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Abstract The goal of hormone therapy is to deprive breast tumours of estrogens, since

estrogens have been implicated in the development or progression of tumours.
This can be accomplished by the use of antiestrogens that block estrogen action
or by inhibiting aromatase, the enzyme that catalyses the final and rate—limiting
step in estrogen biosynthesis.

A number of steroidal and nonsteroidal compounds have been developed as
aromatase inhibitors. This review highlights the valuable role that a few of these
aromatase inhibitors have played, and continue to play, in the treatment of breast
cancer. Following background information regarding the biochemistry of aroma-
tase, the rationale for its inhibition, and an outline of the test systems for evalu-
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ating and characterising aromatase inhibitors, the discussion focuses on the new
generation of aromatase inhibitors that are in clinical trials or clinically available.
Specifically, it discusses the pharmacology and clinical efficacy of formestane,
exemestane, rogletimide, fadrozole, vorozole, anastrozole and letrozole.

The role of these agents as the optimal second-line agents (after tamoxifen)
for the treatment of advanced breast cancer has been established; their prospects
in other clinical settings and as potential breast cancer chemopreventives are
warranted but are yet to be fully determined.

Aromatase (estrogen synthetase) is a membranestracts published in the last 5 years up to June 1998.
bound enzyme complex consisting of a cytochromeMost of the original articles cited were also con-
P450 (CYP) homoprotein (aromatase, P4&f  sulted.
and a flavoprotein, reduced nicotinamide adenine
dinucleotide diphosphate (NADPH)-cytochrome 1. Aromatase and Breast Cancer
P450 reductasié! This enzyme complex catalyses _ . _ _
the conversion of androgens into estrogens [exem- It is over 100 years since Sir Cecil Beatson
plified by the conversion of androstenedione (1)demonstrated that ovariectomy resulted in tumour
into estrone (4): figure 1], a process believed to'®9ression in patients with breast canteBub-
proceed through the participation of 3 sequentiaS€auently, estrogen was identified as the media-
reactions at C-19, each requiring 1 molecule oft©" Of the ovarian dependenéy.Nevertheless,
NADPH and 1 molecule of molecular oxyg&h. the sensitivity of breast cancer to estrogens has

This overall process culminates in the extrusion ofbeen found to increase as patients age. Two-thirds

the C-19 atom as formic acid and the aromatisationOf breast cancers in postmenopausal women (com-

of ring A3l The function of the reductase is to pared with less than half of those in premenopausal
: women) have tumours positive for estrogen recep-

transfer, in a stepwise fashion, 2 electrons from -
NADPH to the haem iron of the cvtochrome. The tors. Estrogen receptor—positive cancers are more
y ) responsive to hormonal therapy than cancers lack-

mechanisms of the reactions catalysed by aromq—ng these receptors. Thus, not only is breast cancer

tase have been studied over the years through thg,, prevalent in postmenopausal women, butit is

use of stereo- and regio-specifically labelled SUb'aIso a more hormone-dependent disd#ise.

strates, and the fate of each atom undergoing chem- When ovarian steroid production declines be-
ipal change during the conversion ig depicted in.g,se of the menopause, estrogens produced in
figure 114 Excellent and recent reviews on the herinheral tissue, such as adipose tissue, are the
mechanism of aromatisation of androgens to estromjor sources of circulating estrogen. Therefore, in
gens are availablé:®! postmenopausal patients, total blockade of estro-
Research interest in aromatase and the aromayens is more likely to be accomplished with sys-
tisation reaction (estrogen biosynthesis) continuesemic treatment rather than surgical removal of en-
to expand from basic endocrinological and repro-docrine glands. Two pharmacological approaches
ductive biological studies to aromatase inhibition are currently used to reduce estrogen effect: (i) in-
for the treatment of estrogen-dependent diseaseasibition of estrogen action by antiestrogens, which
and molecular biology studies. In this review, the interact with estrogen receptors in the tumour; and
pharmacology and clinical efficacy of those aroma-(ii) inhibition of estrogen production by inhibitors
ase inhibitors that are in clinical trials or clinically of aromatase (estrogen synthetase).
available, and their place in the treatment of breast The antiestrogen tamoxifen has become first-
cancer, are comprehensively examined. The reviedine treatment for postmenopausal patients with
has been mainly based on reviews, papers and alestrogen receptor—positive breast cancer, since it

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)
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Fig. 1. Aromatisation of androgens to estrogens. The compounds on the right are intermediates in the reaction. NADPH = nicotinamide
adenosine dinucleotide diphosphate.

was shown to produce significantly greater re- oxifen, as tamoxifen is known to be a weak or par-

sponse rates in these patients than are achievelial estrogen agonist in addition to being an es-
with cytotoxic agents and to be well toleraté®l.  trogen antagonist. Although some agonist effects
However, resistance to tamoxifen inevitably devel- may be beneficial (e.g. on bone and the cardiovas-
ops, which results in disease progression. In 1973¢cular system), the potentially adverse actions of
we reported the first inhibitors of aromatase, thetamoxifen on the endometrium are a cause of con-
enzyme that controls the conversion of androstenecern. Inhibitors of aromatase act by a different

dione and testosterone to estrone and estradiofechanism of action than tamoxifen and do not
respectively!] We proposed these inhibitors for have _estroge_nic activity; _therefore, they are not

reducing estrogen production as a therapeutic stra@SSociated with endometrial effects.

egy for breast cancer treatment. Anumber of com-

pounds were identified that inhibit estrogen syn- 2. Distribution and Regulation

thesis and cause mammary tumour regression in ©f Aromatase

i 12 - . . . .
animal model$?l One of these, formestane (4-  Egtrogen synthesis occurs in a variety of tissues
hydroxyandrostenedione), is now proving to be ef-j hoth males and females of most species. For

fective in patients with tamoxifen-resistant breaStexample aromatase has been identified in several

cancef!314 By reducing estrogen production, |ocations of the brain, including the hypothalamus,
aromatase inhibitors can elicit further responses ingmygdala and hippocampl#8! In men, aromatase
some patients who have relapsed on antiestrogegctivity is associated with muscle, adipose tissue
therapy. Thus, aromatase inhibitors can extend theind the testi§6-1% In women during pregnancy,
duration of response and quality of life for patients estrogens are produced in high levels by the pla-
with breast cancer. centa where aromatase is expressed in the cyto-
We also postulated that the more complete esplasm of syncytiotrophoblasts in the outer layer of
trogen blockade via aromatase inhibition might the chorionic villi[2-21The granulosa cells are the
result in greater tumour response than with tam-major source of estrogen synthesis in the ovary,

