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Preface

Estrogens are key regulators of the normal development and growth of many tis-
sues within the body, most notably the female reproductive system and secondary
sexual organs. Given this central role, it is not surprising that excessive exposure
to or inappropriate stimulation by estrogens may result in aberrant development
and growth. In many instances, corrective procedures that reduce the production
of estrogen may produce therapeutic benefits. Among such strategies is the use
of drugs that inhibit the production of estrogen. In this respect, it is important to
note that estrogens lie at the end of a biosynthetic sequence and that the blockade
of any step in the pathway potentially inhibits estrogen production. However, the
most specific method of blocking biosynthesis is to inhibit the final step in the
sequence�the conversion of androgens to estrogens by the aromatase enzyme.
Drugs that have the potential to inhibit aromatase have been available for some 30
years. In that time, the inhibitors have been used clinically to treat estrogen-de-
pendent disease, most notably breast cancer, without making a major impact. Thus,
even patients with breast cancer, which was suspected to be endocrine-sensitive,
were unlikely to be given aromatase inhibitors as first-line hormone therapy, and
then only after antiestrogens and progestins.

Given this background, a meeting entitled �Aromatase Inhibitors into the Mil-
lennium� would not have been imagined until a few years ago. What makes the
concept highly attractive now is the development of new, third-generation drugs
that can inhibit the aromatase enzyme with extraordinary potency and specificity.
The testimony to this is that milligram doses of the inhibitors given orally and
daily to postmenopausal women are capable of reducing circulating estrogens to
undetectable levels without having apparent effects on any other class of steroid
hormones.
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The objectives of this volume are to (1) provide evidence of the endocrine
effects of these novel aromatase inhibitors; (2) demonstrate how these effects
translate into clinical benefits, using breast cancers as a primary example; (3)
explore the other clinical indications for which aromatase inhibitors may be use-
fully employed; and (4) highlight recent research directed toward development of
reagents, technologies, and models by which to optimize the use of aromatase
inhibitors.

The scene is set by Mitch Dowsett and Harold Harvey, respectively, who re-
view the drug development of aromatase inhibitors and the current management
of advanced breast cancers (to date the major clinical setting in which inhibitors
have been used). Steve Johnston and Ian Smith then go on to identify the place of
aromatase inhibitors within the context of endocrine treatment of advanced breast
cancers. They present evidence that new inhibitors such as letrozole, anastrozole,
and exemestane all have proven efficacy when used as second-line therapy (after
antiestrogens) and, indeed, in certain studies may produce benefits in terms of
antitumor effects and less toxicity beyond older aromatase inhibitors or progestins.
As a consequence, randomized trials are underway comparing the drugs with
antiestrogens as first-line therapy and the question that is now seriously being
asked is: �Can aromatase inhibitors replace antiestrogens as first-choice endo-
crine therapy?� Further and more direct evidence of powerful antitumor effects
and clinical response can be elicited from studies in which aromatase inhibitors
are given neoadjuvantly and the volume of the cancer within the breast is moni-
tored. Mike Dixon presents the experience of the Edinburgh Breast Group.

These highly promising results have led to the use of aromatase inhibitors in
earlier stages of the disease as an adjuvant to surgery. Henning Mouridsen re-
views the major adjuvant trials that have been established to determine if the drugs
may be used to treat micrometastatic disease and delay recurrence. However, it is
clear that even in selected populations of patients, not all women will derive ben-
efits from adjuvant treatment and there is a pressing need to identify accurately
tumors that will respond to treatment. Manfred Wischnewsky explains how ma-
chine learning techniques may be used to address this issue. In terms of predict-
ing and monitoring response, the ability to measure aromatase activity and ex-
pression may be important. Because levels of aromatase are low in peripheral
tissues in postmenopausal women (in whom aromatase inhibitors are largely used),
there is an immediate need to develop new reagents, technologies, and appropri-
ate model systems. Hironobu Sasano and Urs Eppenberger provide state-of-the-
art accounts of immunohistological assessments of aromatase protein and RT-
PCR measurements at the level of mRNA.

While these reagents and technologies will be applied to relevant clinical ma-
terial, there are limitations to patient-based studies, and these must be supple-
mented by experiments in appropriate model systems. The contributions by Bill
Miller and Angela Brodie illustrate how model systems based on human material
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may be used to optimize the use of aromatase inhibitors in terms of differences
between individual inhibitors and their combination with other forms of endo-
crine manipulations.

The adjuvant long-term use by breast cancer patients who are ostensibly dis-
ease-free will provide detailed information on the toxicity profiles of the new
aromatase inhibitors and their long-term acceptability. This knowledge will be
invaluable if the drugs are to be used in a preventative setting. Paul Goss is confi-
dent that aromatase inhibitors will be used to prevent breast cancer. If this occurs
as a consequence of delaying the clinical appearance of occult disease, the
antipromotional effects of aromatase inhibitors may be no greater than those of
other forms of endocrine deprivation�for example, antiestrogens. On the other
hand, if the estrogen molecules are carcinogenic initiators, the ability of aromatase
inhibitors to reduce estrogen to exceptionally low levels (whereas antiestrogens
such as tamoxifen do not) may provide a degree of protection beyond other hor-
monal agents.

The powerful endocrine properties of the new generation of aromatase inhibi-
tors contraindicate widespread use in women without disease at this stage, and it
is likely that they will be restricted to high-risk groups who will require careful
monitoring to determine if effects at nontarget sites are associated with toxicity.
Thus there is a need to appreciate health�economic issues in terms not only of
the cost of side effects to the patient but also of financial constraints. This topic
is reviewed by Suzanne Wait. Such considerations are particularly relevant if
aromatase inhibitors are to be administered on a broader basis, for diseases in
which the drugs are not classically indicated. The case for using aromatase inhibi-
tors as therapy for pubertal gynecomastia is presented by Paul Kaplowitz, for
prostate cancer by Matthew Smith, and for treatment of benign and malignant en-
dometrial conditions by Serdar Bulun. The effective and optimal control of these
and other hormone-dependent diseases still depends on the answers to basic ques-
tions, such as which inhibitor to use, at what dose, for how long, in what sequence,
and for which patients? The next decade in the new millennium should provide
many of the answers. The turn of the century is truly an exciting time for endocri-
nologists and oncologists interested in the enzyme called �aromatase.�

William R. Miller
Richard J. Santen
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1
Aromatase Inhibition: The Outcome of
20 Years of Drug Development

Mitch Dowsett
The Royal Marsden Hospital
London, England

I.    ABSTRACT
The goal of developing highly effective, well-tolerated, orally active aromatase
inhibitors was set about 20 years ago after the recognition that inhibition of
aromatase was the principal mode of action of the breast cancer drug
aminoglutethimide (AG). This goal has been realized over the last few years with
the widespread availability of letrozole, anastrozole, and very recently exemestane.
Clinical trials have confirmed the greater efficacy of these agents than the progestin
megestrol acetate. Importantly, for the assessment of the gains made by these
new drugs, letrozole has been found to provide survival advantages over AG. The
eventual impact of these agents will be established by ongoing trials of their use
in the adjuvant context and of pilot studies of their potential as prophylactic agents.

II.     INTRODUCTION
Over the past 20 years the clinical development of aromatase inhibitors has led to
the derivation of several highly specific, well-tolerated compounds which have

3
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FIGURE 1 Time line of some of the major steps in the clinical advancement of
aromatase inhibitors.

shown greater clinical efficacy than established agents. Large clinical trials are on-
going to establish the full role of these inhibitors in all stages of breast cancer
therapy. The aim of this chapter is to highlight the main stages in their develop-
ment over the past 20 years and to focus particularly on the central role which
endocrine pharmacology has played in directing this development. The current
positioning of new aromatase inhibitors is summarized and the impact of possible
future results discussed. Particularly significant developments over the last 20
years are summarized in Figure 1.

III.    AMINOGLUTETHIMIDE, THE PROTOTYPE
           AROMATASE INHIBITOR
Aminoglutethimide (AG) first entered preliminary trials in advanced breast can-
cer as a result of the observation that it inhibited adrenal steroidogenesis dur-
ing its earlier investigation as an antiepileptic (1). The basis of the use of AG in this
context was that adrenal androgens form the principal substrate for the synthe-
sis of plasma estrogens by the enzyme aromatase in the peripheral tissues of post-
menopausal women: Removal of these androgens would therefore be expected
to elicit the attenuation of the estrogenic stimulus to the breast carcinoma by a
process termed �medical adrenalectomy� (2). AG treatment was supplemented
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by replacement dosages of glucocorticoid to avoid potential problems of adrenal
insufficiency.

It was soon established that AG plus glucocorticoid was a clinically effective
treatment but with significant tolerability problems (3). During the early 1970s
Siterii and colleagues (4) established that AG was an inhibitor of the aromatase
enzyme, and a classic paper by Santen and colleagues (5) demonstrated that AG
was an efficient suppressant of aromatase activity in postmenopausal breast can-
cer patients. This led to the development of a concept of a dual mode of action for
AG; that is, suppression of adrenal androgens synthesis and inhibition of the con-
version of any residual androgen to estrogen.

The pharmacology of AG and assessment of the role of its various activities in
its clinical effectiveness is, however, complicated by the application of glucocor-
ticoid. In a series of studies in which hydrocortisone or AG was given alone or in
combination, it became clear that the effects of AG on adrenal steroidogenesis in
fact result in a substantial increase in adrenal androgen secretion (rather than the
decrease anticipated) (6�9). This results from its inhibition of the 21-hydroxy-
lase enzyme, an effect which is only neutralized by the addition of hydrocorti-
sone. Stuart-Harris et al. (9) therefore investigated the clinical efficacy of AG
when used alone at a dose below that conventionally used. The clinical efficacy of
this treatment with AG 125 mg twice a day established that the primary mode of
action of AG was through aromatase inhibition.

Although this early work was important in establishing that aromatase inhibi-
tion was a viable method of treating postmenopausal patients with advanced breast
cancer, it was clear that AG was far from an ideal agent. Endocrine studies indi-
cated that it was only partially effective in suppressing plasma estrogen levels,
and that its nonspecificity extended to the suppression of prostaglandin synthesis
(10) and thyroxine synthesis (11) in addition to its adrenal effects which required
the traditional use of glucocorticoid. Most significantly it had several marked
side effects, including lethargy and somnolence extending to ataxia as well as
nausea and vomiting (1). Thus, the scene was set for an explosion of pharmaceuti-
cal activity with the aim of deriving a specific, fully effective, well-tolerated
aromatase inhibitor. These developments are conveniently considered according
to the two main structural subdivisions; that is, steroidal and nonsteroidal com-
pounds.

IV.    STEROIDAL AROMATASE INHIBITORS
Two steroidal compounds have entered widespread clinical study: (1) 4-
hydroxyandrostenedione (4-OHA, formestane) and (2) exemestane. Both of these
compounds are analogues of the natural substrate androstenedione and act as com-
petitive binders at the substrate binding site of the enzyme. However, in addition,
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both are converted by the aromatase enzyme to reactive intermediates which bind
irreversibly to the enzyme and thereby permanently inactivating it.

A.    4-Hydroxyandrostenedione
4-OHA was one of about 200 compounds which were screened by Drs. Harry and
Angela Brodie in the 1970s (12). A series of preclinical studies demonstrated its
pharmacological effectiveness and clinical studies were initiated in the early 1980s.
It was both expected and confirmed that the oral administration of 4-OHA had poor
biological activity as measured by both estrogen suppression and inhibition of aro-
matization in vivo (13, 14). This resulted from the glucuronidation of the critical 4-
hydroxy modification through first-pass liver metabolism. Thus, further studies and
clinical use focused on the intramuscular administration of the drug.

A series of dose-finding studies demonstrated that 4-OHA could maintain es-
trogen suppression on a schedule of once every 2 weeks. It was found that with a
dose of 500 mg every 2 weeks there was no recovery of plasma estrogen levels
prior to the next injection, but a small recovery was found with 250 mg every 2
weeks (13,15). Nonetheless, the 250-mg dose was chosen for widespread clini-
cal use on the basis of a greater incidence of local tolerability problems with the
higher dose (16).

Several Phase II studies documented the clinical efficacy of formestane (sum-
marized in Ref. 16). In one Phase III study comparing 4-OHA to tamoxifen as
first-line treatment of advanced breast cancer no difference in response rate or
survival was recorded, but the median duration of response was significantly longer
for tamoxifen (17). Another Phase III study compared 4-OHA as second-line treat-
ment to megesterol acetate and no difference in response rate, time to progres-
sion, or survival was found (18). These data are somewhat disappointing, but it
may be significant that the pharmacological effectiveness of 4-OHA, as measured
by in vivo aromatase assays, is in fact less than that with AG at its full dose with
mean inhibition of only approximately 85% (19).

B.    Exemestane
Exemestane has the advantage of being orally active. As with other aromatase
inhibitors, pharmacological studies have been important to demonstrate the effi-
cacy of exemestane and to select an appropriate dose. However, the structure of
exemestane required the development of special chromatographic separation
methods for valid estrogen measurement, which was a complicating and delaying
factor in its development. Nonetheless, Johannessen et al. (20) were able to se-
lect a dose of 25 mg per day given orally as that giving maximum estrogen sup-
pression. More recently, it has been established that this results in an inhibition of
aromatase in vivo by 98% (comparable with some of the modern nonsteroidal



Aromatase Inhibition 7

FIGURE 2 In vivo inhibition of whole body aromatase activity with anastrozole,
letrozole, and exemestane at their clinically used dosages. Residual activity is
shown in individual patients as a percentage of baseline activity.

inhibitors: see below) (21) (Fig. 2). The first Phase III study of exemestane in
advanced breast cancer reported a survival advantage of this compound over
megesterol acetate in addition to a significantly enhanced median time to pro-
gression (22). This orally active steroidal agent has recently been licensed for
widespread use. It remains to be established whether its steroidal nature will be
associated with any special activity which might have advantages over the more
well-established nonsteroidal compounds.

V.    NONSTEROIDAL INHIBITORS
Nonsteroidal inhibitors of aromatase act by virtue of their association with the
haem prosthetic group of the aromatase enzyme (23). The specificity of this bind-
ing is determined by their fit into the substrate binding site of aromatase as op-
posed to that of the numerous other cytochrome P450 enzymes, which include
many that are involved in steroidogenesis.

A.   Fadrozole
Fadrozole is a highly potent compound in vitro, but it has a relatively short half-
life which leads to its poorer in vivo activity compared with the more slowly cleared
triazole inhibitors (24). Although the compound is effective clinically, the dose
used has been limited by the effects that fadrozole has on aldosterone
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synthesis (25,26). The clinically used dose of 1 mg twice a day leads to a mean
suppression of only about 85% of aromatase in vivo (24); that is, similar to 250
mg for 2 weeks of 4-OHA (14). At present, this compound is used widely only in
Japan.

B.   Triazole Inhibitors

Four triazole inhibitors have entered clinical studies for aromatase inhibition. Of
these, vorozole and YM511 are no longer in substantial clinical trials. In contrast,
anastrozole and letrozole are licensed for use in patients with advanced breast
cancer after tamoxifen, and they are currently in large trials for both their first-line
metastatic use and the possible use in the adjuvant scenario (see below). These
compounds have been shown to lead to near complete inhibition of aromatase in
vivo: Anastrozole at 1 mg/day inhibited aromatase by a mean 96.7% and letrozole
by 98.9% (27,28) (see Fig. 2). Direct randomized comparisons of the effectiveness of
these two agents both pharmacologically and clinically is currently underway. Both
compounds have shown an improved tolerability over megesterol acetate and im-
proved efficacy according to at least one clinical endpoint (29,30). Additionally,
letrozole has been found to have greater efficacy than AG in terms of time to pro-
gression (P = .008) and overall survival (P = .002; median 28 vs. 20 months) (31).
This last comparison emphasizes the improvement in efficacy that has occurred by
virtue of the development of the new nonsteroidal aromatase inhibitors and also
emphasizes the improvement in tolerability: Adverse events were 29% with letrozole
versus 46% with AG. A detailed comparison of the clinical positioning of these
compounds is provided in Chapters 3 and 4.

VI.   ONGOING TRIALS WITH AROMATASE INHIBITORS

A.    First-Line Treatment Versus Tamoxifen
A Phase III trial of tamoxifen versus 4-OHA indicated better efficacy overall for
tamoxifen (17). Two trials have also been conducted with fadrozole versus
tamoxifen. In both of these most endpoints were not significantly different, but in
one (32) there was a significantly greater time to treatment failure with tamoxifen.
In the other (33) response duration was longer with tamoxifen. The greater phar-
macological effectiveness of the triazole inhibitors and the improved efficacy of
letrozole in comparison with AG provide hope that they will be more effective
than 4-OHA and fadrozole and may be at least as effective as tamoxifen. What-
ever the result of these new trials, some lessons may be learned from examina-
tion of earlier results from studies of tamoxifen versus AG. Two things are clear:
Some patients who do not respond to the aromatase inhibitor do respond to ta-
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moxifen and vice versa; that is, there is not total cross resistance between these
two approaches to therapy (34,35). Thus, it would be helpful to have a biological
indicator which would predict the effectiveness of one of these agents rather than
another in a specific patient. The only biomarker which is currently considered a
candidate for this is intratumoral aromatase activity, and although some encour-
aging data have been reported (36,37), larger studies are required. Another ap-
proach that might be considered in choosing adjuvant therapy is the change in the
proliferation marker Ki67 after short-term exposure to the medical agent(s) prior
to surgery (38) (see Chap. 3).

These early studies with AG and tamoxifen also indicated that some patients
would respond to AG after responding to tamoxifen and to first-line tamoxifen
after first response to AG (34,35). However, one study (34) found that response
to tamoxifen after AG was very infrequent, suggesting that resistance mechanisms
to the aromatase inhibitor might preclude further endocrine responsiveness. This
is an important issue that should be addressed in ongoing clinical studies as pa-
tients relapse from first-line comparisons between the aromatase inhibitor and
tamoxifen as well as the adjuvant trials.

B.   Adjuvant Therapy
The clear efficacy of aromatase inhibitors and their excellent tolerability has led
to their comparative investigation with tamoxifen in a number of clinical trials in
the adjuvant setting. The structure of a number of these trials, which involve inter-
national participation, is illustrated in Figure 3. It can be seen that the different
design of the trials will enable questions of combination and sequencing with
tamoxifen to be addressed in addition to a head-to-head comparison between the
inhibitors and tamoxifen. Results from some of these may be expected from the
year 2001 onward. A better tolerability or improved efficacy of the aromatase
inhibitor compared with tamoxifen would lead to a very substantial increase in the
use of aromatase inhibitors, as it would be likely to result in tamoxifen being
replaced as the first-line agent of choice. This is a scenario which a few years ago
would have seemed very unlikely. Aromatase inhibitors might even be more ef-
fective than tamoxifen, since it is now widely accepted that the acquired resis-
tance that occurs in some breast cancer patients to tamoxifen is due to a sensitiza-
tion to the agonist activity of the drug, which is expressed through its binding to
the estrogen receptor (39). This mechanism cannot occur with aromatase inhibi-
tors, since they do not interact directly with the estrogen receptor (ER).

C.   Breast Cancer Prevention
The possible use of aromatase inhibitors in the prevention scenario is perhaps the
most exciting possibility currently under investigation with these drugs (see



FIGURE 3 Design of the ongoing international adjuvant trials of aromatase inhibi-
tors.

Chap. 9). There is a clear rationale for the use of these inhibitors, since there is a
strong relationship between plasma estrogen levels in postmenopausal women
and the eventual development of breast cancer (40). This is supported by the ob-
servation of an inverse relationship between bone mineral density and breast can-
cer risk (41). The eventual use of the inhibitors in this scenario, as opposed to one
of the selective estrogen-receptor modulators (e.g., tamoxifen, raloxifene), is
likely to depend in part on the effects of the inhibitors on bone mineral density,
cholesterol levels, and the associated cardiac effects.

