siiteri P. K.: Utilization of oxygen and 
reduced nicot inamide adenine dinucleotide phosphate  by h u m a n  
placental microsomes dur ing  aromatization of androstenedione.  
J.  Biol. Chem. 249 (1974) 5364-5372. 

13. Morato  T. ,  Hayano M.,  Dor fman  R. I. and Axelrod L. R.: 
T h e  intermediate steps in the biosynthesis  of  estrogens from 
androgens.  Biochem. Biophys. Res. Commun. 6 (1961) 334-338. 

14. Meyer  A. S.: Convers ion of 19-hydroxy-4-androstene-3,17-  
dione to estrone by endocrine tissue. Biochem. Biophys. Acta 17 
(1955) 4 4 1 - 4 4 2 . .  

15. Zhou  D., Korzekwa K. R., Poulos T .  and (2hen S.: A site- 
directed mutagenesis  s tudy of h u m a n  placental aromatase. 
J. Biol. Chem. 262 (1992) 4421-4426. 

16. Graham-Lorence  S., Khalil  M. W., Lorence M. C., Mendelson  
C. R. and Simpson E. R.: S t ruc ture - func t ion  relationships of 
h u m a n  aromatase cytochrome P-450  us ing molecular model ing 
and site-directed mutagenesis .  ,7- Biol. Chem. 266 (1991) 
11030-11046. 

17. Oh  S. S. and Robinson  C. H.: Mechan i sm of placental aroma- 
tase: A new active site model.  J.  Steroid Biochem. Molec. Biol. 44 
(1993) 389-397. 

18. Cole P. A. and Robinson C. H.: Mechan i sm and inhibition 
of cytochrome P-450  aromatase. J. Med. Chem. 33 (1990) 
2933-2942. 

19. Akhtar  M.,  Calder M. R., Corina D. L. and Wright  J. N.: 
Mechanis t ic  studies on C-19 demethylat ion in oestrogen biosyn- 
thesis. Biochem. ft. 201 (1982) 569-580. 

20. Cole P. A. and Robinson  C. H.: A peroxide model reaction tor 
placental aromatase.  J.  Am.  Chem. Soc. 110 (1988) 1284-1285. 

21. Stevenson D. E., Wr igh t  J. N. and Akhtar  M.: Mechanis t ic  
consideration of P-450 dependent  enzymatic  reactions: Studies 
on oestriol biosynthesis.  J. Chem. Soc., Perkin Trans. I (1988) 
2043-2052. 

22. Morato T. ,  Raab K.,  Brodie H. J., Hayano M. and Dorfrnan 
R. I.: T h e  mechan i sm of estrogen biosynthesis.  J.  Am.  Chem. 
Soc. 84 (1962) 3764-3765. 

23. Brodie A. M. J., W u  J. T. ,  M ar sh  D. A. and Brodie H. J.: 
Aromatase inhibitors III .  Studies on the antifertility effects 
of 4-acetoxy-4-androstene-3,17-dione.  Biol. Reprod. 18 (1978) 
365-370. 

24. Mar sh  D. A., Brodie H. J., Garret t  W. M.,  Tsa i -Morr i s  C. H. 
and Brodie A. M. H.: Aromatase inhib i tors - -synthes is  and 
biological activity of  androstenedione derivatives. J. Med. Chem. 
28 (1985) 788-795. 

25. Brodie A. M.  H.,  Garret t  W.,  Hendr ickson J. M.,  Marsh  D. A. 
and Brodie H. J.: T h e  effect of  1,4,6-androstratr iene-3,17-dione 
(ATD)  on D M B A - i n d u c e d  m a m m a r y  tumors  in the rat and its 
mechan i sm of action in vivo. Biochem. Pharmac. 31 (1982) 
2017-2023. 

26. Covey D. F. and Hood W. F.: Enzyme generated intermediates 
derived from 4-androstene-3,6,17-dione and 1,4,6-andro- 
stratr iene-3,17-dione cause t ime-dependent  decrease in h u m a n  
placental aromatase activity. Endocrinology 108 (1981) 
1597-1599. 