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)
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although low levels of aromatase are expressed irducing estrogens that act locally to stimulate tu-
the thecal compartment of the developing folli- mour proliferation.
clel22l Adipose tissue is considered to be the main  In humans, it is currently thought that there is
site of extragonadal estrogen synthesis contributonly a single form of aromatase encoded by one
ing to circulating estrogen levels in postmeno- gene, which has been mapped to chromosome
pausal womef3! However, levels of estradiol in 15139 The human cytochrome P45g, gene is
breast tissues from postmenopausal women haveomposed of 10 exons, 1 of which (exon I) is a
been found to be 10 times higher than those innoncoding exon. The human aromatase cDNA is
plasma24251 A number of reports, including our 2736 base pairs in length and encodes a 55kD pro-
own, indicate that aromatase activity as well astein of 503 amino acids. Regulation of the enzyme
aromatase messenger RNA is present in normaPccurs in a tissue-specific manner facilitated by
breast tissue and breast tumo#fs32] the use of alternative promotéf8! The promoter
Some clinical observations suggest that thereutilised in the placenta is at least 40kb upstream
may be a correlation between intratumoural aromafrom the translational start site. In the ovary, where
tisation and tumour response to inhibition of estro-the €nzyme is regulated by follicle-stimulating hor-
gen synthesis in patients treated with aromatasé"o"n€ (FSHY!!I a promoter proximal to the trans-
inhibitors{3334 observations also suggest that lo- lational start site, promoter I, is used. In adipose

cal production of estrogens may have an importantiSSu€, where glucocorticoids and cyclic AMP ap-
role in tumour proliferation. However, aromatase pear to be regulat_qrs of aromatd&;*l two pro-
activity measured in human breast tumour homog-moters may be utilised — prqmoter Il and another
enates has been reported to be relatively low an(promote_r as yet_ uncharacterised. )

was thought to be insufficient to catalyse the for- Steroidogenic P450 enzymes function as hy-

mation of sufficient estrogen to activate the estro-d:ﬁxyl$zesh'ndthe (I:otr'wersmr:j'oi OJIE sLermd to an-
gen receptoltd! Using both immunocytochemistry other. The hydroxylations mediated by P4gfare

andin situ hybridisation, we recently determined characteristic of steroidogenic P450 enzymatic re-

) N L actions. Nevertheless, there is only about 30%
the site of aromatisation to be mainly in the tumour
homology between P45Q,and other cytochrome

epithelial cells in human breast cancers, althougi‘b450 enzymek4 The region of greatest homology

some stromal cells surrounding the tumour also I " : is the h
expressed the enzynk&] Other, but not all, immu- among all steroidogenic P450 enzymes is the haem-
) ' ' binding region. Studies using the VGAP align-

nocytochemical studies have shown eplthellalment program have shown that the human aroma-

staining. These differences in results may be due Q550 sequence has only 17.9 to 23.5% identical
technique and/or antibodi€¥:3% In our studies, amino acids in common with the human adrenal
aromatase activity measured in cryosections ofgija_chain cleavage enzyme, théydroxylase

tumours correlated with a marker of proliferation 17a-hydroxylase and other P450 enzymes. This
(proliferating cell nuclear antigen score), suggest-|,,., sequence identity indicates that P45Q be-

ing that local concentrations of estrogens are suffi-|Ongs to a separate gene family, which has been
cient to stimulate the growth of the tumour. We also designated CYP185]

found that among tumours that were stimulated by
estrogens in histocultures, proliferation of some
tumours was also enhanced by testosterone. This
stimulation could be inhibited by the use of an  Recognising the unique features of the reaction
aromatase inhibitor, suggesting that estrogens wereatalysed by P45Q,., we postulated that selective
produced by the tumours via aromatisation of tes-inhibition of P45Q,,mmight be achieved with sub-
tosterone. Thus, it appears that aromatase expressatrate analogued!! In addition, since estrogen
in the tumour may play an important role by pro- production is the last step (fig. 2, step 5) in the

3. Rationale for Inhibition of Aromatase

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)
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biosynthetic sequence of steroid production, selec- 3.1 Systems for the Evaluation of

tive blockade of P45Q,, does not interfere with Aromatase Inhibitors
the production of other steroids, such as adrenal
corticosteroids. For these reasons, P4&0is a Following the design and eventual synthesis of

particularly suitable enzyme target for selective in- prospective aromatase inhibitors by the chemist,
hibition. As indicated above in section 2, the low compounds are tested to evaluate their inhibitory
homology of P45@.m with other steroidogenic potencies and other pharmacological properties
enzymes is consistent with selective inhibition be-toWwards aromatase enzyme. Consequently, appro-
ing a reasonable objective. priatein vitro as well asin vivo assays ha_ve been
Following the publication of the first report of d€veloped and are reviewed in this section.

aromatase inhibitors from our group in 1973, de-
velopment of aromatase inhibitors has progressed
over the last 26 yeats!] These inhibitors include

steroidal and nonsteroidal compounds and are Clasﬁreparations from rat ovaries have also been util-
sified as competitive inhibitors (type Il), affinity ;coq541 The assay is based on the method of
labels and mechanism-based inhibitors (SUiCidei”Thompson and Siité® and depends on the find-
activators or irreversible type I inhibitors). Sum- jgs py Brodie et alt®l that the B hydrogen atom
maries of research studies (basic and clinical aspf androstenedione is eliminated during aromatisa-
pects) on aromatase inhibitors have been publishegon. Tritiated androgens (usually f12B-3H]an-
from 3 international conferendé%4% and recent drostenedione or testosterone, and more recently
excellent reviews on aromatase inhibitors have[1B-3H]androstenedione) are added to the assay

3.1.1 In Vitro Assay
Microsomal preparations from human placenta
provide the major source of aromatd&&although

also appearel§:59-52] buffer (0.1 mol/L potassium phosphate, pH 7.4) in
Aldosterone
18-Hydroxylase*
7
Cholesterol 1 Corticosterone
,,,,,, 20,22-Lyase” 11B-Hydroxylase”
(desmolase) 6
Pregnenolone ——— » Progesterone - » 11-Deoxycorticosterone
””””” 17a-Hydroxylase - 21a-Hydroxylase*
2 {4
17a-Hydroxypregnenolone — 17a-Hydroxyprogesterone ——— 5 11-Deoxycortisol
77777777777777 17,20-Lyase - l l 11B-Hydroxylase*
3 6
Cortisol

Dehydroepiandrosterone ———» Androstenedione Erm— Estrone

l Aromatase** Tl
5

Androstenediol ———» Testosterone ———p Estradiol

(Pharmacological target for
selective aromatase inhibitors)

Fig. 2. Pathways of steroidogenesis in humans. Only the cytochrome P-450 enzyme systems are named and numbered; * = site of
action of selective aromatase inhibitors; # = site of action of nonselective aromatase inhibitors.
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the presence of an NADPH-generating system. Af-50% inhibition (1Gg) and/or K values. Because
ter reaction initiation by addition of microsomal the aromatase inhibition assays are performed dif-
aromatase and incubation at 37°C in air, estrogerferently in various laboratories, and a wide range
synthesis is measured indirectly by the amount ofof Ky, values for androstenedione have been ob-
tritium released from thefiposition, which forms  tained, inhibition data for the many aromatase in-
tritiated water. Utilisation of this assay system in hibitors should be compared with caution. It should
the presence of a prospective inhibitor allows thebe noted thatin comparing kgvalues, the concen-
potency of the inhibitor to be determined. Assaystration of the substrate used should be considered,
with [1B-3H]androstenedione are now believed to Whereas for Kvalues the K values for the sub-
be most appropriate, as significant los$idffrom  Strate usedisimportant. In the latter case, thHEK

the 2 position of the androgen substrates has beeriatio is thought to be a meaningful and appropriate
reported56571 In addition, since androstenedione indicator of activity. In addition, it may be useful
is 10-fold better substrate for aromatase than tes!0 determine and compare the inhibitory potencies

tosterone, assays that utilise testosterone may alsgf Prospective aromatase inhibitors with that of a
not be completely accurate. known potent aromatase inhibitor under the same

Classification of the inhibitor as reversible or 2sS&y conditions.

irreversible can be made by preincubation of micro-
somes with inhibitor for various lengths of time,

subsequent removal of inhibitor with dextran- L . .
aromatase in thim vitro assay are typically studied

coated charcoal, followed by reincubation with S . A
. . . ... further inin vivoanimal models. Their efficacy de-
substrate and measuring residual enzyme inhibi-