VII.   OPTIMAL APPLICATION OF AROMATASE INHIBITORS
Although there is no doubt that the development of the new aromatase inhibitors
over the past 20 years has been of major benefit in deriving better-tolerated and
more effective compounds, it is not yet clear that their first-line application is
more beneficial in terms of prolonged cancer control than the initial application
of agents eliciting only partial suppression followed by one of the more potent
compounds later. Studies which provoke consideration of this issue include the
demonstration that patients will respond to the addition of an aromatase inhibitor

10 Dowsett



FIGURE 4 Growth response to estradiol of wild-type MCF7 cells and long-term
estrogen-deprived MCF7 cells (LTED) after 15�50 weeks without estrogen (hy-
persensitive phase) or 50�80 weeks without estrogen (refractory phase) 43.

to gonadotropin-releasing hormone (GnRH) agonist treatment such as goserelin
(premenopausal) after initial response to the GnRH agonist alone (42). Simi-
larly, responses to the combination of AG and 4-OHA has been reported after
initial treatment with 4-OHA alone (43). This indicates that breast cancer cells
may become apparently resistant to treatment with an estrogen-depriving agent
as a result of becoming hypersensitive to the stimulatory effects of residual es-
trogen. Laboratory studies by Santen�s group et al. (42) and by our laboratory
(45) (Fig. 4) recapitulate this effect of hypersensitivity with the long-term depri-
vation of human breast cancer cells in vitro. It remains to be established whether
improved breast cancer control is achieved by immediate complete estrogen dep-
rivation or by the stepwise approach using a partial estrogen deprivation initially.
Randomized clinical trials are about to be undertaken to answer this important
question.

VIII.   CONCLUSIONS
The last 20 years have resulted in the development of a new mode of treatment of
breast cancer with improved clinical efficacy having been demonstrated in the
largest randomized clinical studies ever conducted in advanced breast cancer. The
possible advantages of these new compounds over tamoxifen as a first-line agent
will be established in the next few years in the metastatic and adjuvant

Aromatase Inhibition 11
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setting. Only then will we know just how important these developments have been.

ACKNOWLEDGMENTS
A large number of collaborators have worked with me over the last 20 years contrib-
uting enormously to the results and thoughts discussed above. I specifically wish
to acknowledge the central importance of Dr. Ian Smith, Professor Trevor Powles,
Professor Charles Coombes, Professor Per Lønning, Dr. Stephen Johnston, and
Professor Adrian Harris for their long-term support and collaboration. Many of the
studies discussed above and the overall progress in the development of aromatase
inhibitors would not have occurred without the energies of Dr. Stuart Hughes, who
is sadly deceased.

REFERENCES
1. Hughes SWM, Burley DM. Aminoglutethimide. A �side-effect� turned to therapeu-

tic advantage. Postgrad Med J 1970; 46:409�416.
2. Griffiths CT, Hall TC, Saba Z, Barlow JJ, Nevinny HB. Preliminary trial of

aminoglutethimide in breast cancer. Cancer Res 1973; 32:31�37.
3. Stuart-Harris RC, Smith IE. Aminoglutethimide in the treatment of advanced breast

cancer. Cancer Treat Revs 1984; 11:189�204.
4. Thompson EA Jr, Siiteri PK. Utilization of oxygen and reduced nicotinamide adenine

dinucleotide phosphate by human placental microsomes during aromatization of an-
drostenedione. J Biol Chem 1974; 249:5364�5372.

5. Santen RJ, Santner S, Davis B, Veldhuis J, Samojlik E, Ruby E. Aminoglutethimide
inhibits extraglandular estrogen production in postmenopausal women with breast car-
cinoma. J Clin Endocr Metab 1978; 46:1066�1074.

6. Harris AL, Dowsett M, Smith IE, Jeffcoate SL. Endocrine effects of low dose
aminglutethimide alone in advanced postmenopausal breast cancer. Br J Cancer 1983;
47:621�627.

7. Harris AL, Dowsett M, Smith IE, Jeffcoate SL. Hydrocortisone alone versus hydro-
cortisone plus aminglutethimide: a comparison of the endocrine effects in postmeno-
pausal breast cancer. Eur J Cancer 1984; 20:463�467.

8. Samojlik E, Velohuis JD, Wells SA, Santen RJ. Preservation of androgen secretion
during estrogen suppression with aminoglutethimide in the treatment of metastatic breast
carcinoma. J Clin Invest 1980; 65:602�612.

9. Stuart-Harris R, Smith IE, Dowsett M, Bozek T, McKinna JA, Gazet J-C, Jeffcoate
SL, Kurkure A, Carr L. Low-dose aminoglutethimide in treatment of advanced breast
cancer. Lancet 1984; 2:604�607.

10. Harris AL, Mitchell MD, Smith IE, Powles TJ. Suppression of plasma 6-keto-prostag-
landin F1α and 13, 14-dihydro-15-keto-prostaglandin F2α by aminoglutethimide in
advanced breast cancer. J Cancer 1983; 48:595�598.

11. Santen RJ, Wells SA, Cohn N, Demers LM, Misbin RI, Foltz EL. Compensatory



Aromatase Inhibition 13

increase in TSH secretion without effect on prolactin secretion in patients treated with
aminoglutethimide. J Clin Endocr Metab 1977; 45:739�746.

12. Schwarzel WC, Kruggel W, Brodie HJ. Studies on the mechanisms of estrogen bio-
synthesis, VII. The development of inhibitors of the enzyme system in human placenta.
Endocrinology 1973; 92:866�880.

13. Dowsett M, Cunningham DC, Stein RC, Evans S, Dehennin L, Hedley A, Coombes
RC. Dose-related endocrine effects and pharmacokinetics of oral and intramuscular
4-hydroxyandrostenedione in postmenopausal breast cancer patients. Cancer Res 1989;
49:1306�1312.

14. MacNeill FA, Jacobs S, Dowsett M, Lonning PE. The effects of oral 4-
hydroxyandrostenedione on peripheral aromatisation in postmenopausal breast cancer
patients. Cancer Chemother Pharmacol 1995; 36:249�254.

15. Dowsett M, Goss PE, Powles TJ, Hutchinson G, Brodie AMH, Jeffcoate SL, Coombes
RC. Use of the aromatase inhibitors 4-hydroxyandrostenedione in post-menopausal
breast cancer: optimization of therapeutic dose and route. Cancer Res 1987; 47:1957�
1961.

16. Coombes RC, Hughes SWM, Dowsett M. 4-Hydroxyandrostenedione: a new treat-
ment for postmenopausal patients with breast cancer. Eur J Cancer 1992; 28A:1941�
1945.

17. Carrión RP, Candel VA, Calabresi F, Michel RT, Santos R, Delozier T, Goss P, Mauriac
L, Feuilhade F, Freue M, Pannuti F, van Belle S, Martinez J, Wehrle E, Royce CM.
Comparison of the selective aromatase inhibitor formestane with tamoxifen as first-
line hormonal therapy in postmenopausal women with advanced breast cancer. Ann
Oncol 1994; 5:S19�S24.

18. Rose C, Freue M, Kjaer M, Boni C, Janicke F, Coombes C, Willemse PHB, van Belle
S, Çarrion RP, Jolivet J, de Palacios PI. An open, comparative randomized trial com-
paring formestane vs oral megestrol acetate as a second-line therapy in postmeno-
pausal advanced breast cancer patients. Eur J Cancer 1996; 32A:49.

19. Jones AL, MacNeill F, Jacobs S, Lønning PE, Dowsett M, Powles TJ. The influence
of intramuscular 4-hydroxyandrostenedione on peripheral aromatisation in breast can-
cer patients. Eur J Cancer 1992; 28:1712�1716.

20. Johannessen DC, Engan T, di Salle E, Persiani S, Paonini J, Ornati G, Piscitelli G,
Lønning PE. Endocrine and clinical effects of exemestane (FCE 24304) novel steroi-
dal aromatase inhibitor in postmenopausal breast cancer patients: phase I study. Clin
Cancer Res 1997; 3:1100�1108.

21. Geisler J, King N, Anker G, Omati G, Di Salle E, Lønning P, Dowsett M. In vivo
inhibition of aromatization by exemestane, a novel irreversible aromatase inhibitor, in
postmenopausal breast cancer patients. Clin Cancer Res 1998; 4:2089�2093.

22. Kaufmann M, Bajetta E, Dirix LY, et al. Survival advantage of exemestane (EXE,
Aromasin) over megestrol acetate (MA) in postmenopausal women with advanced
breast cancer (ABC) refractory to tamoxifen (TAM): results of a phase III randomised
double-blind study. Proc Am Soc Clin Oncol 1999; 18:109a.

23. Kao Y-C, Cam LL, Laughton CA, Zhou D, Chen S. Binding characteristics of seven
inhibitors of human aromatase: a site directed mutagenesis study. Cancer Res 1996;
56:3451�3461.

24. Lønning PE, Jacobs S, Jones A, Haynes B, Powles TJ, Dowsett M. The influence



14 Dowsett

of  CGS 16949A on peripheral aromatisation in breast cancer patients. Br J Cancer
1991; 63:789�793.

25. Dowsett M, Stein RC, Mehta A, Coombes RC. Potency and selectivity of the non-
steroidal aromatase inhibitor CGS 16949A in postmenopausal breast cancer patients.
Clin Endocrinol 1990; 32:623�634.

26. Santen RJ, Demers LM, Adlercreutz H, Harvey H, Santner S, Sanders S, Lipton A.
Inhibition of aromatase with CGS16949A in postmenopausal women. J Clin Endocr
Metab 1989; 68:99�106.

27. Geisler J, King N, Dowsett M, Ouestad L, Lundgren S, Walton P, Kormeset PO,
Lønning PE. Influence of Anastrozole (Arimidex®) a non-steroidal aromatase inhibi-
tor, on in vivo aromatisation and plasma estrogen levels in postmenopausal women
with breast cancer. Br J Cancer 1996; 74:1286�1291.

28. Dowsett M, Jones A, Johnston, Jacobs S, Trunet P, Smith IE. In vivo measurement of
aromatase inhibition by letrozole (CGS 20267) in postmenopausal patients with breast
cancer. Clin Cancer Res 1995; 1:1511�1515.

29. Dombernowsky P, Smith I, Falkson G, Leonard R, Panasci L, Bellmunt J, Bezwoda W,
Gardin G, Gudgeon A, Morgan M, Fornasiero A, Hoffman W, Michel J, Hatschek T,
Tjabbes T, Chaudri HA, Hornberger U, Trunet PF for the Letrozole International Trial
Group. Letrozole (Femara®), a new oral aromatase inhibitor for advanced breast can-
cer: double-blind randomized trial showing a dose effect and improved efficacy and
tolerability compared with megestrol acetate. J Clin Oncol 1998; 6:453�461.

30. Buzdar A, Jonat W, Howell A, Jones SE, Blomqvist C, Vogel CL, Eiermann W, Wolter
JM, Azab M, Webster A, Plourde PV. Anastrozole, a potent and selective aromatase
inhibitor, versus megestrol acetate in postmenopausal women with advanced breast
cancer: Results of overview analysis of two phase III trials. J Clin Oncol 1996; 14:2000�
2011.

31. Gershanovich M, Chaudri HA, Campos D, et al. Letrozole, a new oral aromatase
inhibitor: randomized trial comparing 2.5 mg daily, 0.5 mg daily and aminoglutethimide
in postmenopausal women with advanced breast cancer. Ann Oncol 1998; 9:639�645.

32. Thürlimann B, Beretta K, Bacchi M, Castiglione-Gertsch M, Goldhirsch A, Jungi WF,
Cavalli F, Senn HJ, Fey M, Lohnert T. First-line fadrozole HCl (CGS 16949A) versus
tamoxifen in postmenopausal women with advanced breast cancer. Ann Oncol 1996;
7:471�479.

33. Falkson CI, Falkson HC. A randomised study of CGS 16949A (fadrozole) versus
tamoxifen in previously untreated postmenopausal patients with metastatic breast can-
cer. Ann Oncol 1996; 7:465�469.

34. Smith IE, Harris AL, Morgan M, Gazet J-C, McKinna JA. Tamoxifen versus
aminoglutethimide versus combined tamoxifen and aminoglutethimide in the treatment
of advanced breast carcinoma. Cancer Res 1982; 42:3430s�3433s.

35. Harvey HA, Lipton A, White DS, et al. Cross-over comparison of tamoxifen and
aminoglutethimide in advanced breast cancer. Cancer Res 1982; 44:3451s�3453s.

36. Shenton KC, Dowsett M, Lu Q, Brodie A, Sasano H, Sacks NPM, Rowlands MG.
Comparison of biochemical aromatase activity with aromatase immunohistochemistry
in human breast carcinomas. Breast Cancer Res Treat 1998; 49:S101�S107.



Aromatase Inhibition 15

37. Miller WR, O�Neill J. The importance of local synthesis of estrogen within the breast.
Steroids 1987; 50:537�548.

38. Makris A, Powles TJ, Allred DC, Ashley SE, Ormerod MG, Titley JC, Dowsett M.
Changes in hormone receptors and proliferation markers in tamoxifen treated breast
cancer patients and the relationship with response. Br Cancer Res Treat 1998; 48:
11�20.

39. De Friend DJ, Anderson E, Bell J, Wilks DP, West CML, Howell A. Effects of 4-
hydroxtamoxifen and a novel pure antiestrogen (ICI 182780) on the clonogenic
growth of human breast cancer cells in vitro. Br J Cancer 1994; 70:204�211.

40. Thomas HV, Key T, Allen D, Moore JW, Dowsett M, Fentiman IS, Wang DY. A
prospective study of endogenous serum hormone concentrations and breast cancer
risk in postmenopausal women on the island of Guernsey. Br J Cancer 1997; 76:401�
405.

41. Cauley JA, Lucas FL, Kuller LH, Vogt MT, Browner WS, Cummings SR. Bone
mineral density and risk of breast cancer in older women: the study of osteoporotic
fractures. JAMA 1996; 276:1404�1408.

42. Stein RC, Dowsett M, Hedley A, Coombes RC. The clinical and endocrine effects
of 4-hydroxyandrostenedione alone and in combination with goscrelin in premeno-
pausal women with advanced breast cancer. Br J Cancer 1990; 62:679�683.

43. Lønning PE, Dowsett M, Jones A, Ekse D, Jacobs S, MacNeill F, Johannessen
DC, Powles TJ. Influence of aminoglutethimide on plasma oestrogen levels in breast
cancer patients on 4-hydroxyandrostenedione treatment. Br Cancer Res Treat 1992;
23:57�62.

44. Masamura S, Santner SJ, Heitjan DF, Santen RJ. Estrogen deprivation causes es-
tradiol hypersensitivity in human breast cancer cells. J Clin Endocr Metab 1995;
80:2918�2925.

45. Chan CMW, Dowsett M. Expression of RIP140, SUG-1, TIF-1 and SMRT in
estrogen-hypersensitive MCF-7 cells. Proc Am Assoc Cancer Res 1999; 40:159.



This page intentionally left blank



Part II
ADVANCED BREAST CANCER

M. Dowsett, Chair
P. Goss, Chair



This page intentionally left blank



2
Role of Hormonal Therapy and
Chemotherapy in Advanced Breast Cancer:
An Overview

Harold A. Harvey and Kush Sachdeva
Penn State College of Medicine
Hershey, Pennsylvania

I.    ABSTRACT
We have made recent significant advances in the management of early-stage breast
cancer. However, advanced breast cancer is becoming an increasingly prevalent
and challenging clinical problem. Nevertheless, with the introduction of new hor-
monal agents, including antiestrogens and selective aromatase inhibitors, and the
availability of very active cytotoxic drugs, especially taxanes, a greater percent-
age of patients with advanced breast cancer are now experiencing a prolongation
of survival. Several experimental chemotherapy and biological agents show great
promise in the treatment of advanced breast cancer. The challenge in the next few
years will be to integrate these new treatments into optimal management strate-
gies. This chapter reviews the current status and potential expanded role of sys-
temic hormonal therapy and chemotherapy in advanced breast cancer. It is impor-
tant to stress the value of appropriate patient selection guided by individual pa-
tient preference, defined clinical criteria, and the use of new biochemical predic-
tive factors. It is reasonable to anticipate higher complete response rates in ad-
vanced breast cancer and hence the possibility of curing a greater percentage of
these patients.
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II.    INTRODUCTION
Breast cancer worldwide is the most common malignancy afflicting women and is
the second most common cause of death from cancer. Despite an increasing inci-
dence of the disease, cause-specific mortality has declined in the last decade in the
United States and Europe (1). This encouraging trend is no doubt due to the more
widespread and appropriate use of mammographic screening programs in devel-
oped countries. Perhaps this trend is also enhanced by the early use of effective
systemic adjuvant therapies at the time of initial diagnosis. If the early promise of
chemoprevention studies and the ability to screen for the genetic predisposition to
develop breast cancer are fulfilled, then it is reasonable to anticipate even more
significant decreases in breast cancer mortality. Despite the progress made in early
disease, considerable challenges remain with respect to the management of ad-
vanced breast cancer. Approximately 20�40% of patients with breast cancer treated
initially with curative intent will ultimately develop metastatic disease. Even in de-
veloped countries, too many patients still present for the first time with locally
advanced disease (T3, T4). This clinical situation often reflects a knowledge deficit
on the part of the patient or poor access to health care. On occasion, this type of
clinical presentation is the result of aggressive and unfavorable tumor biology.

Physicians and patients traditionally regard advanced breast cancer as a uni-
formly fatal disease process. However, recent published experience from some
large institutions and groups indicate an increasing survival rate in patients with
advanced breast cancer when treated with systemic therapy. For example, at the
MD Anderson Hospital and Tumor Institute, the 5-year survival rates for patients
with advanced breast cancer have increased from approximately 5% in the 1950s
to 10% in the 1960s and almost 20% in the 1970s (2). The EORTC has reported a
20% 5-year survival in patients who achieved a complete response after chemo-
therapy (3). The purpose of this chapter is to review the role of hormonal therapy
and chemotherapy in the management of advanced breast cancer, to indicate areas
of recent progress, and to suggest challenges that need to be solved in the new
millennium.

III.    HORMONAL THERAPY IN ADVANCED
BREAST CANCER

Hormone-dependent breast cancers are estrogen receptor (ER) or progesterone re-
ceptor (PgR) positive. Other characteristics that distinguish hormone-dependent
breast cancer from the hormone-independent phenotype include a more indolent
tumor growth, metastases to favorable sites, and responsiveness to sequential en-
docrine therapies. In addition, hormone-dependent breast cancer is more prevalent
among older patients. Recognition of the clinical and biological features of
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this subtype of breast cancer enables clinicians better to select patients who are
most likely to benefit from endocrine therapy.

Recent advances in the endocrine therapy of breast cancer have been possible
as a result of a better understanding of the biology of the ER and how various
antiestrogenic compounds can modulate its expression and function. The thera-
peutic options in the hormonal management of advanced breast cancer depend on
the age of the patient and response to prior therapy. Premenopausal women are
best treated with ovarian ablation, luteinizing hormone-releasing hormone (LHRH)
analogues, or antiestrogens. In postmenopausal women with advanced breast can-
cer, antiestrogens are the first line of therapy.

Pure antiestrogens are steroidal agents that are analogues of estradiol. They
actively bind to the ER but dimerization with the receptor is incomplete and the
formation of a functional transcriptional complex is disrupted. These compounds
act as �pure antiestrogens� and are devoid of estrogenic activity in all tissues.

Among antiestrogenic drugs, tamoxifen has been most studied, but the newer
antiestrogen toremifene appears to produce equivalent response rates and dura-
tion of clinical benefit (4). Most studies report complete cross resistance be-
tween tamoxifen and toremifene. Toxicity of the two agents is similar, and it re-
mains to be proven whether toremifene will in fact be associated with less prolif-
erative effects on endometrial tissue. Faslodex (ICI 182,780) is a parenterally
administered pure antiestrogen that seems to be capable of overcoming tamoxifen
resistance. Faslodex is currently under study in advanced breast cancer where it is
being compared to tamoxifen or aromatase inhibitors (5). Orally administered
SCH 57050 is another pure antiestrogen that is also under study.

LHRH analogues are potent agonists which produce a clinical benefit similar
to oophorectomy when chronically administered to premenopausal women in the
treatment of advanced breast cancer (6). The addition of tamoxifen to LHRH ana-
logues, such as zoladex, may improve the response rate somewhat. New agents
that are direct antagonists of LHRH are now being proposed for clinical trial. In
postmenopausal women in whom antiestrogen therapy is no longer effective,
progestational agents were the most commonly used second-line hormonal therapy.
A more modern approach is the use of drugs designed to inhibit aromatase en-
zyme function, which is the major source of estrogen production in postmeno-
pausal women. Letrozole and anastrazole are examples of highly potent. well-
tolerated, orally administered nonsteroidal competitive inhibitors (type II) of
aromatase. Formestane and exemestane are analogues of the androgenic substrate
androstenedione and cause mechanism-based (type I) irreversible inhibition of
the aromatase enzyme. The results of clinical trials which establish the value and
positioning of the new aromatase inhibitors in the management of advanced breast
cancer in postmenopausal women will be presented later in this book (Chap. 4). In
general, and in the absence of direct head-to-head comparisons, the newer
antiestrogens and aromatase inhibitors appear to have roughly equivalent
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efficacy and are well tolerated. Responses to these agents are quite durable, and
patients who achieve disease stabilization have a survival that is similar to objec-
tive responders.