27. Brodie A. H. M.,  Hendr ickson J. R., Tsa i -Morr i s  C. H.,  Garret t  
W. M.,  Marcot te  P. A. and Robinson C. H.: Inactivation of 
aromatase in vitro by 4 - O H A  and 4-acetoxyandrostenedione and 
sustained effects in vivo. Steroids 38 (1981) 693-702. 

28. Sjoerdsma A.: Suicide inhibitors as potential drugs.  Clin. 
Pharmac. Ther. 30 (1981) 3-22. 

29. Metcalf  B. W.,  Wr igh t  C. L., Burkhart  J. P. and Johns ton  J. O.: 

Subst ra te- induced inactivation of aromatase by allenic and 
acetylenic steroids. J. Am.  Chem. Soc. 103 (1981) 3221-3222. 

30. Johns ton  J. O., Wright ,  C. L. and Schumaker  R. C.: H u m a n  
trophoblast  xenografts in a thymic mice: a model for peripheral 
aromatization. J.  Steroid Biochem. Molec. Biol. 33 (1989) 
521-529. 

31. Longcope C., Femino A. and Johns ton  J. O.: Inhibit ion of 
peripheral aromatization in baboons by an enzyme-activated 
aromatase inhibitor ( M D L  18,962). Endocrinology 122 (1988) 
2007-2011. 

32. Henderson  D., Norbira th  G. and Kerb  U.: l -Me thy l - l , 4 -  
androstadiene-3,17-dione (SH 489): Characterization of an 
irreversible inhibitor of  estrogen biosynthesis.  J.  Steroid 
Biochem. Molec. Biol. 24 (1986) 303-306. 

33. Henderson  D., Habenicht  U. F., Nishino Y. and El Etreby 
M. F.: Estrogens and benign prostatic hypertrophy:  T h e  basis 
for aromatase inhibitor therapy. Steroids 50 (1987) 219-233. 

34. Zaccheo T. ,  Giudici D.,  Ornati  G., Panzeri A. and di Salle E.: 
Compar ison  of the effects of  the irreversible aromatase inhibitor 
exemestane with atamestane and M D L - 1 8 9 6 2  in rats with 
D M B A - i n d u c e d  m a m m a r y  tumors.  Eur. J. Cancer 27 (1991) 
1145-1150.  

35. Guidici D.,  Ornati  G.,  Briatico G., Buzzetti F., Lombardi  P. 
and Salle E. D.: 6-Methylenandros ta- l ,4-d iene-3 ,17-dione  
(FCE 24304): A new irreversible aromatase inhibitor. J.  Steroid 
Biochem. Molec. Biol. 30 (1988) 391-394. 

36. Yoshihama M.,  T a m u r a  K.,  Nakakoshi M. and Nakamura  J.: 
14a -Hydroxyandrost -4-ene-3,6 ,17- t r ione as a mechanism-based  
irreversible inhibitor of  estrogen biosynthesis.  Chem. Pharm. 
Bull. 38 (1990) 2834-2837. 

37. Brueggemeier  R. W.,  Li P . -K. ,  Snider C. E., Darby  M. V. and 
Katlic N. E.: 7 a -Subs t i tu ted  androstenediones as effective 
in vitro and in vivo inhibitors of  aromatase. Steroids 50 (1987) 
163-178. 

38. Brueggemeier  R. W., Li P. K., Chen  H. H., Moh  P. P. and 
Katlic N. E.: Biochemical pharmacology of new 7-subst i tuted 
androstenediones as inhibitor of  aromatase. J. Steroid Biochem. 
Molec. Biol. 37 (1990) 379-385. 

39. Bruggemeier R. W., Moh  P. P., Ebrahimian S. and Darby 
M. V.: Steroidal inhibitors as chemical probes of the active 
site of aromatase. J .  Steroid Biochem. Molec. Biol. 44 (1993) 
357-365. 

40. Samojlik E., Santen R. J. and Wells S. A.: Adrenal  suppres-- 
sion with aminoglute thimide II. Differential effects of  amino- 
glute thimide on 'plasma androstenedione and estrogen levels. 
J. Clin. Endocr. Metab. 45 (1977) 480-487. 