58] - ) pends on: (i). ar_omatase enzyme turnover.or ligand
:I:sl:]t'ing ?:rr:i%lijtgorrlsthltiles zr%lgﬁitagiga:;ynarsnsgﬁf;g (aromatase inhibitor)/substrate concentrations; and

) i) the pharmacokinetics of the aromatase inhibitor.
should be used to verify the presence of aromatasé ) P

activity in tissue not previously known to express
aromatase. ThéH,0 assay has been found unreli-  petermining inhibition of estrogen synthesis in

able in some Sth'éég?]_ the female rat is complicated by gonadotropin feed-
Human choriocarcinoma cells, JEG-3 or JEG, pack regulation. For this reason, we used rats in
have been used to study aromatase inhibitors irhrgestrus to determine the effects of aromatase in-
cell culturel®d Although some investigators have pipitors in our early studie8!l Animals with reg-
used human estrogen-dependent breast cancer cellgar cycles were treated with aromatase inhibitors
(MCF-7) for this purpos&?-62 aromatase activity prior to the day of proestrus, then on the afternoon
is generally very low. However, when transfected of the proestrus surge when estrogen levels were
with the aromatase gerfé] these cells (MCFZa)  expected to be maximum, blood was collected
have substantial aromatase activity. They havefrom the ovarian vein by cannulation and serum
proved to be very useful for comparing aromataseassayed for estrogen concentrations by radioimmu-
inhibitors and determining their;Kalues and other noassayt! 6l
enzyme kinetic parameters in cell cultd¢&65 An We also developed a rat ovarian model using
advantage of using these MClearcells is thatthey  injections of gonadotropins to override cyclic fluc-
can be inoculated into athymic (nude) mice andtuations and to stimulate ovarian aromatase. The
grown as hormone-responsive tumours for studiesvary luteinises and aromatase activity and estro-
of the antitumour effects of inhibitors (see later in gen secretion are maintained for several days at
this section). high levels. This model proved useful for studying
The inhibitory potencies of aromatase inhibi- direct effects of aromatase inhibitors on ovarian
tors are usually expressed as concentrations givingromatase activity and estrogen secretfdfi®!

3.1.2 In Vivo Assay
Compounds that show potent inhibition of

Inhibition of Ovarian Ovulation

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)
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Anfitumour Effects likely to be more beneficial when used in sequence,
Inhibition of ovarian aromatase activity (estro- thus providing a longer duration of tumour response.
gen biosynthesis), as well as the antitumour effects
of aromatase inhibitors have been determined in Peripheral Aromatisation
female rats. The carcinogen 7,12-dimethylbenz- A direct and sensitive assessment of aromatase

anthracene (DMBA) is able to induce multiple inhib.itors on peripheral a.romat_isatidn yivo is
mammary tumours 6 to 8 weeks following admin- provided by procedures in which the impact of

istration[s7] Since about 90% of these tumours are 2/OMatase inhibitors on the level of aromatase
.._enzyme and its activity are measured directly. The

dependent on estrogens from the ovary, the ability . . . ;
most appropriate animal model for this assay is the

of aromatase inhibitors to cause regression Ol hale rhesus monkey in which most of the circu-
arrest progression of tumour growth in these ratslating estrogen is extragonadal in origiA74!
can be studieé1-681 This model represents the pre- Following a continuous infusion of [fH]andro-

menopausal patient with breast cancer. Howevergianedione as labelled substrate an#lestrone
the system is complicated by feedback processegs an internal standard, both the rate and extent
which increase secretion of gonadotropins andgf conversion of androstenedione to estrone and
ovarian aromatase activity. This can result in hlgh estradiol in p|a3ma can be measuf@This pro-
estrogen levels that may override inhibition by cedure has been used with some minor modifica-
some aromatase inhibitols] tions to measure the extent of inhibition of arom-
We recently developed another estrogen-dependatase activity in patients with breast can¢ess!
ent model for the evaluation of aromatase inhibi- Differences in results between plasma levels and
tors which is more appropriate for the postmeno-aromatisation indicated greater suppression when
pausal patient with breast canfét. This model ~measured by peripheral aromatisation methods.
utilises human estrogen-dependent breast cancerhis finding and the advent of very potent inhibi-
cells transfected with the aromatase gene (MCFors ledto the development of more sensitive meth-
7ca). These cells are inoculated subcutaneously?ds for measuring serum/plasma concentration.

with Matrigel into ovariectomised nude mice. The S

. T erum Estrogen Levels
cells produce sufficient estrogen by aromatisation Circulating estrogen levels are low following
to stimulate their proliferation and formation of tu- menopause. Thus, accurate measurements follow-
mours in the mice. In addition, the uterus is main-jng treatment with aromatase inhibitors requires
tained in a condition similar to an intact animal. highly sensitive assays. Studies with the new
The model has proved useful in evaluating thehighly potent inhibitors necessitated development
antiestrogen§! Recently, the possibility that of improved method8687 Although serum levels
aromatase inhibitors used in combination with anti-are a useful indicator of circulating estrogens, they
estrogens may be more effective than either treatmay not reflect local levels in the environment of
ment alone was investigated. However, the studieghe breast. Only a few studies have addressed this
demonstrated no synergistic or additive effectsissue to dat&®l although levels of hormones in
with the combined treatment compared with aroma-breast tissue have been studied in other con-
tase inhibitors alone, although the combination textst?+2!
was more effective t.har.1 t_he ant!estrogen alone. Al- 3.1.3 Antitumour Assessment of Aromatase
though aromatase inhibitors did not show estro- |pnibitors in Patients with Breast Cancer
genic effects on the uterus, when combined with  Response to treatment with aromatase inhibi-
tamoxifen the uterine weight was only slightly less tors is usually evaluated according to the Interna-
than with tamoxifen alonE? The results suggest tional Union Against Cancer or the European Or-
that antiestrogens and aromatase inhibitors arganization for Research and Treatment of Cancer

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)
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criterial®89.901 |t has been argued that stricter appli- are depicted in figure 3; these have been broadly
cation of these response criteria leads to muclclassified as steroidal and nonsteroidal.
lower response rates than those expected and re-

ported in the past for the early aromatase inhibitors.  3.2.1 Steroidal Aromatase Inhibitors

3.2 Classification of Aromatase Inhibitors

Steroidal compounds that are structurally re-
lated to the natural substrate of aromatase make up
about 80% of the aromatase inhibitors reported. A

The chemical structures of prominent aromatasecommon and crucial feature of all 4 of the steroidal
inhibitors in clinical trials and presently available inhibitors evaluated clinically (formestane, exem-

o
07 ;/ { o)
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~ H
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Rogletimide

[

N\
N

NC CN
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Fig. 3. Structures of aromatase inhibitors in breast cancer therapy. Formestane (4-androstenedione, 4-OHA); exemestane (6-
methyleneandrosta-1,4-diene-3,17-dione, FCE-24304); aminoglutethimide; rogletimide [pyridoglutethimide, PyG, 3-ethyl-3-(4-
pyridyl)piperidine-2,6-dione], fadrozole [4-(5,6,7,8-tetrahydroimidazo[1,5I]pyridine-5-yl)benzonitrile monohydrochloride, CGS
16949A]; vorozole [6-[(4-chlorophenyl)-(1H-1,2,4-triazol-1-yl)methyl]-1-methyl-1H-benzotriazole, R-83842)]; letrozole [4-[1-
(cyanophenyl)-1-(1,2,4-triazolyl)methyl]benzonitrile, CGS-20267]; and anastrozole [2,2'-[5-(1H-1,2,4-triazol-1-yl-methyl)-1,3-phenyl-

ene]bis(2-methylpropiononitrile), ZD-1033].
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estane, atamestane and 10-propargylandrostenene to rats and found a 64% inactivation of ovar-
edione) is their ability to inactivate aromatase (theyian aromatase activity compared with the control
are usually referred to as ‘suicide inactivators’). animals, whereas theaébromoandrostenedione
Suicide inactivators are thought to compete withwas ineffective atthe same dose. It should be noted
the natural substrate and subsequently interact wittihat the @&-epimer is at least 235 times stronger
the active site of the enzyme. They bind either verythan the @-epimer as an inhibitor of aromatase
tightly or irreversibly to the enzyme, thus causing Vitro.[%®! Clearly, therefore, the focus in the future
its inactivationl®l] Because they bind irreversibly design of prospective steroidal aromatase inhibi-
to the enzyme due to covalent modification at thetors should be directed towards compounds that
active site, these inhibitors are quite specific andMay inhibit aromatase irreversibly.