With the exception of the combination of LHRH analogues and tamoxifen,
hormonal therapies are best used in sequence rather than in combination, since
few studies show an improved clinical benefit with the latter approach. Patients
with metastatic breast cancer who are best suited for hormonal therapy are those
with both ER- and PgR-positive tumors, a long disease-free interval, an indolent
disease course, and nonvisceral dominant metastases with prior response to an
endocrine treatment. Hormonal therapy is generally preferred over chemotherapy
in elderly patients and in individuals with significant comorbidities or organ dys-
function such as significant bone marrow, renal, or hepatic impairment. A major
challenge for the future will be to understand the mechanisms of hormone resis-
tance in breast cancer and thereby circumvent the problem.

IV. CHEMOTHERAPY IN ADVANCED BREAST CANCER
Compared to many other solid tumors, breast cancer is relatively sensitive to che-
motherapy. Several drugs demonstrate clinically useful single-agent activity
in advanced breast cancer. Until recently, most clinicians preferred to use combi-
nation regimens such as cyclophosphamide, methotrexate, 5-fluorouracil (CMF),
cycophosphamide, adriamycin, 5-fluorouracil (CAF); or adriamycin, 5-fluorou-
racil (AF). Although responding patients clearly benefit from therapy, improve-
ments in overall survival are generally modest. A recent meta-analysis of several
reported randomized trials of chemotherapy and hormonal therapy in 31,510
women with advanced breast cancer suggested that multiagent regimens were as-
sociated with higher response rates than were seen with monotherapy. Chemo-
therapeutic regimens containing an anthracycline were generally more active than
those that did not. In the meta-analysis, more intensive therapy tended to produce
higher response rates but at the same time led to greater toxicity. The meta-analy-
sis reported an improved survival rate with doxorubicin-containing regimens com-
pared to older drug combinations (7).

Several new chemotherapeutic drugs have become available for the treatment
of advanced breast cancer. Taxanes are a new class of agent with the greatest de-
gree of activity in breast cancer since anthracyclines were introduced. Several
studies show that the taxanes, paclitaxel and docitaxel, produce response rates
that range from 20 to 60% in patients with anthracycline-resistant disease when
used as single agents in advanced breast cancer. Taxanes are now being used as
first-line single-agent therapy in metastatic breast cancer and as integral compo-
nents of combination regimens with doxorubicin; doxorubicin and cyclophospha-
mide; and with herceptin (8).

Further issues related to the use and future development of taxanes as treat-
ment for advanced breast cancer include the need to determine optimal dosing
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TABLE 1 Strategies to Reduce
Chemotherapy Toxicity

Doxorubicin vs. epirubicin, liposomal doxorubicin,
     continuous infusion
Oral thymidylate synthase inhibitors
Weekly taxanes
Vinorelbine vs. taxane
Oxaliplatin vs. cisplatin

schedules. It is possible that weekly dosing of taxanes would increase dose den-
sity, whereas possibly reducing both hematological toxicity and neurotoxicity (9).
The therapeutic ratio of new taxanes could be further improved by the develop-
ment of orally active agents with reduced toxicity and improved efficacy based on
structural modifications, allowing the use of higher and prolonged intratumoral
drug levels. The mechanisms of taxane drug resistance are poorly understood, and
progress in this area will enhance the utility of these agents in breast cancer.

Several new drugs of different classes show promising activity in advanced
breast cancer (Table 1), but their role as single agents or their use in polychemo-
therapeutic regimens will need to be established by clinical trials.

4.    High-Dose Chemotherapy
One proposed strategy to overcome drug resistance and increase complete re-
sponse rates in advanced breast cancer is the use of high-dose chemotherapy. There
are several reported trials of dose-intense therapy with growth factor support or
autologous bone marrow or peripheral stem cell support. Unfortunately, the ben-
efit of such approaches remains controversial (10). Dose-intense therapy for ad-
vanced breast cancer is practical and has proved to be safer than when it was first
proposed, but it remains a relatively toxic and expensive undertaking. The lack of
a uniformly positive impact on survival indicates the need for more carefully con-
ducted clinical research. Perhaps current strategies are limited by an ability to
achieve truly effective, safe levels of dose intensification. Alternatively, it is pos-
sible that the currently adopted strategy is flawed, because it does not adequately
account for breast cancer kinetics and DNA damage repair mechanisms.

V.    PATIENT SELECTION
The treatment selection for an individual patient with advanced breast cancer is usu-
ally based on certain clinical criteria and practitioner experience. Factors that could
reliably predict response to a particular treatment or class of agents would there-
fore be of enormous benefit to both physicians and patients. The best analogy
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is the use of the ER and PgR to predict response to endocrine therapy. There is a
growing interest in the recognition and validation of other factors. Although
progress is being made, much controversy still exists. For example, the expres-
sion of the Her-2/neu receptor protein in breast cancer probably does define a
group of patients most likely to benefit from treatment with the monoclonal anti-
body trastuzumab (Herceptin). Some trials suggest that the expression of Her-2/
neu in breast cancer may predict for response to anthracycline-based chemotherapy.
Less certain are the claims that Her-2/neu expression predicts for reduced sensi-
tivity to CMF chemotherapy or tamoxifen (11). Other possible predictive factors
include p53 mutations in determining resistance to chemotherapy and hormonal
therapy, and low thymidylate synthase (TS) tumor levels as a marker for sensitiv-
ity to therapy with fluoropyrimidines. Further advances in this area of research
hold the promise of better therapy individualization for patients with advanced
breast cancer.

Since bone metastases and the resultant skeletal morbidity is such a promi-
nent feature of advanced breast cancer, tests that would predict the likelihood of
their occurrence or the response to adjunctive therapies, such as the
bisphosphanates, would be of enormous value. Future studies on the significance
of PTH-related peptide (PTHrP) expression in breast cancer, blood levels of bone
sialoprotein, or urinary levels of bone-specific collagen degradation products (e.g.,
N-teleopeptide levels) may provide useful predictive information.

Although biological characteristics are important in selecting appropriate
therapy for patients with advanced breast cancer, other considerations may be
equally important. Patient preferences and their perceptions of therapeutic goals
must always be borne in mind and reconciled with the views of the treating physi-
cian. Some patients with advanced breast cancer, although aware of their overall
prognosis, will accept aggressive therapeutic or experimental approaches for a
long time in the hopes of increased longevity and reduction in tumor burden. For
these patients, fairly small gains in response rates or duration of benefit are deemed
important even at the cost of some toxicity. For other patients, the emphasis will
be placed on achieving short-term goals such as surviving until an anniversary or
other important personal events. These patients see treatments that relieve symp-
toms, have low toxicity, and are conveniently administered as a high priority. A
recently published survey of 103 patients with advanced cancer indicated a pref-
erence for orally administered therapy over parenteral treatments provided there
was no significant compromise in efficacy (12). Thus, in selecting treatment for
patients with advanced breast cancer, the clinician must be sensitive to both bio-
logical and psychosocial issues.

A.    Bone Metastases
Skeletal morbidity from bone metastases is a common clinical problem in ad-
vanced breast cancer. Large randomized clinical trials indicate that the amino-
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bisphosphonate pamidronate delays the time to the development of skeletal com-
plications, reducing their rate (especially fractures), the need for radiation therapy,
bone pain, and hypercalcemia. These studies also demonstrate that pamidronate
can be given together with a variety of hormonal agents and chemotherapeutic
regimens (13,14). These results suggest that it would seem prudent to add
pamidronate to hormone treatments or chemotherapy once bone metastases are
identified in breast cancer patients, and that this supportive measure should be
continued for as long as the patient is at high risk of skeletal complications.

B.    Advanced Breast Cancer in the Elderly
Elderly patients with advanced breast cancer generally benefit from hormonal therapy.
They also tolerate standard doses of most cytotoxic chemotherapy regimens better
than is generally supposed. Because of the greater incidence of comorbid condi-
tions in the elderly, certain agents should be used with caution or not at all. For
example, renal function is often compromised in the elderly so that greater toxicity
might be anticipated with agents such as cisplatinum or methotrexate. Neurotoxic-
ity tends to be more disabling in the elderly, so taxanes and vinca alkaloids may be
less attractive in this population. Similarly, drugs such as anthracyclines or herceptin
might more easily compromise cardiac function.

Fortunately, there are now good alternatives to several of these agents. Table 2
lists some strategies that could be used to reduce the toxicity of chemotherapy
particularly in elderly patients. Frequently, elderly patients with advanced breast
cancer have strong preferences to avoid toxic therapies, and their goals and ex-
pectations from treatment might be very different from those of younger women.
Nevertheless, chronological age should not be the sole reason for withholding
certain therapies with the exception of autologous bone marrow transplant. Rather
biological or physiological function should help guide the choice of therapy in
this age group. The algorithm in Figure 1 is a suggestion for the

TABLE 2 Advanced Breast
Cancer: Promising New Agents

Antimetabolites
    capecitabine
    UFT; other TS inhibitors
    gemcitabine
Topo-1 isomerase inhibitors
    irinotecan, topotecan
Platinum analogues�oxaliplatin
Anthracyclines
    doxil, oral idarubicin



FIGURE 1 Algorithm for using chemotherapy in advanced breast cancer.
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approach to the selection of chemotherapy in patients with advanced breast can-
cer.

C.    Combined Therapy
The combined use of chemotherapy and hormonal therapy in treating advanced
breast cancer does not confer a survival advantage. Therefore, this approach should
probably be reserved for the rare circumstances of very bulky or life-threatening
disease or bone marrow involvement when it is deemed that urgent tumor reduc-
tion is in the patient�s best interest.

VI.    NEW THERAPIES
Progress in the general understanding of tumor biology will eventually lead to the
discovery of new potential therapeutic targets. Already some of these targets have
been defined and examples include growth factor receptors and ligands, ras and
other signal transduction pathways, angiogenesis and metalloproteinases, and cel-
lular antigens suitable for antibody targeting or vaccine therapy. Clinicians in the
first decades of the new millennium will be faced with the challenge of choosing
therapeutic strategies from among a large number of options. Therefore, we must
now develop practical approaches to keep abreast of these changes and integrate
them into existing treatment strategies for the optimal management of patients.

VII. CONCLUSIONS
Advanced breast cancer is a prevalent and often chronic disease process. Patients
with advanced breast cancer are living longer, with an improved quality of life,
using a range of treatments currently available, which include hormonal agents,
chemotherapeutic regimens, and adjunctive supportive measures. With the inte-
gration of new therapeutic approaches, based on rationally designed and carefully
conducted clinical trials, it is indeed likely that prolonged survival in advanced
breast cancer will become commonplace. And prolonged survival is but a short
step from cure!
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I.    ABSTRACT
The development of orally active, potent, and selective third-generation aromatase
inhibitors represents a major advance in the management of hormonesensitive
breast cancer. Randomized clinical trials have established their role as the treat-
ment of choice following tamoxifen failure, with significant gains in clinical effi-
cacy together with improved tolerability over the progestins. In advanced disease,
aromatase inhibitor trials are ongoing in the first-line setting against tamoxifen.
There are no data to favor combined use with other endocrine agents, although
there is much interest in the correct sequencing of aromatase inhibitors (i.e., the
possible merits of stepwise versus complete estrogen suppression and steroidal
versus nonsteroidal inhibitors).

In terms of which patients benefit most from these new drugs, the enhanced
efficacy of recent trials has shown that traditional clinical factors such as soft
tissue versus visceral sites of disease and prior response to tamoxifen may be
less discriminatory for second-line response to aromatase inhibitors than with
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previous agents. Expression of estrogen receptor (ER) remains the best determi-
nant of endocrine response, although not all ER-positive tumors are known to be
tamoxifen responsive and assessment of ER function/phenotype has been an area
of research. Recent studies have shown that ER and progesterone receptor (PgR)
expression is often maintained following tamoxifen failure, and that this may be
an accurate predictor of response to aromatase inhibitors. It is clear that better
patient selection will maximize the chance of response to new aromatase inhibi-
tors. Current research in the primary medical (neoadjuvant) setting has led to
analysis of early changes in biomarkers as predictors of subsequent response
both to tamoxifen and aromatase inhibitors. In particular, changes in cell prolif-
eration (Ki-67) can be easily measured in repeat fine-needle aspirates and may
prove to be highly predictive. Ongoing primary endocrine therapy trials with the
new aromatase inhibitors will determine whether biomarkers can accurately pre-
dict for response and thus allow us to optimize the use of this current generation
of endocrine agents.

II.    INTRODUCTION
A significant proportion of breast cancers are estrogen dependent and are there-
fore amenable to endocrine therapy. Since the original description of the thera-
peutic response to ovarian ablation over 100 years ago (1), several advances have
been made within the last decade in developing new and effective hormone treat-
ments and expanding their role from the management of advanced disease toward
adjuvant therapy. Although tamoxifen, a competitive nonsteroidal antiestrogen,
has been the mainstay of treatment for over 20 years, new agents have entered the
clinic which have potentially superior activity together with an improved safety
profile.

As described elsewhere in this book (Chap. 2), aromatase inhibition provides
complete estrogen deprivation in postmenopausal women and has recently be-
come established as the second-line endocrine treatment of choice following
tamoxifen failure. Aminoglutethimide was a first-generation nonsteroidal
aromatase inhibitor (2), and although plasma estrogens were suppressed, the drug
had several side effects, including lethargy, skin rash, and reduction in plasma
cortisol levels, which necessitated the concomitant use of hydrocortisone (3).
Second-generation inhibitors included the nonsteroidal compound fadrozole and
the steroidal agent formestane (Fig. 1), both of which were more potent than
aminoglutethimide (4,5). However, clinical trials with these agents failed to show
superiority over second-line progestin therapy (6,7), and further clinical devel-
opment was limited by specific problems, including lack of selectivity due to
inhibition of aldosterone production (fadrozole) or inconvenient intramuscular
route of administration (formestane).



FIGURE 1 Structures of nonsteroidal and steroidal aromatase inhibitors.

Recently, considerable clinical progress has been made with the development
of third-generation potent oral aromatase inhibitors, including the nonsteroidal in-
hibitors anastrozole and letrozole together with the steroidal inhibitor exemestane
(Fig. 1). These novel agents are two to three orders of magnitude more potent than
aminoglutethimide and are very effective in reducing serum estrogen levels in post-
menopausal women (8�10). In addition, they are highly selective for the aromatase
enzyme without affecting mineralocorticoid or glucocorticoid synthesis. The re-
cent Phase III trials in patients with metastatic breast cancer who failed tamoxifen
have compared these agents against previously used second-line therapies (i.e.,
progestins or aminoglutethimide). The recurring theme from all
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these trials has been not only superior clinical activity in terms of response rate,
time to progression, and overall survival but also the improved tolerability. As a
consequence these agents have the potential to make a major impact on the natu-
ral history of endocrine-sensitive breast cancer.

The purpose of this chapter is to define the current role for these novel potent
oral aromatase inhibitors in the endocrine therapy of breast cancer, particularly in
advanced disease. The potential role of aromatase inhibitors in earlier stages of
the disease, including primary (neoadjuvant), adjuvant, or chemopreventive therapy,
is discussed separately elsewhere in this book. The questions addressed will in-
clude when and how to use aromatase inhibitors most effectively, and more im-
portantly whether clinical or biological factors have the potential to predict which
patients will benefit most from this new generation of potent inhibitors.

III. ROLE IN ADVANCED BREAST CANCER FOLLOWING
TAMOXIFEN

In the metastatic setting, recent Phase III trials have been conducted in over 2000
postmenopausal women comparing each of the third-generation aromatase inhibi-
tors with megestrol acetate as second-line therapy following failure on tamoxifen
(11�14). As discussed in Chapter 4, there were differences between each of the
studies, which make indirect comparisons between the activity of each of the stud-
ies, which make indirect comparisons between the activity of each aromatase in-
hibitor difficult. In particular, major differences across the trials were seen in the
megestrol acetate control arm both for response rate and median survival, which
could be accounted for by differences in response criteria used or in the demo-
graphics of the patient populations studied (e.g., estrogen receptor [ER] status,
disease sites). In spite of this each of the randomized trials demonstrated clinical
superiority for the third-generation aromatase inhibitors over megestrol acetate.
For anastrozole 1 mg daily, this was manifested as a significant improvement in
overall survival (risk ratio 0.78, P < .025) (12), whereas for letrozole 2.5 mg
daily, there was a significant improvement in response rate, response duration,
and time to treatment failure (13). In the recently reported trial with exemestane,
time to disease progression, time to treatment failure, and overall survival were
all significantly better than megestrol acetate (14).

These improvements in clinical endpoints, together with the superior toler-
ability profile shown for each of the three drugs over megestrol acetate, have
defined the role for these new third-generation aromatase inhibitors as the stan-
dard endocrine treatment following tamoxifen failure. Particularly impressive from
some of these trials are the substantial improvements seen in response duration
for those who benefited. For example, in the letrozole study, the median response
duration was > 33 months compared with 18 months for megestrol ace-
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tate (13). However, not all patients derived such clinical benefit (less than 50% in
each of the three trials), and thus it remains important (as discussed below) to see
whether predictive factors can be used to tailor treatments for specifically iden-
tified breast cancer patient subgroups.

IV. WHEN AND HOW TO USE AROMATASE INHIBITORS
IN ADVANCED DISEASE

The current data have shown substantial improvements in clinical efficacy for the
novel aromatase inhibitors when given as second-line therapy. It is obvious, there-
fore, to ask whether these drugs should challenge tamoxifen as the first-line agent
of choice. Large randomized trials are in progress with anastrozole, letrozole,
and exemestane, although tamoxifen�s widespread use in the adjuvant setting has
made recruiting tamoxifen-naïve patients challenging. At this stage, preliminary
data are available only from the anastrozole trials (15), one of which shows no
difference in primary efficacy endpoints to tamoxifen, whereas the other has re-
ported a significant improvement in time to treatment failure in favor of
anastrozole. The great potential of these studies is to see if complete estrogen
blockade provides greater control of tumor growth than tamoxifen, thereby cir-
cumventing the problem of acquired tamoxifen resistance where a proportion of
ER-positive tumor regenerates following an initial response to tamoxifen (16).
Several groups, including our own, have established in experimental tumor mod-
els that estrogen deprivation provides longer lasting tumor control than tamoxifen
(17,18). However, to date randomized clinical trials of tamoxifen versus the early-
generation aromatase inhibitors such as aminoglutethimide (19�21), fadrozole
(22,23), and formestane (24) have all failed to show improved time to treatment
failure/disease progression or prolonged response duration. Thus, it remains to
be seen whether the greater potency of new-generation inhibitors will translate
into substantial gains in clinical efficacy over tamoxifen as first-line therapy for
advanced disease.

An alternative strategy in the past has been to see if endocrine therapy for
advanced disease could be improved when aromatase inhibitors were combined
with tamoxifen. There are five randomized trials (with a total of 445 patients)
which have evaluated tamoxifen alone or in combination with aminoglutethimide
(25�29). There was no indication of a therapeutic advantage for the combination,
and subsequent studies showed a pharmacokinetic interaction whereby
aminoglutethimide significantly lowered tamoxifen concentrations by 70%
through induction of hepatic metabolism (30). As a consequence, it has been
important to establish whether any similar interaction occurs with the third-gen-
eration aromatase inhibitors. Neither anastrozole (31) nor letrozole (32) had any
impact on tamoxifen concentrations, although tamoxifen resulted in a 30% re-
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duction in letrozole levels (33). Thus, in advanced disease there is little evidence
to support the combined use of aromatase inhibitors with tamoxifen, although it
should be noted that in the adjuvant setting such a design remains as one arm in the
ATAC trial.

In contrast, there may be some logic to the sequential combination of aromatase
inhibitors, which results in stepwise estrogen suppression and the possibility of
further prolonged benefit for patients (34). This was first demonstrated in a study
of premenopausal women with ER-positive advanced breast cancer who were given
formestane in addition to goserelin, a luteinizing hormone�releasing hormone
(LHRH), following relapse after an initial response or disease stabilization to
goserelin alone (35). Estradiol levels fell further, and the majority

FIGURE 2 A biological rationale for a randomized trial of stepwise estrogen sup-
pression following first-line tamoxifen versus up-front complete estrogen sup-
pression in postmenopausal women with advanced breast cancer. The primary ques-
tion is whether the degree of tumor shrinkage with complete estrogen suppres-
sion would result in longer response duration and time to progression, or alterna-
tively whether stepwise suppression following tamoxifen with a response on each
occasion would ultimately provide longer overall control in the natural history of
the disease (i.e., survival). RD, response duration; TTP, time to progression; OS,
overall survival.
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of patients obtained a further remission. In a separate study of 11 patients who
progressed on formestane, three achieved a further response when
aminoglutethimide was added (36); and it was demonstrated that the degree of
aromatase inhibition and estrogen suppression was greater in combination than
either agent alone (37). The availability of aromatase inhibitors of differing po-
tency now gives us the opportunity to induce stepwise estrogen suppression. The
clinical question remains, however, as to whether overall disease control (i.e.,
time to treatment failure and survival) would be better achieved by stepwise estro-
gen suppression with the introduction of novel and more potent aromatase inhibi-
tors at progression or alternatively full and complete estrogen suppression from
the start. Now that we have an abundance of inhibitors with differing potency, a
randomized trial should be established to investigate whether this is a more effec-
tive strategy for the use of aromatase inhibitors in advanced breast cancer (Fig. 2).