41. Dowsett  M., MacNeil  F., Mehta  A., Newton C., Haynes B., 
Jones A., Ja rman M.,  Lonn ing  P. E., Powles T .  J. and Coombes  
R. C.: Endocrine,  pharmacokinetic and clinical studies of  
the aromatase inhibitor 3-ethyl-3-(4-pyridyl)piperidine-2,6- 
dione ("pyr idoglute th imide")  in postmenopausal  breast cancer 
patients. Br. J.  Cancer 64 (1991) 887-894. 

42. Stanek J., Alder A., Bellus D.,  Bhatnagar  A. S., Hausler  A. 
and Schieweck K.: Synthesis  and aromatase inhibitory activity 
of  novel 1-(4=aminopenyl)-3-azabicyclo[3.l .0]hexane- and 
-[3.1.1]heptane-2,4-diones.  J. Med. Chem. 34 (1991) 1329-1334. 

43. Schgweck  K.,  Bhatnagar  A. S., Batzl Ch. and Lang  M.: Anti-  
tumor  and endocrine effects of nonsteroidal aromatase inhibitors 
on es t rogen-dependent  rat m a m m a r y  tumors .  J. Steroid Biochem. 
Molec. Biol. 44 (1993) 633-636. 

44. Geeten J. A. A., Loozen H. J. J., Deckers G. H.,  de Leeuw R., 
Kloosterboer H. J. and Lamber t s  S. W. J.: O R G  33201: A new 
highly selective orally active aromatase inhibi tor . .7 .  Steroid 
Biochem. Molec. Biol. 44 (1993) 4-6. 

45. Van Wauwe J. P. and Janssen P. A. J.: Is there a case for P-450  
inhibitors in cancer treatment:  J .  Med. Chem. 32 (1989) 
2231-2239. 

46. Wouters  W.,  De Coster  R., Beerens D.,  Doolaege R., Gruwez 
J. A., Van Camp K., Van Der  Pas H. and Van Herendael  B.: 
Potency and selectivity of  the aromatase inhibitor R 76 713. 
A study in h u m a n  ovarian, adipose stromal,  testicular and 
adrenal cells. J. Steroid Biochem. Molec. Biol. 36 (1990) 57-65. 

47. Ploude P. V., D y r o f f M .  and Dukes  M.: Arimidex: A potent  and 
selective fourth-generat ion aromatase inhibitor. Breast (:ancer 
Res. Treat. In press. 

48. Bhamagar  A. S., Hausler  A., T r u n e t  P., Schieweck K., Lang  M~ 
and Bowman P.: ~Highly selective inhibition of estrogen biosyn- 



Aromatase  Inhibi tors  287 

thesis by CGS 20267, a new non-steroidal aromatase inhibitor. 
ft. Steroid Biochem. Molec. Biol. 37 (1990) 1021-1027. 

49. Demers L. M., Lipton A., Harvey H. A., Kambic K. B., 
Gossberg H., Brady C. and Santen R. J.: The effects of CGS 
20,267 in suppressing estrogen biosynthesis in patients with 
advanced breast cancer, ft. Steroid Biochem. Molec. Biol. 44 
(1993) 687--691. 

50. Dowsett M. and Coombes R. A. (a): The development of the new 
aromatase inhibitor 4-OHA. Endocrine and clinical aspects. 
Proc. Syrup. Aromatase Inhib.--Past, Present and Future. 15th 
Int. Cancer Congr., Hamburg (1990) pp. 9-10. 

51. Stein R., Dowsett M., Hedley A., Davenport J., Gazet J. C., 
Ford H. T. and Coombes R. C.: Treatment of advanced breast 
cancer in postmenopausal women with 4-hydroxyandrostene- 
dione. Cancer Chemother. Pharmac. 26 (1990) 75-78. 

52. Hoftken K., Jonat W., Possinger K., Kolbel M., Kunz Th., 
Wagner H., Becher R., Callies R., Freiderich P., Willmanns W., 
Maass H. and Schmidt C. G.: Aromatase inhibition with 4- 
hydroxyandrostenedione in the treatment of postmenopausal 
patients with advanced breast cancer: a phase II study, ft. Clin. 
Oncol. 8 (1990) 875--880. 

53. Pickles T., Perry L., Murray P. and Plowman P.: 4-Hydroxy- 
androstenedione--further clinical and extended endocrine obser- 
vations. Br. J. Cancer 62 (1990) 09-313. 