have lasting effectin vivo. Thus, the continued 3.2.2 Nonsteroidal Aromatase Inhibitors

presence of the drug to maintain inhibition is not The nonsteroidal inhibitors possess a hetero-
necessary when using type | (suicide) inhibitors, atom (usually of a nitrogen-containing heterocy-
and the chance of toxic adverse effects to the paclic moiety) as a common feature that interferes
tient will therefore be reduced. with steroidal hydroxylation by binding with the

However, it should be noted that the vast major-haem iron of cytochrome P45Q,, Like most
ity of steroidal inhibitors are unlike the suicide steroidal inhibitors, these compounds are revers-
inactivators, as they interact with the substrate-ible inhibitors of aromatase. Although it is gener-
binding site of the enzyme in a competitive and ally believed that most nonsteroidal type Il inhib-
reversible manner. Indeed, these types of inhibitorstors are less enzyme specific and will inhibit, to
have not shown promise as candidates for clinicalvarying degrees, other cytochrome P450-mediated
studies because of poam vivo activity®! It is  hydroxylations in steroidogenesis, the nonsteroi-
tempting to speculate that because aromatase hasdal inhibitors shown in figure 3, except for amino-
relatively low K, high dose levels may be needed glutethimide, are highly selective for aromatase.
even for reversible inhibitors with apparently low Since not all of the prospective nonsteroidal com-
Ki values. This assertion seems to apply only to thepounds that have been tested as inhibitors of
steroidal compounds when one considers the rearomatase are potent inhibitors of the enzyme, it
sults of clinical studies with the nonsteroidal com- seems reasonable to believe that the nature of non-
pounds which, although intrinsically reversible heterocyclic moiety is also important. This portion
aromatase inhibitors, cause substantial suppres2f the molecule may interact with aromatase via
sion of estrogen synthesis (see section 4.2). Thélydrogen and/or van der Waals bonding. The de-
relatively short plasma half-lives of the reversible 9ree of compatibility or synergism between bind-
steroidal inhibitors may be the main reason foring to the haem iron and interaction with the pro-
their mediocre efficacyn vivo. tein residue may also be crucial.

Based on the current status of knowledge of
studies {n vitro andin vivo) on steroidal aromatase
inhibitors, their ability to inactivate aromatase seem
to be crucial. This property is clearly illustrated by
the results of preclinical studies with 2 steroidal
compounds of similar structurepébromoandro- Although a large number of aromatase inhibi-
stenedione, a competitive and reversible inhibitortors have been developed over the past 26 years,
of aromatase (K3.4 nmol/L) and its B-epimer, a  unfortunately only a relatively small number of
mechanism-based irreversible inactivator (K8  these compounds are in clinical trials or clinically
UmMol/L; Kinact0.025 mirtd). Thus, Tochigiand col-  available. Prior to the advent of the aromatase in-
league®? administered B-bromoandrostened- hibitor field in the early 1970s, 2 compounds, tes-

4. Pharmacology and Clinical Efficacy
of Aromatase Inhibitors

4.1 Early Inhibitors Used Clinically

0 Adis International Limited. All rights reserved. Drugs 1999 Aug: 58 (2)



242 Njar & Brodie

tolactone and aminoglutethimide, were being usednore selective and potent nonsteroidal aromatase
for breast cancer treatment that later were found tdnhibitors. In this section we only discuss in detail
be weak aromatase inhibitors. Testolactone hashe pharmacology and clinical potential/efficacy of
been used in the treatment of breast cancer sincéhose compounds that have been studied in clinical
19604 but did not have a well established mech- trials or are approved for the treatment of breast
anism of action until the report of its inhibition of cancer. These include formestane, rogletimide, fad-
aromatase in 1979:2.95 Aminoglutethimide be- rozole, vorozole, anastrozole and letrozole. These
came available for treatment of the same disease icompounds have been given to sufficient numbers
1967 because of its ability to inhibit adrenal steroid of patients with breast cancer to allow meaningful
formation!®5.96] Subsequently, aminoglutethimide evaluation of the clinical data. The structures of
was found to reduce estrone concentrations whildhese compounds are depicted in figure 3. The
androstenedione levels were concomitantly in-structures of the antiestrogen tamoxifen and of the
creased?®’] Because of its availability and superior progestin megestrol are shown in figure 4; their
efficacy to testolactone in breast cancer therapycglinical efficacies in patients with breast cancer are
aminoglutethimide has had an important place inusually compared with those of the aromatase in-
demonstrating the utility of the concept of aroma- hibitors.

tase inhibition. Although aminoglutethimide ex-

hibits similar efficacy in patients with breastcancer  4.2.1 Formestane

to the selective aromatase inhibitors (see section During the testing of prospective aromatase in-
4.2), it has significant adverse effedt®. These hibitors[>4l formestane was one of the first dis-
properties of aminoglutethimide are in part due to covered as a potent and specific inhibitor of aroma-
its lack of specificity and its inhibition of multiple tase with good endocrine effedt$:>4 In vitro, it
P450 enzymes, notably fdhydroxylase. Patients interacts with human placental aromatase with an
receiving aminoglutethimide therefore require con-
comitant use of cortisol replacement ther&sy.
Other adverse effects include somnolence and
rashes. However, several additional effects were
observed in patients. These included enhanced
conversion ofA® to A% steroid$”®! and reduction of
plasma levels of estrogen sulfate by increasing ste-
roid metabolism in the live:9% These latter effects
may occur as a result of induction of hepatic cyto-
chrome P450 mixed function oxidases by amino-
glutethimidel101]

4.2 Selective Aromatase Inhibitors

Significantly, the potential of specific and po-
tent aromatase inhibitors discovered in the early
1970s (e.g. formestari&)>4! for the treatment of
advanced breast cancer in postmenopausal women
provided the stimulus that led to the discovery of
other aromatase inhibitors. In addition, following
the recognition that aminoglutethimide was a non-
specific inhibitor of several steroidogenic P450 Megestrol
enzymes, including aromatase, the quest began fdtig. 4. Structures of tamoxifen and megestrol.
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apparent Kof 10.2 nmol/L, causing a rapid and reactions, usually sterile abscesses, occurred in
irreversible inactivation with a |Kact of 0.41 x less than 10% of the patients and were mainly a
10-3 s71[58.1021gn it is referred to as a suicide in- feature of the higher injected dose (500mg). Only
hibitor. Compared with aminoglutethimide, it is 3 to 5% of patients discontinued treatment. The
approximately 60 times more potdfit.2%! In vivo, differences in estrogen reduction between the
formestane 50 mg/kg given subcutaneously twicetreatment groups were minor and there were no
daily almost completely inhibits ovarian and ex- significant differences in clinical efficacy. There-
tragonadal estrogen synthesis and significantly refore, 250mg injected every 2 weeks, which results

duces the growth of estrogen-dependent mammaryn fewer local reactions than the 500mg dose, is
tumours in rat$é6.103 These promising preclinical recommended for advanced breast cancer treat-

result§125866.73land initial clinical studied314 ~ mentin postmenopausal womgfl

provided the basis for subsequent clinical trials of ~ The lack of response of some patients to form-
formestane and its approval as treatment in postestane treatment appears to be due to loss of hor-
menopausal women with breast cancer. mone sensitivity of their tumours rather than to
Clinical studies show that this compound re- Suboptimal dosages of formestane. Serum estra-
duces peripheral aromatisation and plasma estrodiol Ievels in patients were found to be suppressed
gen leveld?7 1041 Two different dosages of formest- by formestane without apparent differences be-
ane administered by injection were evaluated infWeen dosage regimens, and these suppressed lev-

over 560 postmenopausal patients with breas€!S Were maintained for atleast several moritPd.
cancer with advanced disease at different centred! therefore seems likely that tumours remained sen-