V.    WHICH DRUG IN ADVANCED DISEASE: STEROIDAL
        VERSUS NONSTEROIDAL AROMATASE INHIBITOR?
There are emerging data suggesting a lack of cross resistance between the two
classes of aromatase inhibitors (steroidal vs. nonsteroidal), giving the option for
their use sequentially in advanced breast cancer at the time of progression. Two
studies treated patients relapsing on the nonsteroidal inhibitor aminoglutethimide,
with formestane 250 mg intramuscularly every 2 weeks, and observed objective
response rates of 21 (38) and 10% (39). There have been two recent studies of the
potent third-generation steroidal inhibitor exemestane as third-line therapy fol-
lowing failure of a nonsteroidal aromatase inhibitor. The first was a European
multicenter study of 200 mg exemestane in 78 postmenopausal women with ad-
vanced breast cancer who had progressed on aminoglutethimide, having previously
also received tamoxifen (40). The objective response rate was 26%, with a further
13% achieving disease stabilization for >6 months. The median duration of objec-
tive response was 59 weeks. In those patients who were resistant to previous treat-
ment with aminoglutethimide (n = 33), 12% had an objective response with
exemestane and 15% showed disease stabilization. In the larger multicenter study,
patients had also failed on either aminoglutethimide (n = 136) or one of the po-
tent third-generation nonsteroidal inhibitors such as anastrozole, letrozole, or
vorozole (n = 105) in addition to tamoxifen (41). The objective response rate was
7%, with an overall clinical benefit rate (CR + PR + NC > 6 months) of 25%. For
those patients who failed aminoglutethimide, the objective response and clinical
benefit rates were 8 and 27%, respectively, whereas for those failing third-gen-
eration nonsteroidal inhibitors, the rates were 5 and 21%, respectively. Responses
were more frequent in soft tissue and bone sites of disease, and the median re-
sponse duration was 58 weeks.
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In contrast, a recent study examined the effect of the nonsteroidal inhibitor
anastrozole following progression on the steroidal compound formestane, and
reported that 5 of the 12 patients who had relapsed on formestane had disease
stabilization for >6 months with anastrozole (34). The results of some of these
trials could be interpreted as stepwise estrogen suppression due to the greater
potency of the second aromatase inhibitor (i.e., anastrozole > formestane >
aminoglutethimide). However, in the study of Lønning et al. (41), the potency of
the steroidal compound exemestane is similar to nonsteroidal inhibitors
anastrozole and letrozole, implying that further clinical activity observed must
result from non�cross resistance possibly related to differences in mechanism
of action. These data suggest that exemestane in particular may have useful third-
line activity and show some lack of cross resistance with nonsteroidal inhibitors.

VI. WHO BENEFITS FROM AROMATASE INHIBITORS�
CLINICAL FACTORS

Clinical predictors of response to second-line endocrine therapy in advanced dis-
ease have traditionally included factors such as soft tissue versus visceral sites of
disease, long disease-free interval, and prior response to tamoxifen. The enhanced
efficacy of the more potent aromatase inhibitors, including evidence for activity
in groups of patients previously deemed to have a low chance of endocrine re-
sponse, means that some of these traditional clinical factors may be less of a
discriminator. Subset analyses of the recent Phase III trials with third-generation
aromatase inhibitors (11�14) have demonstrated significant efficacy in sites of
visceral disease for aromatase inhibitors compared with progestins. For example,
the clinical benefit (CR, PR, and stabilization of disease [SD]) seen in liver me-
tastases was much greater with anastrozole than megestrol acetate (26 vs 17%),
with a corresponding longer median duration of benefit of 545 days and 302 days
(42). Equally, the objective response rate (CR and PR) in visceral metastases was
greater for exemestane versus megestrol acetate (14 and 11%, respectively) (43);
and for letrozole against megestrol acetate, the values were 16 and 8%, respec-
tively (44). As a consequence, the presence of asymptomatic visceral metastases
in those with hormone-sensitive breast cancer should no longer be the sole rea-
son to favor chemotherapy over effective endocrine therapy.

Prior sensitivity to tamoxifen in advanced disease has been a clinical factor
often cited as a predictor for the likelihood of response to a further endocrine
agent (16). Patients who have received tamoxifen for advanced disease may be
categorized as responders if they show an objective response (CR or PR) or have
stabilization of disease for at least 6 months (SD). When these patients subse-
quently relapse, they are often described as having developed acquired (or sec-
ondary) resistance. Nonresponders typically progress straight through tamoxifen
and are deemed to have de novo (or primary) resistance. Those who relapse on
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TABLE 1 Response to Aromatase Inhibitors in Phase III Trials and Influence of
Prior Response to Tamoxifen

Tamoxifen Tamoxifen Tamoxifen
Phase III Trial responder (%) nonresponder (%) adjuvant failure (%)

Anastrozole 16 5 12
Megestrol acetate 11 9 12
Letrozole 33 29 14
Megestrol acetate 10 15 16
Exemestane 17 12 13
Megestrol acetate 15 17 8

Source: From Refs. 11, 13, 14.

adjuvant tamoxifen cannot be categorized in the same way, as no prior response to
tamoxifen can be ascertained; although it is generally accepted that prolonged
adjuvant therapy (>2�5 yrs) and subsequent relapse is biologically similar to ac-
quired resistance, whereas relapse after only 6�12 months of tamoxifen is more
likely to represent de novo resistance. It is well recognized that patients who were
previously sensitive to tamoxifen and then developed acquired resistance are more
likely to respond to further endocrine therapy. We previously reported from our
own historical series of studies with various aromatase inhibitors that 70% of
tamoxifen responders had an objective response (CR/PR) or SD to second-line
aromatase inhibitors compared with less than 15% who had shown de novo resis-
tance to tamoxifen (45). However, in the recent randomized trials, especially with
letrozole and exemestane, significant response rates have also been seen in so-
called tamoxifen nonresponders (Table 1), although the definition of nonresponse
is not always clear. The enhanced efficacy of these agents may mean that a benefit
can be seen in patients deemed to have shown no initial sensitivity to tamoxifen. If
this is true, one might expect significantly higher response rates for aromatase
inhibitors in the randomized first-line studies versus tamoxifen, although no evi-
dence has been seen for this to date (15).

VII.    ER STATUS�PREDICTOR OF ENDOCRINE
  RESPONSE TO AROMATASE INHIBITORS

The presence of a functional ER in breast cancer implies a hormone-sensitive
tumor which is dependent on estrogen for growth. Thus, ER-positive tumors should
be highly sensitive to estrogen-deprivation therapy in comparison with tumors
which are completely ER negative. The ER status of the primary tumor is now
known to be the strongest predictor of response to adjuvant tamoxifen in
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the latest world overview (46), with patients in whom the ER status is negative
deriving very little benefit. In the primary medical setting where tamoxifen has
been used as initial therapy in elderly patients, ER expression has been proved to
be the best predictor of response (47,48). In the Edinburgh series, the quantita-
tive value of ER became a significant discriminator for response in such patients
as determined by ultrasound after 3 months of tamoxifen (49). In particular, all
tumors with an ER > 200 fmol/mg protein responded, whereas tumors with ER
values below this were equally likely to respond or not. As discussed later, other
factors which might determine the function of an ER-positive tumor are required
to improve the discrimination of moderate ER values in predicting response to
tamoxifen.

In terms of similar data for predicting response to aromatase inhibitors, there
have been recent studies both with anastrozole and letrozole in the neoadjuvant
setting (49,50), which are described in more detail in Chapter 6. In these studies,
the response rates and median reduction in tumor volume by ultrasound of pri-
mary ER-positive cancers appear much higher than previous patients (non-ran-
domized) treated with tamoxifen. Patients were selected on the basis of their
tumor being ER positive (biochemical score >20 fmol/mg protein or immuno-
histochemical H-score >80) (50). It remains to be seen whether the quantitative
ER score correlates with the degree of tumor shrinkage in these studies, and can
thus be a more accurate predictor of response to aromatase inhibitors than
tamoxifen.

It is clear that ER status (i.e., ER positive or negative), rather than quantitative
ER value, remains the most logical and reliable predictor of response to endo-
crine therapy both in the primary (neoadjuvant) and adjuvant settings. In contrast,
when patients develop recurrent metastatic disease, it has been a concern as to
whether hormone sensitivity due to the presence of ER in the original primary
tumor is lost over time. This could account for lower response rates seen with
tamoxifen in advanced metastatic breast cancer compared with recent studies when
given as primary medical therapy, as it is recognized that 30�40% of metastases
from original ER-positive primary breast cancer fail to respond to endocrine
therapy. However, several studies have confirmed that a significant number of
patients retain ER expression when they develop recurrent metastatic disease (51�
53). Knowledge of the change in ER status may be more helpful in predicting
response to endocrine therapy, in the metastatic setting, than relying on the ER
status of the previous primary tumor. A Finnish study compared the ER status of
recurrent tumors (both at locoregional and distant sites of metastases) with the
primary breast cancer in 50 patients who had not received intervening adjuvant
therapy (51). The median time between primary tumor diagnosis and recurrence
was 25 months. Estrogen receptor status was concordant in 65% of those devel-
oping breast or nodal recurrences and in 57% of those developing distant me-
tastases (sites sampled included skin nodules, liver, lung, and bone secondar-



FIGURE 3 Change in ER/PgR expression following failure of tamoxifen given in
either the adjuvant setting (n = 34) or in patients treated for advanced disease who
initially responded and subsequently relapsed with acquired resistance (n = 18).
Tumor samples included pretamoxifen core-cut biopsies (advanced disease) or
primary tumor (adjuvant therapy), whereas tamoxifen relapse samples included
repeat core-cut biopsies, locoregional recurrences which were excised, or meta-
static skin nodules. ER and PgR were assessed by validated immunohistochemi-
cal assays and reported as H-scores (0�300). (From Ref. 53.)
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ies). Moreover, this proved to be an effective predictor of response to first-line
tamoxifen, which was then given for advanced disease; of those who remained ER
positive at relapse, 74% responded to tamoxifen compared with only 13% in
whom ER expression was lost. Thus, loss of ER with the development of ad-
vanced disease was a highly significant predictor (P = .008) of poor response to
subsequent endocrine therapy (51).

Although ER status may be retained in many tumors during progression to
advanced disease, it was envisaged that tamoxifen given in the adjuvant or first-
line metastatic setting may significantly modify ER expression, with clonal se-
lection of ER-negative tumors at relapse (54). The known response rates to
aromatase inhibitors following tamoxifen failure would argue against that. We
examined the role of intervening tamoxifen given in the adjuvant or first-line
setting on preservation of ER status from the primary tumor to the relapsed sample
in 72 patients who developed tamoxifen resistance (53). Overall we confirmed
that ER expression was often retained, although quantitative values were reduced
most frequently owing to a reduction in the percentage of cells staining positive
for ER. The trend for reduction in ER score was most obvious in those relapsing
on adjuvant tamoxifen after a median of 25 months, whereas those who initially
responded to tamoxifen for advanced disease and then developed acquired resis-
tance often retained high ER scores (Fig. 3).

TABLE 2 Second-Line Response to Either Third-Generation Nonsteroidal
Aromatase inhibitor (Anastrozole, Letrozole, or Vorozole) or Progestins in a Se-
ries of 29 Postmenopausal Women with Advanced Breast Cancer*

ER Status

2nd line
response ER/PgR* ER/PgR

Aromatase inhibitor
Tamoxifen responder CR/PgR 5 �

PD � 2
Tamoxifen nonresponder PD � 2
Progestin
Tamoxifen responder CR/PR 3 2

PD 2 1
Tamoxifen nonresponder PgR  � 1

PD � 1
* All had previously received tamoxifen as first-line therapy for advanced disease, and second-
line endocrine response is expressed in relation to prior tamoxifen response and change in ER/
PgR status as assessed in a tumor biopsy taken at relapse on tamoxifen (i.e., just prior to
commencement of second-line therapy).
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Our subsequent data suggest that preservation of ER at relapse on tamoxifen
may prove the best predictor of response to second-line endocrine therapy, espe-
cially to aromatase inhibitors (55). Of the 72 patients in the series above, there
were 29 who had received tamoxifen as first-line therapy for advanced disease
and then went on to receive second-line endocrine therapy with either third-gen-
eration aromatase inhibitors (anastrozole, letrozole, vorozole) or progestins
(medroxyprogesterone acetate). Estrogen receptor status at relapse on tamoxifen
was a significantly better predictor of response than prior response to tamoxifen
(Table 2). In particular, tumors which were ER or PgR positive at progression on
tamoxifen all responded to aromatase inhibitors, whereas in those which were
completely ER or PgR negative, no responses were seen. In contrast, ER expres-
sion at relapse was less discriminatory for second-line response to progestins.
These data are entirely consistent with the mechanism of action for aromatase
inhibitors, and they suggest that, if possible (accepting that many times it is not
feasible), an analysis of ER expression in recurrent tumor samples would provide
a very accurate predictor of response to second-line aromatase inhibitors in ad-
vanced disease.

VIII.    PREDICTING RESPONSE TO ENDOCRINE
  THERAPY�BIOLOGICAL STUDIES

It is clear that appropriate patient selection will maximize the chance of response to
the new aromatase inhibitors. To date, clinical factors together with the ER status
have been the only information available to clinicians, and, as discussed above,
there are some limitations in their usefulness. Additional tumor factors, which might
characterize hormone-sensitive versus hormone resistant tumors, might improve
on the predictive power of ER status alone for response to endocrine therapy. In
particular, the ER phenotype manifested by coexpression of estrogen-dependent
proteins such as PgR, pS2, and bcl-2 is thought to represent a functional receptor
pathway, but in the Edinburgh series of primary endocrine therapy, these provided
no significant added value in predicting response to tamoxifen (49). Other indepen-
dent tumor biomarkers such as p53, c-erbB2, and epidermal growth factor receptor
(EGFR) are known to be associated with resistance to tamoxifen (56,57), although
this in itself may relate to the fact that the majority of such tumors are known to be
ER negative. Other assays of ER function which might improve its predictive power
have included DNA binding assays, which in our experience remained positive in
tumors with acquired tamoxifen resistance (58). To date, none of these additional
biological factors significantly improves on the predictive power of tumor ER sta-
tus alone.

A change in tumor biomarker expression following the introduction of sys-
temic therapy has become an active area of research, and it may provide a more
accurate predictor of tumor response to both chemotherapy and endocrine ther-
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apy. In particular, much recent interest has focused on changes in tumor cell pro-
liferation and induction of apoptosis (59). Such measurements can be made in
serial fine-needle aspirate cytology (FNAC) samples or repeat core-cut biop-
sies, and their potential to predict for response has been uniquely exploited in
clinical trials of primary (neoadjuvant) therapy. In relation to endocrine therapy
with tamoxifen or aromatase inhibitors, our group at the Royal Marsden Hospital
has explored two different clinical scenarios. These were either short-term (2
weeks) exposure prior to surgery or sequential sampling during a 3-month preop-
erative assessment enabling tumor response by ultrasound also to be assessed
(59).

Our early studies with tamoxifen clearly demonstrated that a fall in tumor cell
proliferation was significantly associated with response to tamoxifen. In a series
of 19 patients, those responding showed a significant fall in Ki-67 during 1�3
months (mean Ki-67 score 28.0 ± 8.4% pretreatment falling to 9.2 ± 4.8% post-
treatment), whereas there was no consistent change in nonresponders (32.8 ±
15.8% pretreatment to 20.0 ± 10.4% posttreatment (60). Likewise, the Edinburgh
group reported on a series of elderly patients receiving primary tamoxifen for 3
months in whom the majority of responding tumors demonstrated a fall in the
proliferation marker Ki-S1, whereas nonresponding tumors displayed either no
change or an increase in staining (61). More recently, our group has studied changes
in proliferation markers after just 14 days of treatment in patients who then con-
tinued to receive tamoxifen therapy for up to 3 months in whom response could
be assessed (62). Using sequential FNAC with proliferation assessed on cytospin
preparations, the early change in these biomarker data from 22 patients (11 re-
sponders and 11 nonresponders) clearly demonstrate the ability strongly to pre-
dict subsequent response to tamoxifen (Fig. 4).

Similar biomarker studies are now being undertaken with aromatase inhibitors.
In a small series of patients treated for 14 days with the second-generation steroi-
dal inhibitor 4-hydroxyandrostenedione (formestane) prior to surgery, we have
demonstrated in ER-positive tumors that there was a significant fall in prolifera-
tion which was not observed in ER-negative tumors (Fig. 5). Response could not
be correlated in this study, but, at the Royal Marsden Hospital, ongoing random-
ized trials of 3 months of therapy have been undertaken in 53 postmenopausal
women looking at the third-generation aromatase inhibitor vorozole versus
tamoxifen (63). In addition, a large 400-patient study of anastrozole versus
tamoxifen versus combined tamoxifen + anastrozole (IMPACT trial) is also ongo-
ing. In these two trials, early and sequential biomarker studies should allow us to
determine with greater confidence the ability to predict for response to aromatase
inhibitor therapy through a fall in cell proliferation, induction of apoptosis, or
downregulation of ER-dependent protein expression. Likewise, in the Edinburgh
study of primary letrozole, a marked reduction in proliferation (Ki-67 staining)
was noted in all 24 cases (96% of patients showed a > 25% reduction in tumor



FIGURE 4 Change in cell proliferation as determined by Ki-67 (%) score in post-
menopausal women with primary breast cancer after 14 days of treatment with
tamoxifen in 11 women who subsequently responded over 3 months and in 11
who were nonresponders. Immunocytochemical measurements were made on
cytospin preparations made from paired pretreatment and posttreatment fine-
needle aspirates (62). In all but one patient, who then responded to tamoxifen,
there was a significant fall in Ki-67 within 14 days, whereas, in contrast, there was
no fall observed in those who were subsequent nonresponders.

FIGURE 5 Change in cell proliferation as determined by Ki-67 (%) score in 11
postmenopausal women with primary breast cancer treated preoperatively with
the second-generation steroidal aromatase inhibitor 4-hydroxyandrostenedione
(formestane). Immunocytochemical measurements were made on cytospin prepa-
rations made from paired pretreatment and posttreatment fine-needle aspirates
(62). In those with ER-positive tumors, there was a significant reduction in Ki-67
after 14 days, whereas no change was seen in those with ER-negative tumors.
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volume). This contrasts with less consistent changes in proliferation seen in the
historical cases treated with tamoxifen where the response rate and median tumor
volume reduction was less (49). It remains to be seen whether, in the context of
the current randomized trials of aromatase inhibitors versus tamoxifen, early
changes in proliferation provide a more consistent predictor of response to
aromatase inhibitors than tamoxifen.

At present, these research studies remain in the primary tumor setting where
they can be conducted in a controlled and rigorous manner. If early (i.e., 2 weeks)
changes can be reliably detected (i.e., sensitivity), and they have the ability accu-
rately to predict response (i.e., specificity), then sequential FNAC samples could
become of value for patients with accessible locally advanced/metastatic disease,
or indeed in the preoperative setting, in determining the most appropriate adju-
vant endocrine therapy. Advances in technology, especially the arrival of
microarrays which can determine gene expression patterns in sequential samples,
may significantly improve this approach. At present, our research has chosen fairly
crude biomarkers (i.e., ER, PgR, Ki-67, apoptosis), and it is possible that their
sensitivity and specificity may be limited. By analyzing changes in gene expres-
sion and detecting patterns (i.e., genes which are inactivated or switched on in
response to endocrine therapy), our hope is to identify more reliable markers,
whereas enhancing our understanding of the mechanisms of tumor response/re-
sistance to current potent endocrine agents.