54. Curmingham D., Powles T. J., Dowsett M., Hutchinson G., 
Brodie A. M. H., Ford H. T., Gazet J. C. and Coombes R. C.: 
Oral 4-hydroxyandrostenedione, a new endocrine treatment 
for disseminated breast cancer. Cancer Chemother. Pharmac. 20 
(1987) 253-255. 

55. Dowser M., Goss P. E., Powles T. J., Brodie A. M. H., 
Jeffcoate S. L. and Coombes R. C.: Use of aromatase inhibitor 
4-hydroxyandrostenedione in post-menopausal breast cancer: 
optimization of therapeutic dose and route. Cancer Res. 47 (1987) 
1957-1961. 

56. Dowsett M., Johnston S. R. D., Haynes B. P., Sacks N. P., 
Baum M. B., Ebbs S. R. and Smith I. E.: Impaired intra-tumoral 
uptake of tamoxifen as a mechanism for resistance in human 
breast cancer. The 84th A. Meet. Am. Assoc. for Cancer Res., 
Orlando, FL (1993) Abstr. No. 1463. 

57. Gottardis M. M. and Jordan V. C.: Development of tamoxifen- 
stimulated growth of MCF-7 tumors in athymic mice after 
long-term antiestrogen administration. Cancer Res. 48 (1988) 
5183-5187. 

58. Graham M. L. II, Smith J. A., Jewett P. B. and Horwitz K. B.: 
Heterogeneity of progesterone receptor content and remodeling 
by tamoxifen characterize subpopulations of cultured human 
breast cancer cells: analysis by quantitative dual parameter flow 
cytometry. Cancer Res. 52 (1992) 593-602. 

59. Perez-Carrion R ,  Alberola V., Calabresi F., Michel R.-Th., 
Santos R., Fehling M., Royce C. M. and Trunet P. F.: 
Randomized trial of the selective aromatase inhibitor formestane 
(Lentaron) versus tamoxifen as first-line hormonal therapy 
in postmenopausal patients with advanced breast cancer. The 
Breast 3 (1993) 198-199. 

60. Lipton A., Harvey H. A., Demers L. M., Hanagan J. R., 
Mulagha M., Kochak G. M., Fitzsimmons S., Snaders S. I. and 
Santen R. J.: A phase I trial of CGS 16949A: a new aromatase 
inhibitor. Cancer 65 (1990) 1279-1286. 

61. Lipton A. and Santen R. J.: Medical adrenalectomy using 
aminoglutethimide and dexamethasone in advanced breast 
cancer. Cancer 33 (1974) 503-511. 

62. Santen R. J., Demers L., Lipton A., Harvey H. A., Hanagan J., 
Mulagha M., Navari R. M., Henderson I. C., Garber J. E. and 
Miller A. A.: Phase II study of the potency and specificity of a 
new aromatase inhibitor--CGS 16949A. Clin. Res. 37 (1989) 
535A. 

63. Santen R. J., Demers L. M., Adlercreutz H., Harvey H. A., 
Sanmer S., Sanders S. and Lipton A.: Inhibition of aromatase 
with CGS-16949A in postmenopausal women, ft. Clin. Endocr. 
Metab. 68 (1989) 99-106. 

64. De Coster R., Wouters W., Bowden C. R., Van den Bossche H., 
Bruynseels J., Tuman R. W., Van Gincel R., Snoeck E., Van 
Peer A. and Janssen P. A. J.: New non-steroidal aromatase 
inhibitors: focus on R76713. J. Steroid Biochem. Molec. Biol. 37 
(1990) 335-341. 

65. Demers L. M. (1993) The effects of fadrozole (CGS 16949A) and 
letrozole (CGS 20267) on the inhibition of aromatase activity in 
breast cancer patients. Breast Cancer Res. Treat. In press. 

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

67. Trunet P. F., Mueller Ph., Bhamagar A. S., Dickes I., Monnet 
G. and White G.: Open dose-finding study of a new potent 
and selective nonsteroidal aromatase inhibitor, CGS 20267, in 
healthy male subjects. J. Clin. Endocr. Metab. 77 (1993) 319-323. 