Patients were either estrogen receptor—positive o ltive to estrogens in those patients who had re-
of unknown receptor status and had relapsed fro apsed from tamoxifen bu'c[)]subsequently responded
other hormonal treatments. Patients received form—;{jO forr:nisttane treatmeHﬂ;) Several miCh?:"S;ns
estane either as a 500mg intramuscular injection y which tumours may become resistant 1o tam-
weeklvy 500mq intramuscularly every 2 weeks or oxifen, yet retain hormone responsiveness, have
Y. 9 y y . been proposed! 112l Although most patients

250mg intramuscularly every 2 weeks. Compari- . S : X

son between the 250mg and 500mg intramusculatreated with aromatase inhibitors in studies to date

- CUafave previously received tamoxifen as first-line
doses administered every 2 weeks showed simila h : A .
erapy, a few studies of aromatase inhibitors in

degrees of esirogen suppression. The overall re; ostmenopausal patients with breast cancer pre-

sponse rates observed in several studies were Cor'€10usly untreated with endocrine therapy have

pIet-e or part.ial tumour re.gres_sion.in 25 10 39% of been conducted. No significant difference in re-
patients, disease stabilisation in 22% of pa'sponse rates was found between formestane and
i 105-107 i an i ) ) Hen

t|en-t§f land disease progression in the re tamoxifen when used as first-line therapy, although
maining women. When formestane 250 mg/daypatients relapsed sooner from formest##8.
was administered orally to patients, the responsg-grmestane is now approved in many countries for
rates were similar to those of patients receiving ;qyanced cancer in postmenopausal women, mak-
biweekly injections of 250 and 500m¥®! Al- jng it the first selective aromatase inhibitor to be-

though there was no significant difference in re- come available and at the time was the first new
sponse rates between the 2 routes of administragreatment for breast cancer in 10 years.

tion, recent studies have found that inhibition of

peripheral aromatisation was less with oral form- 422 Exemestane

estane than with formestane administered by injec- Exemestane is another potent steroidal irrevers-
tion.[104 Biweekly injections of both dosages of ible aromatase inhibitdt!4! In vitro, exemestane
formestane were very well tolerated, with mild ad- causes time-dependent irreversible inhibition of
verse effects occurring in 17% of patients. Local human placental aromatase with a half-lifg)(of
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13.8 minutes and a;of 26 nmol/L, and was found for evaluation of respond&# The overall objective

to be as potent as formestang @ nmol/L under response rate was 22% and disease stabilisation
the same assay conditiord&¥! It was also demon- (224 weeks) was observed in an additional 24% of
strated that exemestane was highly specific forcases. Thus, 46% of patients benefited from the
aromatase, as it did not inhibit desmolase ar 5 treatment. In another studff] the response to ex-
reductasé!!®l In vivo, in rats with DMBA-  emestane 200mg once daily was evaluated in 62 of
induced tumours, exemestane 3 to 100 mg/kg80 patients enrolled after progressing on treatment
subcutaneously daily caused potent inhibition ofwith a high dosage of aminoglutethimide500mg
ovarian aromatase and significantly suppressed thénce daily with glucocorticoids). A total of 24%
growth of established tumoubd8.1171|n addition, of the patients obtained an objective response to
this study also showed a clear preventative effect orffXemestane therapy, whereas an additional 24%
the appearance of new tumours during the treatmenchieved stable disease for more than 24 weeks.
period. In anothemn vivo study{118l both subcuta- ' hese results are similar to those of other studies
neous and oral exemestane were shown to b&howing a lack of cross-resistance to aminoglut-

highly effective atinhibiting the growth of DMBA-  &thimide and formestarig®>123 Although exem-
induced mammary tumours in ovariectomised estane is generally well tolerated, a number of mild

testosterone-treated rats (a model of postmenot@ Mmoderate adverse effects have been reported,

pausal mammary tumours). These encouragin ncluding androgenic effects (hypertrichosis, hair
preclinical studies have led to a number of clinical 0SS, thoarsegess and acne), hot flushes, increased
evaluations. sweating and nausea. .

In a phase | clinical trial when single doses of Studies are in progress to confirm the response

exemestane 0.5 to 800mg were administered t&o exemestane in patients relapsing on aminoglut-

healthy postmenopausal women, plasma estrogen%th'm'de’ some new nonsteroidal aromatase inhib-

were significantly (61 to 72%) suppressed; maxi- itors or megestrol. In addition, a phase Ill trial com-

mal estrogen suppression was attained with a dosgzirlln%vg?he t:?f;g? ﬁ:ﬁ tn?leexeesn':riﬂznsnzimg ?:Ce
of 25mgl1191 A similar observation of sustained y 9 going

. : urope and the U84 Exemestane, an orally ac-
suppression of plasma estrogens was made in pos :

) . . ve, selective and long-lasting steroidal irre-
menopausal patients with breast cancer during IOng(/ersible inhibitor of aromatase, is expected to be-
term treatment with exemestane 2.5 to 25 mg/ !

120 . - . come available soon for the treatment of patients
day!12%] Following a suspicion that metabolites of _ -

X NS with breast cancer.
exemestane may cross-react with antibodies in the

radioimmunoassays and thus interfere with assays ,, 3 Rogletimide
of plasma and urinary determinations, Johannessen gjnce 1983, several groups have engaged in the
etall*?!ldeveloped a very specific and highly sen- gynthesis of aromatase inhibitors that are structur-
sitive analytical method for measuring estrogeng|ly related to aminoglutethimide. Consequently,
levels. USing this methOd, they found that |0ng- Jarman’s group discovered rog]etimide (pyrido_
term treatment with exemestane suppressed plasmglutethimide)24 This compound is slightly less
and urinary estrogens by 85 to 94%!! These potent than aminoglutethimide, with; Kalues of
studies enabled them to recommend the drug dosi.1 and 0.Gumol/L, respectively, but unlike amino-
age of 25 mg/day currently used in phase Il andglutethimide does not inhibit desmolaldét 125!
phase lll trials. This means that rogletimide can be used without
Two large multicentre, multinational phase Il cortisol replacement. Indeed, preclinical tests in
studies have recently been conducted in patientsnice demonstrated that rogletimide lacks the sed-
failing to respond on tamoxifen treatment. Of a ative and other CNS effects of aminoglutethim-
total of 265 patients enrolled, 202 were availableide!*28] In vivo in the rat, rabbit and in humans,
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rogletimide is metabolised mainly to rogletimide low response values for rogletimide may preclude
N-oxide, which was shown to be inactive againstits further clinical evaluation as a prospective drug
aromatase. Thus, rogletimide does undergo metafor treatment of breast cancer.
bolic inactivationin vivo, but to a lesser extent than
observed with aminoglutethimid&7) 4.2.4 Fadrozole _ _