IX. CONCLUSIONS
The third-generation aromatase inhibitors have resulted in a significant advance in
endocrine therapy of breast cancer. Their role is clearly established as second-
line therapy following tamoxifen failure, with the consistent finding being that
they significantly enhance tumor response duration, time to progression, and over-
all survival. If this efficacy is transferable to first-line therapy, then there is great
optimism that the current trials in first-line therapy and the adjuvant setting against
tamoxifen may yield further substantial gains in outcome for patients. This will be
significantly helped if we can develop accurate methods to predict positive re-
sponse to aromatase inhibitors. To this end, the current interest in biomarker studies
is providing early promising data that may allow us to optimize the use of this new
generation of drugs now reaching the clinic.
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Clinical Overview of Aromatase
Inhibitors

Ian E. Smith
The Royal Marsden Hospital
London, England

I. INTRODUCTION
Aminoglutethimide, the first clinically useful aromatase inhibitor, was shown in the
late 1970s to have clinical efficacy in patients with advanced breast cancer (1,2).
Progress in the development of aromatase inhibitors since then has been slow and
steady rather than dramatic.

Aminoglutethimide itself was shown to be at least as effective as tamoxifen
(3�5), and it was also shown to have potential as adjuvant therapy (6).
Aminoglutethimide never established itself as a major front-line treatment for
advanced breast cancer, principally because of side effects, including rash and
dose-related drowsiness or lethargy.

Gradually so-called �second-generation� aromatase inhibitors emerged, in-
cluding formestane and fadrozole. Formestane, a highly selective, steroidal
aromatase inhibitor, is similar in structure to androstenedione, the naturally oc-
curring substrate for estrogen synthesis. A series of Phase II noncomparative stud-
ies established that formestane has good antitumor efficacy (7) combined with a
good side effect profile. Fadrozole is a nonsteroidal imidazole aromatase inhibi-
tor many times more potent than aminoglutethimide (8). Its clinical development
was interrupted in many countries by the demonstration that serum aldo-
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sterone levels were significantly suppressed by doses of 1 mg twice daily and
greater (9).

These in turn have now been replaced by the �third-generation� aromatase
inhibitors, including letrozole, anastrozole, vorozole, and exemestane. Letrozole,
anastrozole, and vorozole are highly potent nonsteroidal triazole derivatives with
minimal side effects. Fadrazole and anastrozole are 1000 times more potent, and
letrozole is said to be in excess of 10,000 times more potent than
aminoglutethimide (10). Letrozole and anastrozole have established roles in the
treatment of advanced breast cancer and are under investigation as adjuvant therapy;
vorozole, despite also being highly active, has been withdrawn from development
by the manufacturer. Exemestane is a steroidal irreversible aromatase inhibitor
similar to formestane but with the advantage of oral administration. It is under
study both for advanced disease and as adjuvant therapy.

Each generation of aromatase inhibitor has achieved a greater degree of inhi-
bition than its predecessor, such that 98�99% aromatase inhibition can now be
achieved in patients using third-generation agents (11). In addition side effects
have been minimized, such that these agents are now among the least toxic used
in cancer medicine.

In this chapter, the key clinical trials involving aromatase inhibitors in ad-
vanced breast cancer will be reviewed. Most of these have compared modern
aromatase inhibitors with megestrol acetate or aminoglutethimide as second-line
endocrine therapy after tamoxifen failure. Some trials have also compared
aromatase inhibitors as first-line endocrine therapy against tamoxifen.

II.    TRIALS OF AROMATASE INHIBITORS AS
        SECOND-LINE THERAPY
Randomized Phase III trials of aromatase inhibitors as second-line endocrine
therapy against megestrol acetate or aminoglutethimide are listed in Table 1. These
provide by far the largest body of data on second-line endocrine therapy in ad-
vanced breast cancer currently available. Despite this there are limitations with
these trials which prevent meaningful inter-trial comparisons.

First, the selection of the primary endpoint varied between trials. These in-
clude response rate, time to progression (an endpoint of limited value in endo-
crine therapy given that more than 50% of patients do not respond and rapidly
progress), clinical benefit (a better endpoint based on complete response, partial
response, and no change for >6 months; however, this endpoint has not been ac-
cepted in any published response evaluation criteria), response duration, and sur-
vival. Second, only the trials of letrozole versus megestrol acetate were double
blinded. Third, follow-up varied between trials, with differences between the fre-
quency and nature of imaging techniques. Finally, entry criteria varied between
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TABLE 1 Randomized Phase III Trials of Aromatase
Inhibitors as Second-Line Therapy

Trials versus megestrol acetate (40 mg × 4 daily)
Fadrozole 1.0 mg orally bd 2 trials (9)
Anastrozole 1.0 mg orally daily

10.0 mg orally daily 2 trials (10)
Letrozole 0.5 mg orally daily

2.5 mg orally daily (11)
Vorozole 2.5 mg orally daily (12)
Exemestane 2.5 mg orally daily (13)

Trials versus aminoglutethimide (250 mg orally bd)
Letrozole 0.5 mg orally daily (14)

2.5 mg orally daily
Vorozole 2.5 mg orally daily (15)

trials, allowing the potential for populations of different prognostic outlook to
emerge, in particular variable endocrine sensitivity, which is reflected in a com-
parison of control arm outcomes (Table 2).

A.    Second-Line Aromatase Inhibitors Versus
        Megestrol Acetate

1.    Fadrozole Versus Megestrol Acetate
The second-generation imidazole aromatase inhibitor fadrozole, dosed at 1 mg
twice daily, has been compared with megestrol acetate 40 mg four times daily in
two randomized double-blind multi-institutional trials reported by Buzdar in-

TABLE 2 Differences in Control Arm Outcomes in Phase III Aromatase Inhibitor
Trials

Response Survival
rate (%) (months)

Anastrozole vs. megestrol acetate 8 23(10)
Letrozole vs. megestrol acetate 16 22(11)
Vorozole vs. megestrol acetate 8 29(12)
Exemestane vs. megestrol acetate 12 28(13)
Letrozole vs. aminoglutethimide 12 20(14)
Vorozole vs. aminoglutethimide 18 22(15)
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volving 672 patients (9). Objective response rates in the two trials (fadrozole data
first) were 11 versus 16% and 13 versus 11%; no change was seen in 25 versus
20% and 24 versus 30%. None of these differences was significant. Likewise,
there was no significant difference in time to treatment progression, response
duration, or survival.

2.    Anastrozole Versus Megestrol Acetate
Anastrozole (Arimidex; Zeneca) is a third-generation nonsteroidal triazole-selective
aromatase inhibitor which has been compared at two doses (1 and 10 mg once daily)
with megestrol acetate (40 mg four times daily) in two large trials in the treatment of
postmenopausal women with advanced breast cancer whose disease had progressed
after treatment with tamoxifen. These two multicenter trials were identical in design,
double blind for dose of anastrozole, and open label for megestrol acetate. Their
results have been presented as a combined analysis involving a total of 764 patients
(13). Median follow-up for survival was 31 months.

Objective response rate was 10% for anastrozole 1 mg, 9% for anastrozole 10
mg, and 8% for Megace. Anastrozole 1 mg daily showed a significant survival
advantage over megestrol acetate with a risk ratio of 0.78 (P < .025). Anastrozole
10 mg also showed a trend toward a survival benefit over megestrol acetate with a
risk ratio of 0.83 (P = .09). Anastrozole was associated with less weight gain than
megestrol acetate. The trial, therefore, demonstrated a significant survival advan-
tage for anastrozole over megestrol acetate, but it did not show any dose-response
effect between the two anastrozole doses.

3.    Letrozole Versus Megestrol Acetate
A large Phase III multinational multicenter randomized trial has been carried out
comparing letrozole 0.5 mg against letrozole 2.5 mg against megestrol acetate
40 mg four times daily (14).

In this trial involving 551 patients with locally advanced metastatic breast can-
cer in postmenopausal patients previously treated with antiestrogens, results were
as follows. The objective response rate for letrozole 2.5 mg of 23.6% was sig-
nificantly higher than letrozole 0.5 mg at 12.8% (P = .04) and megestrol acetate
at 16.4% (P = .02). The median duration of objective response was not reached
for letrozole 2.5 mg compared with 18 months for letrozole 0.5 mg and 18 months
for megestrol acetate (P = .02).

Clinical benefit (including both patients with objective response and stable
disease for =6 months) was 35% for letrozole 2.5 mg, 27% for letrozole 0.5 mg,
and 32% for megestrol acetate (no significant difference). Median duration of
clinical benefit was 23.5 months for letrozole 2.5 mg, 18.0 months for letrozole
0.5 mg, and 14.5 months for megestrol acetate.
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Median survival was 25 months for letrozole 2.5 mg compared with 21.5 months
for letrozole 0.5 mg, which was statistically significant (P = .03). Median survival
for megestrol acetate was also 21.5 months.

4.    Vorozole Versus Megestrol Acetate
Vorozole, a nonsteroidal triazole aromatase inhibitor whose development has been
discontinued (see earlier), has been compared with megestrol acetate in a Phase
III randomized multicenter trial whose results have only been presented in ab-
stract form (12). A total of 452 postmenopausal patients previously treated with
tamoxifen were randomized to vorozole 2.5 mg orally daily or megestrol acetate
40 mg four times daily. Response rate was 9.7% for vorozole compared with 6.8%
for megestrol acetate, and respective duration of response were 18.2 and 12.5
months. Despite the trend toward improved duration of response, none of these
differences was significant, and vorozole had no demonstrated advantage over
megestrol acetate in terms of efficacy or overall survival. Nevertheless, it was
better tolerated, specifically in terms of weight gain (15).

5.    Exemestane Versus Megestrol Acetate
Exemestane, a steroidal irreversible aromatase inhibitor, has been compared in a
dose of 25 mg/day with megestrol acetate 40 mg orally four times daily in a Phase
III randomized trial of 769 postmenopausal patients with advanced breast cancer
refractory to tamoxifen (13). Objective response rate was 15% for exemestane
versus 12% for megestrol acetate and respective overall clinical benefit 37% ver-
sus 25%. Median duration of response was 17.5 versus 16.3 months, respectively,
and median duration of overall benefit 13.8 versus 11.3 months (P = .025). Me-
dian survival has been reported as being significantly prolonged for exemestane
(not reached) versus megestrol acetate (28.4 months) (P = .039).

B.    Newer Aromatase Inhibitors Versus Aminoglutethimide
1.    Letrozole Versus Aminoglutethimide
Letrozole in two doses (0.5 g or 2.5 mg once daily) was compared with
aminoglutethimide 250 mg twice daily with corticosteroid support in a Phase III
multicenter trial in 555 postmenopausal women with advanced breast cancer pre-
viously treated with antiestrogens (17). Objective response rates were 19.5% for
letrozole 2.5 mg and 16.7% for 0.5 mg and 12.4% for aminoglutethimide. These
differences were not quite significant. The respective median durations of re-
sponse were 24 months versus 21 months versus 15 months.

Median duration of clinical benefit (response + stable disease for at least 6
months) was 21 months for letrozole 2.5 mg, 18 months for letrozole 0.5 mg, and
14 months for aminoglutethimide. Overall survival was 28 months for letro-
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zole 2.5 mg versus 21 months for 0.5 mg, and this difference was statistically signifi-
cant (P = .04). Letrozole 2.5 mg was likewise superior to aminoglutethimide with a
median survival of 20 months (P = .002).

2.    Vorozole Versus Aminoglutethimide
Vorozole is the only other third-generation aromatase inhibitor to be assessed di-
rectly against aminoglutethimide as second-line endocrine therapy in a multicenter
Phase III trial involving 556 patients. Response rate for vorozole 2.5 mg was 23%
compared with 18% for aminoglutethimide (P = .07). Respective response durations
were 21 months versus 20 months (not significant) and overall survivals 26 months
versus 22 months (not significant). Quality of life was reported as better on vorozole
(P = .014) and drug-related side effects were significantly less (31% vs 53%; P <
.001). In particular, this involved a lower incidence of rash and somnolence. These
data have so far only been presented in abstract form (18).

III.    FIRST-LINE ENDOCRINE THERAPY:
AROMATASE INHIBITORS VERSUS TAMOXIFEN

A.     Aminoglutethimide Versus Tamoxifen
In 1981, the first randomized trial, of which we are aware, of an aromatase inhibi-
tor against another endocrine agent was published; 117 patients with advanced
breast cancer were randomized to receive aminoglutethimide orally four times
daily with hydrocortisone 25 mg twice daily or tamoxifen 20 mg orally daily (3).
The great majority of patients had received no previous endocrine therapy, but 13
patients had undergone oophorectomy. Objective responses were seen in 30 pa-
tients in each group, and median response duration was likewise 15 months for
each treatment. Tamoxifen had fewer side effects. In a subsequent analysis no
significant survival differences emerged. In two further randomized studies simi-
lar results were obtained confirming the suggested equivalence between tamoxifen
and aminoglutethimide (Table 3) (4,5).

B.    Fadrozole Versus Tamoxifen
Fadrozole has been compared with tamoxifen as first-line treatment of advanced
or metastatic breast cancer in postmenopausal patients in two randomized Phase
III trials.

In the first, carried out in South Africa, 80 patients were randomized to
fadrozole 1 mg twice daily or tamoxifen 20 mg orally daily (19). Response rates
were 48% for fadrozole and 43% for tamoxifen. Median response duration was
343 days for fadrozole and was greater than this with the median not being
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TABLE 3 Phase III Trials of Aromatase Inhibitors Versus Tamoxifen as First-Line
Therapy for Advanced Disease

Aminoglutethimide 250 mg orally 4 × daily with HC (3)
Fadrozole 1 mg orally bd (16)

1 mg orally bd (17)
Formestane 250 mg im every 2 weeks (18)
Anastrozole (Trial 0030) 1 mg orally daily (19)
Anastrozole (Trial 0027) 1 mg orally daily (19)
Exemestane 25 mg orally daily EORTCa

a In progress.

reached for tamoxifen (P = .009). Survival was likewise significantly increased
for tamoxifen (34 months) compared with fadrozole (26 months) (P = .046).

In the second trial, carried out in Switzerland, 105 patients were randomized
to receive fadrozole 1 mg orally twice daily compared with 107 patients to
tamoxifen 20 mg orally twice daily (20). Response rate was 20% for fadrozole
compared with 27% for tamoxifen. Response rate was 15 months versus 20 months,
respectively (no significant difference), and no significant difference was seen in
survival. There was almost a significant benefit in time to treatment failure for
tamoxifen, 8.5 months, compared with fadrozole, 6 months (P = .05).

C.    Formestane Versus Tamoxifen
A Phase III randomized trial of formestane 250 mg every 2 weeks by intramuscu-
lar injection versus tamoxifen 30 mg orally daily was carried out in 409 post-
menopausal patients with advanced breast cancer, none of whom had received pre-
vious endocrine therapy for advanced disease (21). Only 348 were evaluable for
response; 33% had an objective response to formestane compared with 37% to
tamoxifen (P = .48). Median response was 15 months for formestane compared
with 20 months for tamoxifen (P = .17) and median survival was 35 and 38 months,
respectively (P = .64). Time to disease progression was, however, significantly
longer for tamoxifen (294 days) than for formestane (213 days) (P = .01). Toler-
ance was excellent for both treatments with no significant differences.

D.    Anastrozole Versus Tamoxifen
Two randomized Phase III trials have recently been carried out comparing
anastrozole to tamoxifen in postmenopausal women with advanced breast cancer
who had received no previous endocrine therapy for metastatic disease and had
stopped adjuvant tamoxifen treatment for at least 12 months (22).
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The first, carried out in the United States and Canada (Trial 0030), involved
353 patients randomized to anastrozole 1 mg versus tamoxifen 20 mg. Of these,
21% had an objective response to anastrozole compared with 17% to tamoxifen.
In the anastrozole group, 59% achieved a clinical benefit (objective response +
stable disease for at least 6 months) compared with 46% for tamoxifen. Median
time to disease progression was 11 months for anastrozole compared with 5.6
months for tamoxifen (P = .005), with a risk ratio of 1.44. There was a higher
incidence of vaginal bleeding and thromboembolic disease with tamoxifen than
with anastrozole, but both drugs were otherwise well tolerated.

In the second trial, carried out worldwide (Trial 0027), 33% achieved an ob-
jective response to both anastrozole and to tamoxifen, and clinical benefit was
achieved in 56% in both groups. Median time to disease progression was identi-
cal for both groups at 8.3 months. Thromboembolic events occurred in 7.3% pa-
tients on tamoxifen compared with 4.8% with anastrozole; treatment was other-
wise well tolerated and no other significant differences emerged.

The reason for the apparent discrepancy between the two trials in which one
but not the other showed a significant improvement in time to disease progres-
sion with anastrozole compared with tamoxifen have been considered by the
trialists. Approximately around 90% of patients in Trial 0030 were confirmed as
estrogen receptor (ER)�positive and/or progesterone receptor (PgR)�positive
compared with only 45% in Trial 0027. This implies the likelihood of there being
a higher proportion of patients with unknown receptor status who would in fact be
ER negative and therefore nonresponders to endocrine therapy in Trial 0027. A
subgroup analysis of Trial 0027 in patients confirmed as receptor positive again
showed a clear separation of time to progression curves in favor of anastrozole,
although the benefit did not reach that observed in Trial 0030. There is, therefore,
a hypothesis generated by this trial that true ER-positive patients achieve greater
clinical benefit with anastrozole than with tamoxifen.

Another significant result to come out of the two studies is the apparent re-
duction of thromboembolic events in patients treated with anastrozole. This is
important for two reasons. First, in the metastatic setting, hormone treatments
are preferable in the frail, elderly in whom thromboembolic events may be a par-
ticular problem due to other predisposing factors such as reduced mobility. Sec-
ond, there is increasing interest in the use of anastrozole in the adjuvant setting;
obviously a lower incidence of this potentially fatal complication is of particular
desirability in patients who have potentially received curative treatment.

E.    Exemestane Versus Tamoxifen
A Phase II randomized trial of exemestane versus tamoxifen as first-line hor-
monal therapy in postmenopausal ER- or PR-positive patients with locally recur-
rent or metastatic breast cancer is planned by the EORTC with a projected accrual
of 100 patients; no data are available so far.
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IV.    OTHER ISSUES

A.     Letrozole in the Treatment of Visceral Metastases
It is generally assumed that visceral metastases in advanced breast cancer are better
treated with chemotherapy than with endocrine therapy. In the two Phase III letrozole
trials against megestrol acetate and aminoglutethimide, the opportunity arose to
assess efficacy against visceral metastases. In the trial against megestrol acetate, 73
patients with predominantly visceral metastases were randomized to letrozole 2.5
mg. Sixteen percent of the letrozole group achieved a response compared with 8% in
77 patients randomized to megestrol acetate. Median response durations were 33
versus 15 months, and median clinical benefit durations were 26 versus 11 months
(P = .02), both in favor of letrozole.

In the parallel trial against aminoglutethimide, 17% of 90 patients with pre-
dominantly visceral metastases randomized to receive letrozole 2.5 mg achieved
response compared with only 3% of 71 patients randomized to receive
aminoglutethimide (P = .01). Response duration was 38 months versus 9 and 24
months for the two responding aminoglutethimide patients. Respective response
rates for clinical benefit were 31 versus 30%, and median duration of clinical
benefit was 24 versus 14 months (P = .009).

These limited data indicate that letrozole, and perhaps other aromatase inhibi-
tors, can achieve useful clinical benefit of more than 2 years median in approxi-
mately 25% of patients with visceral metastases. The data also provide further
evidence that letrozole is superior to the much less potent aromatase inhibitor
aminoglutethimide.

B.    Is There a Dose-Response Effect for Letrozole?
An unexpected finding in both these trials was the small but significant increase in
clinical efficacy with letrozole 2.5 mg over 0.5 mg. This is despite the fact that no
further plasma estrogen suppression or in vivo aromatase inhibition has been dem-
onstrated with the higher dose (11,23). If the observation is real, then how can this
result be explained?

It has been postulated that the letrozole data may indicate the role of
intratumoral aromatase inhibition as a more important and sensitive param-
eter than plasma inhibition or estrogen suppression. If this is the case, then
why is a further dose-response effect not seen with other aromatase inhibi-
tors? The answer to this may lie in the structure/function relationship be-
tween the drug and enzyme. Letrozole is certainly a more powerful aromatase
inhibitor than aminoglutethimide or fadrozole, and noncomparative data sug-
gest that it is probably biochemically more active than anastrozole. Like-
wise, there is a similar suggestion from noncomparative clinical data that
the response rates in the two Phase III letrozole trials were significantly
higher than those for anastrozole, which may not simply be based on pa-
tients selection. The hypothesis would, therefore, be that letrozole,



60 Smith

because of a better �fit� with the aromatase enzyme complex, can achieve higher
intratumoral inhibition than anastrozole, which continues below detectable fur-
ther plasma biochemical changes. Noncomparative data suggest that, in this re-
spect, vorozole is more similar to letrozole than to anastrozole, and it is a pity
that similar dose-response studies have not been carried out with vorozole. Fur-
ther data are required to determine whether this unpredictable observation of a
dose-response effect can be confirmed.