In a clinical study that involved 4 postmeno- Fadrozole is a second-generation nonsteroidal

pausal women with breast cancer receiving roglet-revers'_ble_ |r_1h|b|tor of aromatasén vitro, it is a _
imide 500mg twice daily for 3 to 4 days, estradiol potent inhibitor of human placental aromatase with

levels fell to about 31% of baseline values within & Ki value of 1.6 nmol/L, making it approximately

. . i i i |
48 hours and remained suppressed during treat‘-100 times more potent than aminoglutethinide!

ment(1281 Dowsett and colleaguBd® demonstra- Selectivity towards aromatase was indicated by the

. . ... significantly higher concentration of fadrozole re-
ted in & study of 10 postmenopausal patients Wlthquired to inhibit other related steroidogenic P450

b.reast cancer that S|gn|f|9apt suppression of eStraénzymeé%%] However, it is now known that fadro-
diol occurred at a rogletimide dosage of 200mg

. Lo 9 ” zole also inhibits 1f8-hydroxylase and 18-hydroxy-
twice daily with no significant additional suppres- lase, enzymes in%ff)lv}éd in>t/he synthesis gf cort%sol
sion at higher dosages, i.e. 400, 800 or 1000mg ’

o _ and aldosterong34.13%]
Although there were no significant endocrine ef-

: The results ofn vivo studies with fadrozole in
fects at any dosage on the serum levels of cortisol,_ . . :
Vg . _‘animals are impressive. Fadrozole 0.26 mg/kg
aldosterone, luteinising hormone, FSH, prolactin,

h bindi lobuli thvroid-stimulat orally almost completely reduced ovarian estrogen
sex hormone binding globulin orthyrold-stimulat= ., 4;ction in gonadotropin-primed rdt83! Fur-
ing hormone, there were dosage-related adversgn

i ermore, at an oral dosage of 1 to 8 mg/day, fadro-
effects, the most frequent being nausea and Ieth'zole caused almost complete regression of hormone-

argy. Only 1 patient (10%) in this group showed an yenendent DMBA-induced mammary tumours in
objective response to treatment. ratsl136]

A more recent Stng’go] with oral rogletimide A number of clinical trials have been conducted
300 and 400mg twice daily showed serum andyis, taqrozole. Phase I studies reported excellent
urine es_troge_n levels suppressed to less than sp%lerabilityllw'“g] Fadrozole 2mg daily caused
of baseline without effects on other serum steroidy,5ximal estrogen suppression in postmenopausal
hormones. Adverse effects noted at both dosageﬁatients[.wsvmgl In one study, Santen and col-
were anorexia, nausea, heartburn/epigastric disreague§371 showed that aldosterone suppression
comfort, fatigue, hot flashes, dizziness and light- gccyrred only at substantially higher dosages than
headedness. those required for maximal estrogen suppression

Additional phase Il trials have also been re- (8 and 16mg daily). Two phase Il studies did not
ported. In a study by Schulz et@!thatinvolved  show a significant difference in toxicity or re-
administration of rogletimide 300mg twice daily to sponse between 1 and 4mg daily in one study or
68 postmenopausal women with advanced/metabhetween 1, 2 and 4mg daily in the other stlfd§:.141]
static breast cancer, the highest objective responsg contrast, clinical studies by Dowsett and col-
rate observed was only 14%, but 34% of the pa-league842143lwith fadrozole indicated a dosage-
tients had their disease stabilised. The adverse efrelated suppression of estradiol levels between the
fects were headaches and gastrointestinal sympdosages of 0.6 and 4mg daily and that aldosterone
toms. In another phase Il study of rogletimide levels were suppressed by approximately 50% at
200mg twice daily in 90 heavily pretreated patientsthe 4 mg/day dosage.
with breast cancer, the results were disappointing; In order to clarify these discrepancies, Dowsett
the objective response rate was only 4% and morend colleagues have recently conducted 2 addi-
adverse effects were reportéél These relatively  tional studies with fadrozole. A double-blind ran-
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domised endocrine study of 3 doses of fadrozolerozole was associated with a higher frequency of
(0.5, 1 and 2mg, all twice daily) was conducted in nausea and vomiting.

80 (68 evaluable) postmenopausal patients with ad- Optically pure (-)-fadrozole is useful for the
vanced breast cancer over a period of 3 moHts.  treatment of estrogen-dependent breast cancer and
It was concluded that fadrozole achieved near-reduces the adverse effects associated with racemic
maximal suppression of estrogens at 1mg twicefadrozolel148l

daily, and that its effects on aldosterone synthesis

are unlikely to be of clinical significance. In the 425 Vorozole _ _ _
second study the objective was to evaluate re- Y0rozole, a chiral nonsteroidal triazole deriva-
sponse, time to treatment failure, duration of re.tive, is a potent and selective competitive inhibitor

sponse and tolerability*5] This randomised study of aromatase. Itis the (+)df) enantiomer of the
involved the oral administration of fadrozole 0.5, '2¢€MIC 'm-|xture (R.'7.6713)'. AIthough the aroma-
1 or 2mg twice daily to 80 postmenopausal pa_tase |nh|l?|t0ry activity resides pr!manly in the

. ; -~ (+)-enantiomer (R-83842), preclinical as well as
tients with recurrent breast cancer after tamOXIfenclinicaI studies have also been conducted with ra-
failure. The objective response rate was 17%. 150emic vorozole and to a lesser extent with the (<)-
patients (21%) had stabilised disease and 45 P& antiomer (R-8383949-159] Racemic vorozole
tients (63%) had progressive disease. There was n?+)-vorozole and (—)-vc.)rozole have Kalues for’
statistical difference between the dosage groupsy, ;man placental aromatase of 1_'3, 0.7 and 18
The main adverse events were of mild to moderateanI/L' respectively. Our discussion will focus on

severity: nausea in 11 patients (13.75%), hot ﬂ“She?+)-vorozole and racemic vorozole
in 4 (5%) and somnolence in 3 (4%). These results Vorozole is approximately 1029 times more

revealed that fadrozole is a clinically active aroma- ) o nt than aminoglutethimide in the human pla-

tase inhibitor with a low incidence of adverse ef- cental aromatase systétidis highly selective for

fects. h domised oh dv of fad | aromatasés3] and does not suppress aldosterone
Another randomised phase Il study of fadrozole .,y ,ction in ratd!54 In hormone-dependent

in postmenopausal patients with metastatic breasg g a-induced rat mammary tumours, vorozole

cancer has recently been reported by Miller and, g mg/kg twice daily reduced tumour growth to an
colleagues!“®! Three treatment groups received, oytent equivalent to ovariectorfl!

respectively, oral fadrozole 0.6mg 3 times daily,

1mg twice daily and 2mg twice daily. The results menopausal women was inhibited by 93, 93.2 and
were identical to those of Dowsett etl&#® and g4 404 by doses of 1.0, 2.5 and 5.0mg, respectively,
confirm the modest activity of fadrozole in hetero- ¢ racemic vorozolélss! These doses may be con-
geneous groups of patients with breast cancer at 3jgered equivalent to 0.5, 1.25 and 2.5mg, respec-
different dosage levels. tively, of vorozole itself as the (-)-enantiomer has
A large randomised double-blind multi-institu- previously been shown to be inactiw vivo in
tional phase 11l tridf47 has been completed com- rats[151] |n healthy male volunteers, a single oral
paring fadrozole 1mg twice daily and megestrol dose (5 or 10mg) of racemic vorozole lowered
40mg 4 times daily in a total of 683 postmeno- plasma estradiol levels to the detection limit of the
pausal patients with metastatic breast cancer afteassay 4 and 8 hours following administratiét:156]
progression from first-line hormonal therapy. It Dowsett and colleagu&8” have shown from their
was concluded that fadrozole was as efficacious astudies with patients with breast cancer a signifi-
megestrol in this group of patients. Adverse eventscant trend to increasing estradiol suppression with
were mild with both therapies, but megestrol wasincreasing doses of vorozole ranging from 1 to
associated with higher frequency of bodyweight 5mg, but no significant difference between 2.5 and
gain, fluid retention and dyspnoea, whereas fad-5mg. These studies enabled clinicians to establish

In vivoperipheral aromatisation in healthy post-
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a vorozole dosage of 2.5 mg/day for phase Il clin-zole has appeared recenf#$3] However, further
ical trials. development of vorozole has been halted.

A phase Il clinical study has been conducted of
29 patients with breast cancer with estrogen recep- 4.2.6 Anasfrozole
tor—positive or unknown status who were treated Anastrozole, an achiral benzyl triazole deriva-
with oral vorozole 2.5mg once dail§£8l Of the 27 tive, is a potent and selective aromatase inhibitor
patients evaluated, 3 patients (11%) had partial reWith an 1Gso value of 15 nmol/L against human
mission of their disease and disease stabilisatioPlacental aromatas&él In vivo studies of ovarian
was observed in 50% of patients. The adversedfomatase activity in the rat show that an oral dose

effects were mild and included malaise, anorexia®f @nastrozole (0.1 mg/kg given on day 2 or 3 of

and nausea, hot flashes, fluid retention, vaginal in-N€ estrous cycle) completely blocked ovulation in

fection, alopecia, lightheadedness and 1 aIIergicthe mature female and androstenedione-stimulated

reaction which caused lip swelling. In a recent Ut€rine developmentin prepubertal females. These
study[15% 34 postmenopausal patients previouslyeffeCtS have been attributed to inhibition of the

treated with tamoxifen in the adjuvant setting and/normal preovulatory rise in ovarian follicular estro-

or for advanced disease were treated with vorozole? " sytheS|s in mature females and |nh|b|_t|on of
. C metabolism of the exogenous androstenedione by
2.5mg once daily. The overall objective response

rate was 21%. Tolerability was excellent to good the immature ovary in prepubertal females. Twice-

in 97% of the patients, and the adverse effects Weredally oral administration 0£0.1 mg/kg of anast-

mild. Another phase Il study involving 27 post- fozole to male pigtail monkeys inhibited peripheral

: . aromatase, reducing circulating estradiol concen-
menopausal patients with advanced breast Cancel.vions by 50 to 609854 The selectivity of anast-
treated with vorozole 2.5 mg/day has been com

o i ‘rozole for aromatase was also demonstrated as it
pleted with improved result$ All patients had

. . ! ) did not interfere with the production of steroid hor-
been previously treated with tamoxifen as adjuvant, o o« by other related cytochrome P450-depend-

(2 patients) or for advanced disease (24 patients)ynt onzymes in a variety of pharmacological stud-
or both (1 patient). The overall objective responsejqg in the rat dog and monkéy4!

rate was 30%, and 33.3% of the patients had dis-  zp4q4r070le has been subjected to a broad range
ease stabilisation. Treatment was very well toler-(at least 20 phase I studies) of rigorous studies in

ated, with mild adverse effects. From these resultsnumans to determine its pharmacodynamics, phar-

it was concluded that vorozole is an active secondy,5cokinetics and safef{f4167) Because of its

line endocrine treatment deserving consideratiorqmpressive pharmacological and clinical proper-
for randomised comparison with other established;ies in preast tumours, it has now been extensively
agents (antiestrogens) used for estrogen therapy Qfyajuated in the treatment of postmenopausal
breast cancer. women with advanced breast cancer. In 2 recent
In 2 large phase Il studid;*1%?lvorozole 2.5 studies of anastrozole, oral dosages of 1 and 10mg
mg/day demonstrated favourable clinical efficacy daily were compared with megestrol 40mg 4 times
compared with aminoglutethimide and megestrol.dajly in postmenopausal patients with advanced
Vorozole improved patient quality of life to a breast cancd#68169The 1mg dose of anastrozole
greater extent than aminoglutethimide, and ap-was chosen because it was the lowest dose produc-
peared to be at least as well tolerated as megestrohg maximal suppression of serum estradiol con-
but was better than aminoglutethimide. The mostcentrations. The 10mg dose was used because it
common adverse events with vorozole in this studyhad the potential for greater efficacy without addi-
were hot flushes and nausea, which were generallyional toxicity. However, after a median follow-up
mild in severity. A comprehensive review of im- of 6.1 months, there was no significant difference
portant studies (preclinical and clinical) on voro- between the 2 dosages of anastrozt8.Com-
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plete or partial responses lasting 3 to 8 months oc- 4.2.7 Letrozole _ _
curred in 10.3% of patients receiving anastrozole Letrozole is another potent nonsteroidal achiral
1mg, 8.9% of patients receiving anastrozole 1Omgtr|azolyl inhibitor of a}romatase, with an kgvalue
and 7.9% of patients receiving megestrol. The dis-0f 11.5 nmol/L against human placental aroma-
ease was stabilised in 25.1, 22.6 and 26.1% of patasel’’* It is highly selective for aromatase as it
tients, respectively. Responses were observed if0€s not affect adrenal steroidogenesisitro or
patients who progressed after receiving adjuvant” Vivo at concentrations and doses several orders

tamoxifen as well as in patients who received of magnitude higher than those required to inhibit

tamoxifen for advanced disease. The main advan€Strogen synthesis. In addition, itis approximately

tage of anastrozole was tolerability. Although all 200 @nd 10 000 times as potent as aminogluteth-

) - idein vi in vi ivelJ174,175]
treatments were well tolerated, patients recelvmg'm!de Iln vn(;olanld Itn V'VIO' ;eSpSC“VeIx' ¢ In
megestrol experienced more bodyweight gain.an'ma mode’s, letrozole has been shown 1o cause

Significant bodyweight gain in up to 64% of pa- almost complete regression of estrogen-dependent

. . i 75]
tients treated with megestrol has been repoi&d. DMBA-induced mammary tumouts?

. . . . Phase | studies were conducted in healthy vol-
Gastrointestinal disorders were more frequent with 76,177 . . .
. . unteer&76.177land in postmenopausal patients with
anastrozole but were usually in the form of mild

179
transient effects. This resulted in a low (3%) inci- advanced breast cand##®'7%l These have shown

. . L letrozole to be effective in suppressing estrogen
dence of withdrawal. In the entire clinical pro- bp g 9

. . . and estradiol levels by more than 75 to 80% at 3
gramme, there was no evidence that increasing pa-

tient d v affected the tolerabilit fdosages of 0.1, 0.5 or 2.5 mg/day with no clinically
\ent age adversely attecte € ftolerability o relevant effects on other endocrine steroid hor-

anastrozole. As a consequence, no dosage mOOIIfIr'nones. Objective response rates of approximately

Catxnh's rer::ommende:j fj(_)(r) eIdi;Iy patients. h 25% were recorded in these groups of patients after
though anastrozole 10 mg/day was not SNOWn ;e of previous therapy. Tolerability was excel-

to produce any additional clinical benefit over the lent, with minimal adverse effect&/8-180]