V.    CONCLUSIONS
The following conclusions can be drawn from these clinical trials:

1. Aromatase inhibitors are active agents in the endocrine treatment of pa-
tients with advanced breast cancer and, with the exception of aminoglutethimide,
they all have a very low toxicity profile.

2. The currently available third-generation agents, letrozole, anastrozole, and
exemestane, all show relatively small but statistically significant clinical benefit
over megestrol acetate as second-line endocrine therapy for advanced disease,
although the specific clinical benefit parameters vary for the different trials. In
addition, they all have better side effect profiles and are to be recommended in
preference to megestrol acetate.

3. Where tested, third-generation aromatase inhibitors (letrozole and vorozole)
have been shown to have significantly greater clinical benefit than the much less
potent parent aromatase inhibitor aminoglutethimide.

4. In the context of first-line endocrine therapy, a small early trial suggested
that aminoglutethimide had equivalent, but not superior, clinical activity to
tamoxifen. Trials of the second-generation aromatase inhibitors, fadrozole and
formestane, suggest a slight clinical superiority for tamoxifen. Trials of the third-
generation aromatase inhibitor anastrozole provocatively suggest that this might
be clinically more active than tamoxifen and further data are required here. This
issue is of interest in the context of adjuvant trials now running comparing third-
generation aromatase inhibitors with tamoxifen.

5. The letrozole trials emphasize that a small, but clinically important, group
of patients with visceral metastases achieve clinical benefit with letrozole (� 25%).
The clinical importance of this lies principally in the median duration of clinical
benefit which is around 2 years and well in excess of that normally achieved with
chemotherapy.
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I.    ABSTRACT
The individual prognosis of patients with metastatic breast cancer depends on a
complex interaction of biological factors. Knowledge discovery in databases
(KDD) can describe these multiple interactions and generate specific decision
structures on the basis of decision rules. Using KDD, we reanalyzed the data of a
key trial comparing letrozole with megestrol acetate (ARBC2) to characterize
patients who benefit most from second-line hormonal treatment with respect to
response, time to progression, time to treatment failure, and overall survival.
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A total of 552 patients with metastatic breast cancer were randomly assigned to
receive letrozole 2.5 mg (n = 174), letrozole 0.5 mg (n = 188), or megestrol acetate
160.0 mg (n = 190) once daily until progression of disease.

Multivariate analysis by KDD delivered a different set of seven to nine predic-
tive parameters for each endpoint. In contrast, conventional multivariate analysis
revealed only two to five parameters. Each of the factors delivered by KDD has an
influence on the outcome which varies between the subgroups. Several of the
predictive parameters do not reach significance in conventional analysis for the
entire population but may be highly significant within subgroups.

KDD describe common parameters like the dominant site of metastases. How-
ever, they also reveal new prognostic factors, which are not detected in conven-
tional data analysis, as they are only relevant for subsets of patients but not for the
whole population; for example, the body mass index (BMI) had no predictive value
in univariate and multivariate analyses for the entire population. However, KDD
showed that patients with visceral and osseous metastases and a BMI of less than
30 kg/m2 responded significantly better than patients with a BMI of 30 kg/m2 or
more. Furthermore, KDD can be used to classify patients according to their risk
with respect to a certain endpoint; for example, KDD divided the population auto-
matically into two groups with low and high risk to die within 2 years. Mean time
to die (TTD) was 416 days for low-risk (95% CI 365�467) and 822 days for high-
risk patients (95% CI 725�920).

KDD can be used to predict the clinical outcome for an individual patient. In
contrast to conventional methods, the level of confidence for the predictions
reaches 90% and more. Thus, therapeutic strategies might be adjusted to the indi-
vidual risk; for example, high-risk patients can be identified before initiation of
hormonal therapy and might subsequently be considered for a more intensive treat-
ment.

For visualization, prediction, clustering, and modeling of the (individual) out-
come, oncological maps, which are optimal representations of high-dimensional
data have been used. The generated model, based on the ARBC2 data, have been
tested on 100 new randomly selected cases from another clinical trial. The error
rate between predicted and actual objective response is 4%.

II.    INTRODUCTION
Approximately one-third of human breast cancers are estrogen dependent and ex-
hibit regression after estrogen deprivation. In postmenopausal women, the synthe-
sis of estrogens occurs mainly in peripheral tissues, which convert androgen into
estrogen using the aromatase enzyme. Peripheral aromatase is predominantly lo-
cated in fat, liver, and muscle tissue. However, aromatase activity is also found in
about two-thirds of breast tumors; apparently providing a local source of es-
trogen within the tumor itself. Complete inhibition of aromatase could accomplish
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effective estrogen blockade. Twenty to thirty percent of the patients who fail
antiestrogen treatment respond to aromatase inhibitor treatment.

Letrozole is a new, orally active, highly selective, nonsteroidal competitive
inhibitor of the enzyme aromatase (1). It has shown substantial activity in post-
menopausal patients with metastatic breast cancer, where objective tumor response
rates of up to 25% after failure of previous therapy have been reported. Two large
randomized studies comparing letrozole with other antiestrogen therapies have
been published to date.

In a first multinational clinical trial two different doses of letrozole, 0.5 and
2.5 mg orally once daily, were compared with 160 mg megestrol acetate (MA)
(BC2 Trial) (2). The purpose of this chapter is to characterize patients within the
ARBC2 trial, which benefit most from second-line hormonal treatment in terms
of response, time to progression (TTP), time to treatment failure (TTF), and over-
all survival (TTD) using techniques from knowledge discovery in databases (KDD).
For this data reanalysis we used Cox, Kaplan-Meier, logistic regression, chi-
squared interaction detector, CART, entropy-based decision tree algorithms, and
self-organizing maps (SOMs).

III.    PATIENTS AND METHODS

A. Patients
A total of 552 postmenopausal women with metastatic breast cancer, positive or
unknown estrogen (ER) or progesterone (PgR) receptor status were randomly
assigned to receive either letrozole 0.5 mg, letrozole 2.5 mg, or MA once daily in
a double-blind, peer-reviewed, multinational trial. Patient characteristics are listed
in Table 1. The treatment groups were well balanced across baseline covariates.

Postmenopausal status was defined by no spontaneous menses for at least 5
years, amenorrhea for at least 12 months, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) within postmenopausal range of the laboratory in-
volved, or amenorrhea for at least 3 months following bilateral oophorectomy or
radiation castration, respectively. Patients were regarded as ER or PgR positive if
any assay of the primary or secondary tumor tissue was positive. Previous hor-
monal therapy other than antiestrogens, oophorectomy, or radiation castration
was not allowed. Patients had either relapsed on adjuvant hormonal therapy or
within 12 months of stopping treatment or had progressed on first-line antiestrogen
treatment for metastatic disease. Adjuvant and one chemotherapy regimen for
advanced disease were allowed, but most patients had not received prior chemo-
therapy.

Patients were ineligible if they had central nervous system (CNS) involve-
ment, diffuse lymphangitis carcinomatosa of the lungs, inflammatory breast can-
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TABLE 1 Patient Baseline Characteristics
Evaluable patients

Letrozole Letrozole Megestrol
0.5 2.5 acetate

N (%) N (%) N (%) N (%)
Dominant site of metastases 541 (100) 186 (100) 169 (100) 186 (100)
Soft tissue 150 (27.7) 57 (30.6) 44 (26.0) 49 (27.7)
Bone 171 (31.6) 59 (31.7) 52 (30.8) 60 (31.6)
Viscera 220 (40.7) 70 (37.6) 73 (43.2) 77 (40.7)
Number of anatomical sites of

metastatic disease 541 (100) 186 (100) 169 (100) 186 (100)
1 119  (58.8) 119 (64.0) 101 (59.8)  98 (52.7)
2 55 (32.9) 55 (29.6) 53 (31.4) 70 (37.6)
3 12 (8.3) 12 (6.5) 15 (8.9) 18 (9.7)

Disease-free interval 552 (100) 188 (100) 174 (100) 190 (100)
Stage IV at presentation 56 (10.1) 21  (11.2) 13 (7.5) 22 (11.6)
<24 months 160 (29.0) 48 (25.5) 55 (31.6) 57 (30.0)
≥24 months 336 (60.9) 119 (63.3) 106 (60.9) 111 (58.4)

Hormone receptor status 552 (100)  188 (100) 174 (100) 190  (100)
Both receptors unknown 236 (42.8) 84  (44.7)  74 (42.5)  78 (41.1)

ER+ or PgR+ 119 (21.6) 35 (18.6) 43 (24.7) 41 (21.6)
ER+ and PgR+ 197 (35.7) 69 (36.7) 57 (32.8) 71 (37.4)

Performance status 552 (100)  188 (100) 174 (100) 190 (100)
WHO grade 0 270 (48.9) 94 (50.0) 89 (51.1) 87 (45.8)
WHO grade 1 28 (39.5) 72 (38.3) 60 (34.5) 86 (45.8)
WHO grade 2 63 (11.4) 22 (11.7) 24 (13.8) 17 (8.9)
WHO grade 3 1 (0.2) 0 (0) 1 (0.6)  0 (0)

Body mass index  544 (100)  84 (100) 172 (100) 188 (100)
<30 kg/m2 421 (77.4) 148 (80.4) 128 (74.4) 125 (77.1)
≥30 kg/m2 123 (22.6) 36 (19.6) 44  (25.6) 54  (22.9)

Previous chemotherapy 552 (100)  188 (100) 174 (100) 190 (100)
None 347 (62.9) 114 (60.6)  120 (69.0) 113  (59.5)
Adjuvant only 118 (21.4)  41 (21.8) 36 (20.7) 41 (21.6)
Therapeutic only 69 (12.5) 29 (15.4)  13 (7.5)  27 (14.2)
Adjuvant and therapeutic 18 (3.3) 4 (2.1)  5 (2.9)  9 (4.7)

Previous antiestrogen therapy 552 (100) 188 (100)  174 (100) 190 (100)
Adjuvant only 183  (33.2)  65 (34.6) 57 (32.8)  61  (32.1)
Therapeutic only  306 (55.4) 108 (57.4)  93 (53.4)  105  (55.3)
Adjuvant and therapeutic  63  (11.4) 15 (8.0)  24 (13.8) 24 (12.6)

Response to prior antiestrogens 552 (100) 188 (100)  174 (100) 190 (100)
Objective response (CR or PR) 113 (20.5) 40 (21.3) 33 (19.0)  40  (21.1)
   NC or response unknown  but
  antiestrogen given ≥ 6 months 178 (32.2)  60 (31.9)  61 (35.1) 57 (30.0)

PD or response unknown but
antiestrogen given < 6 months 63 (11.4) 15 (8.0) 21 (12.1) 27 (14.2)

Not applicable (e.g., adjuvant
therapy) 198 (35.9)  73 (38.8) 59 (33.9) 66 (34.7)



Who Benefits from Second-Line Treatment with Letrozole? 67

cer, extensive hepatic metastases involving more than one-third of the liver, or
disease limited to pleural effusion or ascites. Further exclusion criteria included
a history of prior malignancy other than contralateral breast cancer, in situ carci-
noma of the cervix or adequately treated basal or squamous cell carcinoma of the
skin, uncontrolled cardiac disease or diabetes mellitus, adrenal disease, porphy-
ria, or confirmed peptic ulceration. Written, informed consent was required.

Patients were staged at baseline and assessed at three monthly intervals until
disease progression and thereafter followed up for survival. The primary endpoint
was overall objective tumor response assessed using UICC criteria. Objective
remissions and stable disease had to be confirmed on two occasions at least 4
weeks apart. Secondary endpoints included time to progression, time to treat-
ment failure, and time to death.

B.    Methods
The methods used are exploratory data analysis, knowledge discovery, and ma-
chine learning techniques.

Knowledge discovery is the nontrivial extraction of implicit, previously un-
known, and potentially useful knowledge from data. Exploratory data analysis
and data mining are used for KDD. The emphasis in exploratory data analysis is on
the whole interactive process of knowledge discovery; that is, the discovery of
novel patterns or structures in the data.

One important application of knowledge discovery is the construction of a
classification procedure from a set of data for which the true classes (i.e., the
individual outcomes) are known. This type of procedure can be termed pattern
recognition, discrimination, or supervised learning. The major strands in current
classification practice and research (3) are: extensions to linear discrimination,
decision tree and rule-based methods, and density estimates.

In this chapter, we use techniques from these three areas, such as Cox regres-
sion, entropy-based inductive and chi-square detection algorithms (i.e., decision
trees), boosting algorithms, and Kohonen�s self-organizing maps.

Decision trees are defined as follows: The root of the tree is the top node, and
examples are passed down the tree, with decisions being made at each node until
a terminal node or leaf is reached. Each nonterminal node contains a question
(e.g., previous chemotherapy: adjuvant, therapeutic, adjuvant and therapeutic, or
none) on which a split is based. Each leaf contains the label of a classification
(e.g., low risk or high risk or mean time to death).

To determine the variability of the results and, therefore, the accuracy of the
classifier on unknown cases, the decision trees are cross validated (3). A pos-
sible alternative would be bootstrapping (4). This represents a nonparametric pro-
cedure for estimating parameters in general and error rates in particular and to
reduce variability in small data sets.
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A classifier is usually evaluated in terms of its error rate on new cases. However,
misclassification errors of one kind are more serious than those of another kind. The
consequence of misclassifying a high-risk patient as one with low risk is more
serious and �costs� more than the converse. Therefore, a cost function is intro-
duced to calculate a decision tree for which the total cost of misclassification is
minimized. Furthermore, boosting, another innovative technique (5), is applied. This
means that a number of classifiers are constructed. When a case is classified, all
these classifiers are consulted before a decision is made. Boosting gives higher
predictive accuracy at the expense of increased classifier construction time. As the
first step, a single decision tree or rule-set is constructed as before from the training
data. This classifier will usually make mistakes on some cases in the data, and the
first decision tree possibly gives the wrong class for some cases. When the second
classifier is constructed, more attention is paid to these cases. As a consequence,
the second classifier will generally be different from the first. It also will make errors
on some cases, and these will be focused on when constructing the third classifier.
This process continues for a predetermined number of iterations.

Self-organizing maps (SOMs), special types of neural nets, allow:

1. Clear and intuitive analysis by track breaking visualization technique
2. Direct identification of system attributes
3. Identification of nonlinear dependencies between parameters
4. Easy to handle preprocessing and postprocessing capabilities
5. Built-in support for numerous applications, such as clustering, fil-

tering, and prediction

SOMs are imparticularly designed to learn from new data and predict individual
outcome. This approach, developed by Kohonen in 1982, can be used to produce
visual displays or maps of the similarities and dissimilarities in the data (i.e., onco-
logical maps); a concept used for the first time in oncology, as far as the authors
know. Each point in an oncological map represents a patient.

The SOM is realized by a two-dimensional hexagonal grid. Starting from a set
of numerical, multivariate, high-dimensional data, the �nodes� on the grid gradu-
ally adapt themselves to the intrinsic shape of the data distribution. Since the or-
der on the grid reflects the neighborhood within the data, attributes and features
of the data distribution can be read off from the emerging �landscape� on the grid.
A map (one for each parameter) represents the (local average) parameter value at
each node. Some variables carry gently over the map windows; hence they may be
assumed to be dominant variables. Together they define a complete order of the
data space. In contrast, other parameters are distributed nonuniformly. It does not
play a major role in the overall distribution.
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IV.    RESULTS

A.     Response

Overall 192 patients (34.8%) responded to the hormonal treatment with 35 (6.3%)
complete and 78 (14.1%) partial remissions, accounting for an objective response
rate of 20.4%. Although there was a trend favoring letrozole 2.5 mg, no significant
difference in response rates was obtained between the three different treatments in
total (P = .1036) (Table 2). However, within subsets of patients, letrozole 2.5 mg
induced significantly higher response rates then letrozole 0.5 mg or MA. For ex-
ample, patients with predominantly soft tissue metastases and treatment with letrozole
2.5 mg responded significantly better (RR 69.4%) than patients on letrozole 0.5 mg
or MA (RR 45.5%; P = .0211).

Multivariate analysis by KDD (C4.5, an entropy-based decision tree algorithm
combined with CHAID, a chi-squared interaction detector) delivered nine param-
eters predictive for response: dominant site of metastases, disease-free interval,
objective response (CR or PR) to prior antiestrogen therapy, body mass index,
World Health Organization (WHO) performance status, age, receptor status, pre-
vious antiestrogen therapy (therapeutic is more favorable than only adjuvant) as
well as the type of treatment (Table 3). In contrast, forward conditional logistic
regression revealed only three significant parameters (dominant site of metastases,
performance status, and disease-free interval) (error rate 32.7%). The logistic
model just consisting of dominant site of metastases has an error rate of 32.9%;
that is, there is no gain by adding additional parameters.

TABLE 2 Overall Tumor Response
Evaluable patients

Letrozole Letrozole Megestrol
Total 0.5 2.5 acetate

N (%) N (%) N (%) N (%)
Response 552 (100) 188 (100) 174 (100) 190 (100)
Responsea (CR/PR/NC) 192 (34.8) 57 (30.3) 71 (40.8) 64 (33.7)

CR 35 (6.3)  8 (4.3) 18 (10.3) 9 (4.7)
PR 78 (14.1) 21 (11.2) 30 (17.2) 27 (14.2)
NC 79 (14.3) 28 (14.9) 23 (13.2) 28 (14.7)

No responsea 360 (65.2)131 (69.7)103 (59.2)126 (66.3)
PD 307 (55.6)106 (55.9) 96 (55.2)106 (55.8)
NA/NE 53 (9.6) 26 (4.0)  7 (4.0) 20 (10.5)

aUICC criteria.
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TABLE 3 Univariate Analysis of Clinical Benefit

(=CR + PR + SD
Clinical benefit + TTP > 6 months)

Megestrol Letrozole Letrozole P-value
acetate 0.5 2.5 (Letrozole 2.5 mg)

Overall clinical benefit 32.1  28.7 39.1
Age
   36�56 yrs 20.5 26.1 18.9 0.0046
   57�93 yrs 35.1 29.6 44.5

Performance status
WHO grade 0 42.5 36.2 47.2 0.0419
WHO grade 1 25.6 23.6 33.3
WHO grade 2 11.8 13.6 20.8

Dominant site of metastases <0.0001
Bone 30.0 30.5  25.0
Viscera 22.1 18.6 28.85
Soft tissue 51.0 40.4 68.2

Number of metastatic sites 0.0033
1 39.8 32.8 47.5
2 25.7 25.5 22.6
3 16.7 8.3 26.7

Disease-free interval 0.1688
Stage IV at presentation 31.8 19.0 15.4
<24  months 26.3 12.5 43.6
≥24  months 35.1 37.0 39.6

Hormone receptor status 0.2513
ER+ or PgR+ 43.9 8.6 32.6
ER+ and PgR+ 26.8 29.0 43.9

Body mass index 0.4612
<30 kg/m2 30.3 29.7 40.6
≥30 kg/m2 34.9 27.8 36.4

Previous chemotherapy 0.5758
None 34.5 28.9 38.3
Adjuvant and therapeutic 22.2  � 20.0

Previous antiestrogen therapy 0.0160
Adjuvant only 41 20.0 26.3
Therapeutic only 31.4 33.3 44.1
Adjuvant and therapeutic 25 33.3 50.0

Response to prior antiestrogens 0.0603
CR or PR 20 37.5 51.5
NC 38.6 31.7 34.4
PD 22.2 13.3 57.1



The decision structure generated by KDD shows that each of the factors listed
above had an influence on the outcome which varies between the subgroups (Fig.
1). The most important prognostic parameter for response was the dominant site
of metastases. Although 52.8% of the patients with predominantly soft tissue me-
tastases showed a partial or complete response or remained stable for at least 6
months, only 30.4 and 25.0% of the patients with bone and visceral metastases,
respectively, responded to study treatment (P < .0001). Response rates of pa-
tients with predominantly soft tissue, visceral, or bone metastases were influ-
enced by different parameters.