1 mg/day dosage, the tolerability profile was very A phase Il study with letrozole in a larger group
similar to that of the lower dosage. Thus, the goodof 63 postmenopausal Japanese women with ad-
tolerability of anastrozole 10 mg/day provides ananceq or recurrent breast cancer has also been
excellent therapeutic margin for tolerability and ;nquctedisl Objective responses were observed
selectivity over the recommended dosage of 1i, 2804 of patients receiving 0.5 mg/day and in 39%
mg/day. After 31 months, there was a significant of those receiving 1 mg/day. Stable disease was
improvementin overall survival of patients receiv- seen in 41% and 40% of patients in the 2 groups,
ing anastrozole 1 mg/day in comparison with thoserespectively; few adverse events were reported.
receiving megestrol (median overall survival 26.7 | etrozole, unlike anastrozole, seems to produce
months versus 22.5 months, respectivéli}lAn-  more responses at a higher dosage. Alarge, double-
astrozole, a highly selective, once-daily, orally ac- pjind, multicentre trial (the AR/BC2) has been
tive nonsteroidal aromatase inhibitor, appears tocompleted comparing letrozole 0.5mg once daily,
be beneficial in postmenopausal women with ad-letrozole 2.5mg once daily and megestrol 160mg
vanced breast cancer. Anastrozole has recentlpnce daily in a total of 551 postmenopausal women
been approved by the US Food and Drug Adminis-with advanced breast cancer previously treated with
tration (FDA) and a number of other regulatory antiestrogen§:82.1831 | etrozole 2.5mg once daily
agencies around the world for this indicatidf?!  was statistically superior to megestrol in overall
A review of its use in the management of post- tumour response rate and time to treatment failure.
menopausal women with advanced breast cancekegestrol was associated with significantly more
has recently appeardd3! adverse experiences, which resulted in more pa-
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tients withdrawing from treatment than with either be recommended for the treatment of patients with
dosage of letrozole. Megestrol also caused@%  advanced breast cancer. Letrozole received FDA
increase in bodyweight in more patients. In addi-approval in December 1996.
tion, there was a significantly greater benefit of the
2.5mg letrozole dosage compared with the 0.5mg 5. Discussion
dosage iqtermg of objective response rates, time to The results of 2 types of randomised clinical
progression, time to treatment failure, and sur-yias with some aromatase inhibitors are summar-
vwal._These results suggest that letrozole is morggqq in table |I. First, formestal& and fadro-
effective and better tolerated than megestrol. zold148l are each compared with tamoxifen as first-
In a recent non-blind studj? 555 patients  |ine treatment for metastatic breast cancers. These
with advanced breast cancer previously treatedyaa suggest that there is no significant difference
with antiestrogens were randomly assigned to repetween tamoxifen and either formestane or fad-
ceive daily letrozole 2.5 or 0.5mg, or aminoglut- rozole as first-line endocrine therapeutic agent,
ethimide 250mg with hydrocortisone or cortisone and that there is no clear advantage to use of one
acetate replacement. After 33 months, the OVGI’a'Urug over the other in terms of responses and du-
objective response rates and median duration ofation of treatment, although duration of response
response were 17.8% and 23.2 months for letrozoleyppears to be longer with tamoxifen. Secondly,
2.5mg, 16.7% and 17.5 months for letrozole 0.5mg,fadrozole, vorozole, anastrozole and letrozole are
and 11.2% and 12.3 months for aminogluteth-also each compared with megestrol and/or amino-
imide. Letrozole was significantly superior to glutethimide after tamoxifen failure in postmeno-
aminoglutethimide for time to progression. These pausal women with breast cancer, i.e. in second-
results suggest that oral letrozole 2.5 mg/day carline endocrine therapy1.162,168.182,183,186Hgrg,

Table I. Results of randomised phase IlI clinical studies of major aromatase inhibitors

Aromatase Eligibility Dosage Responders?/total  Response  Stable Time to
inhibitor rate? (%) disease (%) progression
(months)
Formestanel18°] First-line ER+/?  Formestane (intramuscular 57/173 33 31 7.1
250mg/2wk)
Tamoxifen (30 mg/day) 65/175 37 34 9.8
Fadrozolel'86] First-line Fadrozole (1mg bid) 21/103 20 54 5.2
Tamoxifen (20 mg/day) 29/106 27 49 5.4
Fadrozolel!47] Second-line Fadrozole (1mg bid) 43/345 12 24 5.3
ER+/?
Megestrol (40mg qid) 40/284 14 28 5.8
Vorozolel161] Second-line Vorozole (2.5 mg/day) 21/190 1 - 2.7
Megestrol (40mg qid) 15/185 8 - 3.6
Vorozolel'62] Second-line Vorozole (2.5 mg/day) 64/277 23 24 6.7
Aminoglutethimide (250mg bid)  50/279 18 19 6.0
Anastrozolel6®] Second-line Anastrozole (1 mg/day) 26/263 10 25 5.3
Anastrozole (10 mg/day) 22/248 9 23 5.3
Megestrol (40mg qid) 20/253 8 26 5.3
Letrozolel182183]  second-line Letrozole (0.5 mg/day) 24/188 13 13 5.1
ER+/?
Letrozole (2.5 mg/day) 41/174 27 10 5.6
Megestrol (40mg qid) 31/189 16 15 5.5

a Includes complete remission and partial remission.

bid = twice daily; ER+ = estrogen receptor—positive; qid = 4 times daily; — = indicates data not available; ? = unknown estrogen receptor
status.
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most of the new aromatase inhibitors showed asive finding from a long-term study that tamoxifen
similar antitumour activity to megestrol or amino- is an effective chemopreventive agent of breast
glutethimide in these heavily pretreated patients,cancer in high-risk womef?92.193]

although letrozole proved to be more effective

than aminoglutethimide. In addition, whereas letro- 6. Conclusion

zole showed a dose-response relationship for effi-

cacy, e effccy ofanasrocoe was aese inde- 112 00 0 578 1ors o e i,
pendent but it may improve survival. The adverse ' 9 . : v

. : . .~ breast cancer has been established in large compar-
effects were different, with more bodyweight in- . . . L2

: : . ative clinical trials (table 1). They are significantly
crease and fluid retention with megestrol, and nau-

o : superior to the progestins in terms of duration of
sea, vomiting and hot flashes with the aromatase P brog

S . overall clinical benefits, survival and tolerability.
inhibitors. Overall, the new aromatase inhibitors y

better tolerated with reduced toxicity than th Thus, patients benefit from improved quality of
were better tolerated with reduced toxiclly Inan the ;¢ - The aromatase inhibitors that are clinically
standard second-line therapy with aminoglut-

o 9= " available in the treatment of postmenopausal
ethimide or megestrol. However, further studies in

; , o ) women with breast cancer include formestane,
well characterised patients may distinguish the pastroz0le and letrozole. As drug resistance re-
benefits of these agents.

S _ mains a major problem in cancer therapy, the vari-
The new aromatase inhibitors are very potentingy of ell-tolerated aromatase inhibitors with dif-
blocking estrogen synthesis (for example, letrozolegerent chemical structures offers the possibility that
is approximately 10 000 times as potent as aminO-eyeral useful drugs now available to clinicians
glutethimidein vivo), have high selectivity and are \yjj| jmprove the management of patients with
well tolerated by patients. They are now likely t0 preast cancer.
be the drugs of choice for second-line treatment for
advanced breast cancer. Further clinical studies Acknowledgements
will determine their efficacy in first-line treatment
in terms of long-term benefits and survival. The authors’ research was supported by NIH grants CA-

. . L . 27440 and HD-13909.
The potential utility of aromatase inhibitors in
other settings is emerging and encouraging. Stud-
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