In patients with visceral metastases receiving letrozole 2.5 mg, the body mass
index (BMI) has a strong influence on the response. Patients with a BMI of less
than 30 kg/m2 responded significantly better than patients with a BMI of
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FIGURE 1 Decision structure with respect to response (CR, PR, and SD).
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30 kg/m2 or more. Only 6.7% of the patients with visceral metastases and a BMI ≥30
kg/m2 remained stable under treatment with letrozole 2.5 mg and no patient achieved
an objective response. Similarly, in patients with bone metastases, a strong trend
favoring patients with a lower BMI was obtained, although the differences in re-
sponse rates were not significant. However, significance is reached in several sub-
sets defined by at least one additional parameter. The influence of the BMI on the
response might indicate that the dose of letrozole is inadequate in patients with a
high BMI and visceral or osseous metastases. It therefore can be hypothesized that
the results might be improved if the dose were adapted to the BMI or the weight.

In contrast, BMI was of less prognostic value in patients with soft tissue me-
tastases. This could be due to the fact that response rates were significantly higher
in this subset compared to patients with visceral or osseous metastases, with the
consequence that other parameters might have become more dominant, whereas
the BMI was only relevant for smaller subsets. For patients with predominantly
soft tissue metastases, the most important parameter was the hormone receptor
status. Patients with both estrogen and progesterone receptor positive had a high
chance of responding to treatment, whereas patients with only one receptor posi-
tive were only likely to respond if prior hormonal therapy was used in the adjuvant
setting. In patients with both receptors unknown, response was mainly dependent
on the disease-free interval, the performance status, and the BMI.

KDD converts the decision structure into a set of rules. Each rule consists of
a condition, a predicted class, and the level of confidence of the given prediction.
Table 5 shows several examples of rules automatically generated by the com-
puter. The rules are directly evaluable. Rules 1�3, for example, describe the im-
pact of the type of treatment on the response for patients with predominantly soft
tissue metastases. According to these rules, patients within the subset receiving
letrozole 2.5 mg are more likely to respond than patients with letrozole 0.5 mg or
MA. Rules 4 and 5 demonstrate that patients with a BMI below 30 kg/cm2 are
more likely to respond. As the number of generated rules is high, and not only one
but several rules might be applicable for each individual patient and have to be
weighted, a computer program has been generated to analyze and aggregate auto-
matically all rules for an individual patient to simplify the process of reaching a
verdict. Based on the individual data and the decision structure generated by KDD,
this program can apply all the information and estimate the outcome for indi-
vidual patients.

B.    Time to Treatment Failure
The median times to treatment failure (MTTF) with respect to response are
shown in Table 6. Whereas MTTF was similar in patients with stable disease
under letrozole 2.5 mg or MA, MTTF was 7 months and almost 1 year longer, respec-
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TABLE 4 Clinical Benefit Response with Respect to Dominant Site of Metastases and Body Mass Index for Patients
Treated with Letrozole 2.5 mg

Total BMI < 30 mg/m2 BMI ≥ 30 mg/m2 P-value
Clinical benefit (response) with respect

   to dominant site of metastases (%)
Viscera 28.8 (31.5) 37.5 (37.5) 6.7 (6.7) 0.0286 (0.0341)
Bone 25.0 (26.9) 27.5 (30.0) 16.7 (16.7) 0.4472 (0.36)
Viscera and bone 27.2 (29.6) 32.3 (34.7) 11.1 (11.1) 0.0629 (0.0175)
Soft tissue 68.2 (69.4) 64.5 (65.5) 76.9 (76.4) 0.4202 (0.43)

Objective response rate with respect to
   dominant site of metastases (%)
Viscera 19.2 25.0 0.0 0.0307
Bone 19.2 20 16.7 0.7972
Viscera and bone 19.2 22.9 7.4 0.0724
Soft tissue 54.6 48.4 69.3 0.2052
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TABLE 5 Examples for Decision Rules Automatically Generated by KDD with  Re-
spect to Response

Rule 1: if (dominant site of metastases = soft) and treatment = letrozole 0.5 mg,
then prediction = response (probability = 0.407)

Rule 2: if (dominant site of metastases = soft) and treatment = letrozole 2.5
mg, then prediction = response (probability = 0.694)

Rule 3: if (dominant site of metastases = soft) and treatment = megestrol
acetate, then prediction = response (probability = 0.509)

Rule 4: if (dominant site of metastases = bone or dominant site of metastases =
viscera) and performance status = WHO grade 0 and (previous antiestrogen
therapy = therapeutic only or previous antiestrogen therapy = both adjuvant
and therapeutic) and body mass index = < 30 kg/m2, then prediction =
response (probability = 0.427)

Rule 5: if (dominant site of metastases = bone or dominant site of metastases =
viscera) and performance status = WHO grade 0 and (previous antiestrogen
therapy = therapeutic only or previous antiestrogen therapy = both adjuvant
and therapeutic) and body mass index = =30 kg/m2, then prediction =
response (probability = 0.273)

Rule 6: if (dominant site of metastases = viscera) and performance status =
WHO grade 0 and body mass index = <30 kg/m2 and treatment = letrozole
2.5 mg, then prediction = response (probability = 0.500)

tively, in patients with partial or complete responses under letrozole 2.5 mg com-
pared to MA (Fig. 2). However, there were no significant differences in terms of
survival between letrozole and MA indicating that a short TTF does not necessar-
ily have a negative impact on survival.

MTTF for patients with osseous, visceral, and soft tissue metastases were 263
(104) days, 231 (91) days, and 439 (257) days, respectively; showing that pa-
tients with osseous and visceral metastases had similar mean and median TTF, but
MTTF in both groups were markedly lower compared to patients with soft tissue
metastases. The mean TTF for patients with clinical benefit was 604 days on an
average. For MA it was 473 days, for letrozole 0.5 mg 622 days, and for letrozole
2.5 709 days (P-value = .0002).

Cox regression (forward stepwise) calculated the following variables for TTF:
dominant site of metastases, number of different anatomical sites of metastases,
disease-free interval, performance status, previous chemotherapy, and treatment.

C.   Time to Progression
The mean time to progression (MTTP) was 342.5 days, with 335.3 days on letrozole
0.5 mg, 414.1 days on letrozole 2.5 mg, and 268.9 days on MA (see Table 6; 20.2%
were censored).
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TABLE 6 Time to Treatment Failure, Time to Progression, and Overall Survival with Respect to Treatment for All Patients and
Patients with Objective Response

Evaluable patients
Letrozole 0.5 mg Letrozole 2.5 mg Megestrol acetate

Mean Median Mean Median Mean Median
All (days) (95% CI) (days) (days) (95% CI) (days) (days) (95% CI) (days)
TTF 289.5 (231.4; 347.7) 98.0 388.6 (321.1; 456.2) 155.0 243.4 (204.8; 282.0) 118.0
TTP 335.3 (267.4; 403.5) 104.0 414.1 (341.4; 486.7) 169.0 268.9 (225.6; 312.2) 168.0
TTD 735.1 (665.5; 804.9) 654.0 807.9 (737.3; 878.5) 767.0 724.2 (657.3; 791.2) 655.0
Objective
   response
TTF 800.6 (648.9; 952.4) 735.0 881.6 (768.9; 994.4) 796.0 560.8 (469.7; 652.0) 513.0
TTP 829.5 (652.9; 1006.0) 851.0 925.0 (792.8; 1057.1) 1002 594.0 (497.8; 690.1) 548.0
TTD 1200.1 (1084.4; 1315.9) � 1182.1 (1082.0; 1282.3) � 1045.0 (916.4; 173.6) 1144.0



FIGURE 2 Kaplan-Meier function compares time to treatment failure with respect
to dominant site of metastases.

This indicates a significant dose effect in favor of letrozole 2.5 mg compared
to letrozole 0.5 mg, and superiority of letrozole 2.5 mg compared to MA (P =
.001) (Fig. 3). The differences in MTTP with respect to the type of treatment
were even higher within several subgroups of patients (Fig. 4).

KDD delivered several parameters predictive for TTP: severity of pain, age,
dominant site of metastases, body mass index, disease-free interval, response to
previous antiestrogen therapy, and type of treatment. Cox regression (forward
stepwise) delivers age, number of different metastases, disease-free interval, per-
formance status, and previous antiestrogen therapy.

D.   Overall Survival
The mean time to death (MTTD) was 735 days for letrozole 0.5 mg, 808 days for
letrozole 2.5 mg, and 724 days for MA. Although these results were not signifi-
cant, there was a trend favoring letrozole 2.5 mg over MA and a dose effect in
favor of letrozole 2.5 mg. KDD delivered eight parameters predictive for sur-
vival: previous chemotherapy, receptor status, age, number of anatomical sites of
metastatic disease, prior bisphosphonates, WHO performance status, body
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FIGURE 3 Kaplan-Meier function compares time to progression with respect to
type of treatment.

FIGURE 4 Kaplan-Meier function compares time to progression with respect to
type of treatment in the subset of patients with soft tissue metastases.
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mass index, and dominant site of metastases. In contrast, forward conditional Cox
analysis (forward stepwise) delivered only the performance status and the number
of metastatic sites.

The decision structure generated by KDD shows that each of the factors listed
above had an influence on the survival which varies between the subgroups (Fig.
5). Most important parameters for overall survival were the number of metastatic
sites and the dominant site of metastases. Whereas 56% of patients with only one
metastatic area lived for at least 24 months, 68.6% of patients with two or three
sites involved died within 2 years (P < .0001). Patients with two or three meta-
static sites and predominantly bone metastases survived significantly longer than
those with visceral involvement (P = .0063).

KDD defined three groups with respect to age. They differed significantly in terms
of survival within several subsets. Patients aged between 56 and 72 years had a
significantly better clinical outcome compared to older patients and especially younger
patients. Whereas, for example, within patients with two or three metastatic sites,
predominantly visceral metastases, and therapeutic prior hormonal treatment, 45.0%
of women aged between 56 and 72 years survived longer than 2 years and 91.2% of
younger women died within 24 months.

KDD classified patients automatically in two groups with low and high risk to die
within 2 years. The cut-off point of 24 months was selected, as it is close to the median
survival. MTTD was 416.5 days for high-risk patients (95% CI 365�467) and 822 days
for low-risk patients (725�920), respectively. Owing to boost evaluation techniques,
the misclassification rate for letrozole 2.5 mg was 2.9%, with a sensitivity and speci-
ficity of 95.1% and 90.7%, respectively. The corresponding Kaplan-Meier survival
functions of these two subgroups automatically generated by the algorithm are
shown in Fig. 6.

E.   Oncological Maps and Prediction on New Cases
Oncological maps (self-organizing maps) support, as mentioned above, the
following technical tasks: unsupervised clustering of data, association and
prediction, pattern recognition, nonlinear regression, identification of non-
linear dependencies, visualization, and animated monitoring. Oncological
maps have also the capability to generalize. This means that an oncological
map can recognize or characterize patients it has never encountered before.
A new patient is assimilated with a patient in the map which has the smallest
distance. Furthermore, patients even with missing data can be used to look
up or forecast the values of the missing data based on a trained oncological
map. In the following we will use oncological maps to predict the individual
outcome of patients treated with letrozole 2.5 mg. As a model we use the
set of oncological maps (Oncological Atlas) generated by the previously
described 174 (letrozole 2.5 mg) patients of the BC2 study. This on-
cological atlas was tested with 100 patients from another study on the



FIGURE 5 Decision structure with respect to survival for more than 24 months.
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FIGURE 6 Kaplan-Meier survival function generated by the KDD algorithm for
patients with high and low risk, respectively, to die within 24 months.

FIGURE 7 The oncological map for the parameter response. The response is nicely
separated in areas with patients with CR, PR, SD, PD and NA/NE. Patients with
SD = 6 months are put into the area for patients with PD by the algorithm.
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TABLE 7 Confusion Matrix: The Actual and Predicted Individual Response Val-
ues of the 100 Test Patients

     Actual
Prediction

Prediction CR PR  SD  PD  NA/NE totals

CR 2 0 0 0 0 2
PR 3 12 1 0 0 16
SD 1 1 16 0 0 18
PD 0 0 6 46 9 61
NA/NE 0 1 0 2 0 3
Actual totals 6 14 23 48 9

basis of all documented parameters except the corresponding clinical outcome.
Then the calculated and the actual outcomes were compared.

The response is nicely separated in areas with patients with CR, PR, SD, PD,
and NA/NE (Fig. 7). This means that the response can be reasonably deduced from
the other values. If response values were randomly distributed over the whole
map, we would have to conclude that there was no relationship between the re-
sponse and the other values.

The error rate for objective response was 4%, for clinical benefit 8%, for
response (CR + PR + SD) 7%, and for survival 24 months 7%. In Table 7, we
represent the so-called confusion matrix (a generalization of the notion sensitiv-
ity) for the actual and calculated response of the individual patients. Of 18 pa-
tients predicted an objective response, only one had a documented SD. Further-
more, there is no significant difference between the actual and calculated values
for mean and median TTP and TTF (Table 8). In contrast to this, the calculated
median TTD is 10.8% higher than the actual value. One reason for this might be
the fact that exactly 50% of these patients were censored with respect to TTD.

V.    DISCUSSION
The current progress of computer technologies has opened new applications with
algorithms that integrate the knowledge of a scientific or technical discipline (e.g.,
advanced breast cancer) and use artificial intelligence to provide decision solu-
tions independent from human intelligence. Our analysis demonstrated that there
are different sets of prognostic factors for predicting response, TTF, TTP, and
TTD. The relevance of the different parameters varies within subsets of patients.
KDD can describe these interactions between the prognostic factors and generate
decision structures and sets of decision rules. They can be used to predict the
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TABLE 8 Actual and Predicted Mean and Median Time to Treatment Failure, Time to Progression, and Time to Death
(Kaplan-Meier survival analysis of the results derived from the oncological maps)

Actual Calculated
Survival Standard 95% Survival Standard 95%

time error Confidence time error Confidence
TTF Mean 274.3 37.0 201.7;346.9 277.0 29.8 218.6;335.4

Median 95.0 11.7 72.1;117.9 126.0 22.0 82.9;169.1
Mean 312.5 42.8 228.7;396.4 308.7 33.7 242.7;374.8

TTP Median 108 30.0 49.1;166.9 143.0 25.5 93.1;192.9
Mean 879.5 51.7 778.3;980.8 872.0 46.5 781.7;963.9

TTD Median 899 69.7 762.4;1035.6 996.0 109.1 782.1;1209.8
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clinical outcome for an individual patient. In contrast to conventional methods, the
level of confidence for the predictions reaches 90% and more.

It is hardly possible to demonstrate the entire structure for all of the end-
points mentioned above, as the interactions between the different parameters
are to complex. This chapter provides instead only several examples for the use
of KDD in the analysis of patients receiving second-line hormonal therapy.
KDD describe well-known parameters like the dominant site of metastases.
However, they also reveal new prognostic factors, which are not detected in
conventional data analysis, as they are only relevant for subsets of patients
and not for the whole population. The body mass index may serve as example.
Although, in the past, many clinicians have suspected that the BMI influences
the outcome of endocrine therapy, it had been impossible to demonstrate this,
as the BMI had no predictive value in univariate and multivariate analyses for
the entire population. With the use of KDD and analysis of the decision struc-
ture, it becomes apparent that the BMI is highly predictive but only within
subsets of patients. Patients especially with visceral and osseous metastases
are much more likely to respond if the BMI is below 30 kg/m2.

Another example is the age as a prognostic factor for survival. It is gener-
ally accepted that younger women have a poorer prognosis. However, KDD
shows that within certain subsets patients older than 70 years also have a
worse outcome compared to patients between 56 and 70 years old. The reasons
behind this observation are not yet understood, but the first step is done by
describing the phenomenon. It has to be stressed that the range was automati-
cally defined by the algorithm. It is therefore important to avoid categorization
of parameters in data analysis, as much information may get lost.

Since the decision structures are extremely complex, it is important to sim-
plify the information for the clinical use. A possible way is to program a com-
puter with the decision rules generated by KDD. This computer can subse-
quently analyze and aggregate automatically all rules for an individual patient
and can provide an estimation for the individual outcome which is based on all
the underlying information.

The oncological maps presented in this chapter are a new concept in data
analysis in oncology. The corresponding background are improvements and
extensions of Kohonen�s self-organizing maps. The oncological maps capture
the topology and probability distribution of input data. Self-organization in
this context is a process of �unsupervised� learning whereby significant pat-
terns or features in the input data are discovered. This type of data analysis
provides valuable insight into any kind of numerical data in oncology in a
distinct visual form, which allows the user to discover intuitively, analyze, and
interpret relationships within the data.

Finally, it remains up to the clinicians how to interpret the predictions. The
predictions are based on the clinical courses of patients treated according to a
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more or less defined strategy. Therefore, it is impossible to predict the outcome
if the subsequent treatment strategy changes. If, for example, the survival of an
individual patient is estimated to be less than 24 months, it is not clear whether
the prognosis might be changed by using another therapeutic strategy. It can be
hypothesized that this patient might, for example, benefit from more a aggressive
treatment. However, it might also be possible that the survival is more or less
independent from the type of treatment and the patient rather undergo a symptom-
atic treatment than intensive therapy. KDD provide a means to analyze biological
structures, which have been thought to be too complex to understand, and to help
to individualize treatment with respect to the individual risk. Of course, their task
will not be to replace but to assist the clinician in therapeutic decisions in order
to optimize treatment strategies.
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G. Stathopoulos: I have two questions for Ian Smith or Stephen Johnston.
The first is how long should one wait to see a response? And, the
second is about the visceral metastases and their relation to age? Is
there a difference between a woman of 55 and 75.

Ian Smith: I will answer the first question on how long before one sees a
response. I do not think that is clinically such a critical question. The
key thing for clinical management is whether the patient is progressing
or not. But, providing the disease remains stable, then we know that is
of useful clinical benefit. The question of visceral metastases in rela-
tionship to age I will pass over to Stephen.
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Stephen Johnston:  I think the answer is that I am not aware of a break-
down in this sort of subgroups I have shown you of age. I would put
myself in a position in the clinic where age is one factor. However, I
think you also want to weigh up the other things we do in terms of
making a decision on endocrine therapy or chemotherapy. This is,
namely, the extent of the visceral involvement; whether or not they
have got symptoms; and what you judge to be the rate of progression
of that disease. For example, if you take a patient who clearly has got
liver metastases as the dominant site, she has an enlarged liver with
right upper quadrant pain and tenderness, is losing weight, is nauseous,
and has a slightly elevated gamma-glutamyl transpeptidase (GT). That
patient will benefit from chemotherapy far faster and easier than from
endocrine therapy. Now, if you take a patient who has got liver as the
dominant site, but has two to three lesions of about 2�3 cm in size,
with no symptoms, steady weight, and you judge that the rate of change
has been relatively slow with a normal liver function. If that patient has
got other features that suggest she is suitable for endocrine therapy,
namely, a tumor that is originally estrogen receptor (ER) positive, and
a long disease-free interval of several years before relapse, then I think
it is very suitable that such patients have endocrine therapy first. We
have just demonstrated that in trials a third of them can respond. And,
I have many clinical examples and slides of patients with large liver
lesions shrinking away using endocrine therapy alone. So, I do not
think that age is the sole factor. I think it is a clinical judgment that you
make in the consulting room.

Carsten Rose:  Ian, could you try to refresh my memory? You showed us
these interesting data comparing anastrozole with tamoxifen. Isn�t it
true that there were no significant differences within the two trials
concerning time to progression (TTP), and that it was only when you
added up the figures that you came up with a significant benefit?

Ian Smith:   Thank you very  much  for  bringing up  the  topic,  because
Mitch,  who constantly keeps me right, pointed out that I actually
gave the data the wrong way around. I didn�t realize that at the time
I was doing it. It is the American trial that is mainly ER positive,
which shows the difference in time to disease progression. Ninety
percent of these patients were ER positive. The European trial is the
trial that does not show any difference. As you might anticipate, the
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European trial had more patients where ER was unknown�I sup-
pose that is because there are British patients in amongst them�
there are only about 45% where the ER was positive. So the differ-
ence at present in TTP is in the American trial, not the European, but
if you take the patients that are ER unknown out of the European
trial, you see a similar trend in the TTP. I still have not answered your
question about the survival differences. I am actually not aware of
up-to-date details on whether there are survival differences. Maybe
somebody else on the panel�Mitch do you know?

Mitch Dowsett: Could I just make a couple of points about these data?
Firstly, although they are obviously very exciting data, I do not think
we should spend a lot of time with them, largely because they are very
immature and very early data. There is one particular point I have
taken from it�if you look at the time to progression in the American
trial, it is only between 5 and 6 months. The median time to progres-
sion for tamoxifen in the European study which has more ER negative
in it, is in fact between 8 and 9 months, which is rather surprising. I
know they are two different trials�which may explain the difference.
I think we need a lot more time for these trials to become mature
before we rely on them very much.

Nam-Sun Paik: I have a question for Dr. Dowsett. Tamoxifen has a bone-
preserving effect, but aromatase inhibition does not have a bone-pres-
ervation effect. Is there any necessity to preserve the bone?

Mitch Dowsett: There really are not any substantive data as yet on bone-
preserving effects. We have recently done some work from a pri-
mary medical treatment study of vorozole versus tamoxifen, and
bone biomarker analyses within that. We can see quit distinct dif-
ferences in the bone biomarker analyses after 3 months, i.e., with
tamoxifen we see a suppression of the cross-laps, which is an index
of bone resorption, and that is therefore consistent with the preser-
vation of bone mineral density that we see with tamoxifen. We only
had a very small number of patients who were on the aromatase
inhibitor. They clearly did not show a suppression of the index; nei-
ther did they show a very marked increase. So, whilst those data
would indicate, as we would expect, that you are not getting bone
preservation with the aromatase inhibitor, there does not seem to be
a marked exacerbation in bone loss. These are relatively early
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studies�we will get a lot more data of that type from the ongoing
trials.

Nam-Sun Paik: To Dr. Harvey. In the case of a survey, positive Her-2/neu
expression cannot be expected to be a good effect. Even in the nega-
tive survey would you recommend a cyclophosphamide, methotrex-
ate, 5-fluorouracil (CMF) regimen?

Harold Harvey: The prediction of Her-2/neu expression of resistance to
CMF is suggested in the literature. My own review, however, suggests
that there really is not enough evidence absolutely to conclude that in
patients who have Her-2/neu expression, they should be denied CMF.
I think the evidence that they should be given an anthracyclin is some-
what stronger. That would be the interpretation I would use.

Nam-Sun Paik: I have a question for Stephen Johnston. For good effects,
what kind of drug do you recommend in case of a bone metastasis?

Stephen Johnston: Traditionally, endocrine therapy has been the mainstay
in the management of patients with bone metastases, and I think it
continues to remain so. Nothing has emerged from the data with the
aromatase inhibitor trials to change that precept. However, what has
emerged is increasing data on the role of bisphosphonates in addition
to endocrine therapy. There are at least two or three randomized
trials now where either chemotherapy versus chemotherapy with
bisphosphonates or endocrine therapy versus endocrine therapy with
bisphosphonates have shown the benefits of adding a bone-preserv-
ing agent. I think that the algorithm that Dr. Harvey showed is useful
in helping to delineate that, particularly in patients who were ER nega-
tive, progesterone receptor (PgR) negative, and failed endocrine
therapy should certainly move on to the bisphosphonates. Whether
you should be combining them right up front in a patient who has got
just bone metastases, who otherwise is suitable for endocrine therapy,
I think that in the terms of UK management, this is an area where
practice varies. I do not know what it is like in the United States.
Traditionally, we have still gone with our second-line endocrine agent
of choice, and we still get very long time to progression, response
duration, and control with aromatase inhibi- tors in that setting. How-
ever, I think there are no randomized trials with the new potent inhibi-
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tors versus those with bisphosphonates. I do not know what practice
in the United States is like.

Harold Harvey: I agree with what you said, Dr. Johnston. The tendency,
however, is to use bisphosphonates earlier rather than later, and then
they are only adjunctive. Except in the studies we did very early on to
assess bisphosphonates, where patients did not receive any antitumor
therapy, all patients with bone metastases are in fact receiving either
chemotherapy or endocrine therapy, and the bisphosphanate is clearly
adjunctive�better used early rather than late. And, better used until
such time as the patient is no longer at risk, in your view, from some
skeletal morbidity.

Henning Mouridsen: Just referring to the presentation by Ian Smith. You
mentioned the first-line studies�I do not understand why you call
them first-line studies, because the majority of patients have had
tamoxifen already in the adjuvant situation. Isn�t that right? And in the
future, the majority of patients who relapse will have had adjuvant
tamoxifen already. So, this gives rise to the question, which treatment
therapy (antiestrogen or an aromatase inhibitor) do you choose after a
treatment-free period of say 6 months or 2 years?

Ian Smith: Well, certainly first-line means in general first-line for meta-
static diseases. Of course, you are right, a lot of patients have had
adjuvant tamoxifen. In terms of the specific question you ask, these
trials are difficult to run, nowadays, for all the obvious reasons. Steve
has had some practice in that. I am not aware of the answer to your
question of what is the duration of treatment, whereby you can say it
is short�tamoxifen will not work�or it is a long time and, therefore,
tamoxifen will work.

Stephen Johnston: You have raised a valid point. I think the entry criteria
in a lot of these current studies dictate that you have to have at least
a 12-month free interval at the end of adjuvant to tamoxifen before
rechallenging. I am aware of one previous publication by Hyman Muss
several years ago, where he actually looked at the interval. At that
stage, they were rechallenging with tamoxifen. And, if I can recall
correctly, I think, provided that the patient had at least 18 months or
more, then the chances of responding to tamoxifen again
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was still high. I think the generation of trials has therefore taken an
arbitrarily 12-month cut-off. But, I do not think there is any clear
proper data on the best interval. I certainly think that, if the patients
are relapsing within 6 months, we will not rechallenge with tamoxifen,
but we would go straight to aromatase inhibitor. But, in the studies of
tamoxifen versus the selective estrogen receptor modulators (SERMS),
one of which I have been involved in running, which is difficult actu-
ally to do, they have chosen at least a year, if not longer, to maximize
the chance of response. But, your point is well taken. There are not
necessarily very good data to tell us what that interval should be.

Ian Smith: I think there is an additional issue here, Henning, which is in-
creasing. We are in an area where we treat patients with tamoxifen for
5 years, whereas a lot of patients in these trials may have been on
tamoxifen for considerably less than that. So, even if we have an an-
swer for what the duration should be, if you have been on for 1 or 2
years, it may be a very different story than if you have been on tamoxifen
for 5 years, and it is beginning to act as an agonist.

Mitch Dowsett: Can I just extend that for a second: Henning, are you really
saying that these trails are unfair to tamoxifen?

Henning Mouridsen: Yes, that was what I meant. I think they are unfair
to tamoxifen, and I would be very surprised if the aromatase inhibi-
tors were not superior to tamoxifen in these trials. But, let us see the
data.

Mitch Dowsett: So, presumably you would be looking with keenness to
the neoadjuvant studies, where patients will be randomized to first-
line treatment.

Ian Smith: The only thing, Henning, is that the tamoxifen versus the
aminoglutethimide trial certainly was a front-line. Nobody had had
adjuvant tamoxifen then. Now the numbers are very small. But, the
results seemed to be pretty identical. We have data that third-genera-
tion aromatase inhibitors are clinically more effective than
aminoglutethimide. So you could extrapolate that; at least it is plau-
sible through these two observations that third-generation inhibitors
might be more effective than tamoxifen. I agree with you about
overinterpreting the data, but it is a plausible hypothesis.
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Mitch Dowsett: I would just like to finish that off, because I think that in the
trials we have just alluded to on anastrozole, about 40% of the patients
had had prior adjuvant therapy, and this was not necessarily endocrine
therapy. So, it does leave us 60% of the population that were receiving
treatment for the first time. I think in many of those cases, these pa-
tients were presenting with locally advanced disease. So, they may be
powerful enough to give a valid comparison of tamoxifen and the in-
hibitor. Hopefully, when we get the letrozole study data, this will be
the case there as well.

William Miller: I wonder whether I could ask two separate questions. The
first question really relates to the correlation between efficacy of estro-
gen suppression and clinical response in advanced disease. I guess the
whole panel would back the theory that, as we have progressed from
first- to third-generation inhibitors, we have seen an increase in effi-
cacy of estrogen suppression, and that is related in general with the
improved clinical efficacy. But there was a mention, especially in Ian
Smith�s talk as to efficacy differences between doses of individual
aromatase inhibitors. Certainly, with letrozole there is the impression
that the higher dose of 2.5 mg seems to be more efficacious clinically
than the 0.5-mg dose. I wonder whether the panel could confirm how
strong the data are, if indeed this is the case, is this a reflection of an
increased efficacy of estrogen suppression, or do Mitch Dowsett�s data
actually show that there is very little difference between the two doses?

Mitch Dowsett: In terms of the plasma estrogen suppression, I think the
effects the two letrozole dosages are entirely indistinguishable. But,
the main reason for that is we are below the detection limit of even
the most sensitive assays. Once we go on to the aromatization data,
there is just a suggestion�we did not have enough patients�that
the 2.5 mg was marginally more effective than the 0.5 mg, but again
we get into the very limits of the detectability of that assay. So, there
are two potential explanations. If we accept that 2.5 mg is clinically
more effective than 0.5 mg, one explanation is that this tiny residual
mass of estrogen is important. As I showed you, the estrogen-depri-
vation curves indicate that even I fmol/L of estradiol can stimulate
proliferation of estrogen-deprived cells. So there may be very tiny,
but significant, differences between the estrogen levels in these pa-
tients which we cannot detect. The second possibility is
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that we are affecting other signaling pathways. To date, they have
not been identified. We need to be cautious that there may be some-
thing there that the higher dose is affecting which the lower dose is
not.

Ian Smith: As far as the clinical data are concerned, the evidence that the
2.5 mg of letrozole is better than 0.5 mg is every bit as compelling as
the evidence that letrozole is better than megestrol. So we accept
that letrozole is better than megestrol, so I think in that sense we have
to accept that dose-response data. The fact that there is a second
trial against aminoglutethimide that also shows the effect gives more
credence. Conversely in the anastrozole trials, there is absolutely no
suggestion of dose-response effect between 1 and 10 mg. So it is
very interesting, but I think one must not create too much in a way of
a hypothesis to exchange this without further confirmatory data, per-
haps from other studies or trials as they emerge, if indeed such data
are around. Because there is this conflict in the literature between
the two agents, and I think there is still a question mark over whether
there really is a dose-response effect.

William Miller: Can I ask my second question, and that is really, I guess to
Steve Johnston, because he presented some quite interesting data which
suggested that response to letrozole may not be too different in pa-
tients who have or have not had a previous response to tamoxifen. I
guess my basic question is: Can you give us some explanation for the
mechanism of these beneficial effects of an aromatase inhibitor in pa-
tients who evidently have not responded initially to tamoxifen? There
is also a supplementary question. In the same slide, unless I misread
your data for megestrol acetate, although the response rate was lower
compared with letrozole, again there did not seem to be a difference
between patients previously responding to tamoxifen and those who
did not. In fact, if I remember rightly, there was a 15% response rate in
patients who have not previously responded to tamoxifen and only
10% in those who have. What is the explanation for it?

Stephen Johnston: That particular slide is basically taken from the three
published trials, all of which have attempted to do subgroup analysis
looking at prior response to tamoxifen, and putting them on one slide
to see what the overall message is. The more I look at
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this slide�and I was looking at it last night, because I knew that
would be an area that people would pick up on�the more I get con-
fused about it. This is because clearly in the letrozole study the re-
sponse rate is around 30% irrespective of prior response to tamoxifen.
However, that does not appear to be a persistent trend in the trials,
and as you rightly point out, the megestrol arms do not necessarily
appear to show the differences either. So, I think we have to be rela-
tively cautious in overinterpreting those data. The only reason that I
highlighted it was to take the point further in terms of mechanisms
and to suggest that we know that the response rate to tamoxifen in
advanced disease may not be greater than 60%�even if you select
ER positive�and there are a lot of reported mechanisms as to why
that may be the case. Furthermore, you may have patients with ER-
positive disease, who for various reasons specific to tamoxifen, do
not show a response. However, when you give them an aromatase
inhibitor, if they are truly dependent on estrogen through an ER path-
way, then universally you would expect them logically to respond to
the aromatase inhibitor. Again, I think the only way of actually dem-
onstrating that in a clearer way will be in the neoadjuvant setting.
Mike Dixon�s data, again nonrandomized, compare the response rates,
but the tamoxifen response rate is also only about 60%. This is, in
terms of percentage reduction, this is not the overall response rate;
that is, how much tumor shrinkage you get. It is actually greater with
the aromatase inhibitors. But, I think in the frontline trials versus
tamoxifen or even in the neoadjuvant you will be able to see if there is
really a true difference in terms of nonresponders. What you ideally
would like to do is a cross-over design in that setting. You would like
to take the nonresponders to tamoxifen in the first-line study and cross
them over to an aromatase inhibitor. I think Ian did that originally with
the aminoglutethimide trial, and found evidence that it worked the one
way but not the other way. Is that right?

Ian Smith: The crossover supported Steve�s data, that there was more
cross-over response to aminoglutethimide than other agent. But, the
numbers were very small.

Harold Harvey: Mr. Chairman, I would like to return to the question of
dose with letrozole. I think Ian Smith is correct that we have to be
careful of not forming too many strong hypotheses on a fairly
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small body of data. I was also very surprised, however, by your re-
sponse Dr. Dowsett. You said it could be explained by different path-
ways. Well surely, an equally tenable hypothesis is that the difference
could be explained on not only plasma suppression, but on an effect on
the intratumoral target of aromatase. But, I would like to know whether
either Dr. Bhatnagar or Dr. Brodie or you yourself has data suggesting
that there is a dose-response effect that can be related to the amount of
estrogen production suppression by the tumor, not simply measure-
ment of the plasma levels?

Mitch Dowsett: It is quite a demanding question to answer. The hypoth-
esis I am drawing about other pathways is really based on a com-
pletely different type of drug which was developed for prostatic can-
cer. It was found that this drug which was expected to inhibit andro-
gen synthesis did that, but it was found to be as effective in androgen
receptor�negative prostatic tumors as it was in androgen receptor
positive. Further exploration led to the discovery that this was actu-
ally a retinoic acid metabolism inhibitor. Also, I think that the lesson I
went through at some length at the start of my talk today about
aminoglutethimide is relevant�that was used as an antiepileptic, but
was found to be an adrenal suppressant. And then, finally, we think
now that it is aromatase inhibitor. So, I think especially when we use
these drugs at relatively high dosages, they may have an impact on
other pathways we do not expect. Nonetheless, my preferred hy-
pothesis would be that it is actually a dose effect on estrogen.

Ajay Bhatnagar: I would like to look into the future a little bit with the
panel. I think it has been very clear from all the talks given today
that the aromatase inhibitors are established as second-line agents
in advanced breast cancer. As the trials go along, they will move
along up the scale to first-line, and then into early breast cancer. I
think that in the short-term you will see a great deal of sequential
treatment, but always after tamoxifen. And I have a question for
Mitch and to the rest of the panel. The drug-interaction studies
that we did with letrozole and with anastrozole are obviously rel-
evant to a combination situation where you competently adminis-
ter both drugs at the same time. Do you think that the data from those
sorts of drug-interaction trials are relevant to the sequential situation,
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where you, for example, will stop tamoxifen treatment and start treat-
ment with one of the new agents? Or will we have to do new types of
studies to show that there is an interaction between the waning levels
of tamoxifen with the increasing levels of the new aromatase inhibitors
that are going to come after them?

Mitch Dowsett: I do think they are relevant. The clearance of tamoxifen
from the tissues as patients come off tamoxifen is a very prolonged
event. Ernst Lien measured tamoxifen in metastases of patients after
they had come off tamoxifen, and found that he could measure
tamoxifen, I believe, in a brain lesion over a year after the patient had
ceased tamoxifen. So, yes, the effects of tamoxifen can be prolonged.
We had to cater for this in our endocrine studies: for example, catering
for the clearance of a tamoxifen effect on the SHBG, and the effect on
gonadotrophins, etc. So, relevant? Yes, but significant? I am not so
sure. The difference we are talking about with letrozole, for example,
is about 35%. As far as we are aware, it is an effect which is consistent
across the patients. So, this essentially reduces the dose of letrozole
from 2.5 mg to 1.5 mg per day, and therefore, as we have already
been saying, we would expect still to get very profound estrogen sup-
pression. So whilst it is relevant, it is questionable whether it is signifi-
cant.

Ajay Bhatnagar: The reason I asked that question was because most of the
trials that were reported on either by Ian or Steve have many many
patients where treatment with aromatase inhibitor starts immediately
after cessation of tamoxifen. And, we still get�as they all showed�
very good efficacy in terms of response rates, duration of response,
and everything else. So, the question I asked was relevant, because,
despite the fact that we see these sorts of drug interactions, we see
extremely good efficacy with these agents immediately after tamoxifen.

Ian Smith: To be provocative slightly, can I challenge the premises on
which you imply that for a considerable time to come we are still
going to be using tamoxifen as first-line treatment. The thing that
strikes me about all these trials is that, if you look at response during
all the older studies of tamoxifen and aminoglutethimide, you come
out to a figure of round about 18 months median. And if you look at
response duration in the third-generation of aromatase inhibitors,



96 Panel Discussion 1

 you come out with a figure of around 24�30 months. In one trial that
has been done that I think is relevant so far, where you compare an old
treatment with a new one, i.e., letrozole with aminoglutethimide, you
get complete confirmation of that. You have a median duration of 24
months versus 15 months. The vorozole trial did not show such a big
difference, so there is a bit of a question mark there. But, if it is true�
and there is a lot of circumstantial evidence that it is true�then it is
hard for me to believe that this is not going to be translated into adju-
vant therapy. And, therefore, I think it is quite possible that the trials of
adjuvant therapy may show an advantage here. The problem I predict
will be with bone, as we will have to work out ways of protecting it.

Mitch Dowsett: Can I ask a question of Dr. Wischnewsky? One of the
things that struck me today listening to various presentations here is
the attempt to explain differences on the basis of heterogeneity of the
population. Well, you took a sophisticated and new approach to that.
I think there are at least three possible applications�one would be
just in learning and interpreting the data we are getting, and I think
that was the one you were focusing on. But, do you believe we will
be able to use the data in improved design of trials? And secondly, do
you think we will be able to use the data for enhancing the reliability
of understanding in a way that is acceptable to regulatory authorities?

Manfred Wischnewsky:  Yes, these are three questions.

1. Learning and interpreting data from clinical trials?
Machine learning (ML) or automatic knowledge discovery in data-

bases (KDD) is generally taken to encompass automatic procedures based on
logical or binary operations that learn a task from the data of clinical trials.
The corresponding data mining tools can answer questions that traditionally
were too time consuming to resolve. They scour databases for hidden pat-
terns, finding predictive information that experts may miss, because it lies
outside their expectations. New knowledge is recognized by such a discovery
system via the autonomous use of evaluation criteria. From a practical point
of view, KDD is:

a. A means of engineering rule-based systems (expert systems)
from sample cases volunteered interactively.
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b. A method of data analysis whereby rule-structured classifiers
for predicting the classes of newly sampled cases are obtained
from a training set of preclassified cases.

As a means of data analysis, KDD delivers an optimal set of predic-
tor variables to answer a question in an ordering of decreasing importance.
Furthermore, the automatically generated knowledge represented by deci-
sion trees or rules shows the various correlations of the predictor variables.

2. Are we able to use the data derived by these machine learning
techniques in improved designer trials?

Randomized trials without additional stratification afford, in most cases,
large numbers of patients in order to be representative and to derive a statis-
tical model with a predefined accuracy. Using the results of the type of auto-
matically generated decision trees presented in my talk, we are able to design
new clinical trials in a more efficient and economical way, since the necessary
information (minimal number of patients in subgroups, the proportions of the
subgroups, the estimated risk rates, etc.) can be derived from decision trees
(it is like looking at the landscape from the top of a mountain). This leads to
a knowledge-based design of trials.

3. Are we able to predict the outcome of patients?
The oncological maps (visualizations of Kohonen nets; each map rep-

resents a parameter) allow not only to get a more or less complete overview
of the patient�s situation in connection with a therapy strategy (e.g., aromatase
inhibitors as second-line therapy in advanced breast cancer) but allow at the
same time to predict any of the parameter values (response, time to treatment
failure, overall survival, etc.) from the set of given parameters. A set of given
parameters characterizes a subgroup of patients. This subgroup is represented
as an area in the oncological maps characterizing a certain area in each map.
The corresponding possible values for the dependent variables (response,
overall survival, etc.) can be read immediately from the corresponding maps
for response.

Harold Harvey:  The question to my colleague, Dr. Wischnewsky, has to
do with the body mass index (BMI). Some years ago I was explain-
ing to a group of medical students the biology of aromatase. I was
asked why don�t we change the dose for very overweight pa-
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tients. And I said, �Gee that is a good idea.� I would like to know
whether clinicians in the audience in general use a different dose of
aromatase inhibitors based on body mass index. And I ask you specifi-
cally if indeed in your models that was truly an important finding?

Manfred Wischnewsky: The body mass index does not belong to the group
of the most important predictor variables for clinical outcome like the
variables dominant site of metastases or number of different ana-
tomical sites for metastases. But when you look at subgroups, then
the body mass index is clearly a significant parameter to discriminate
responders from non responders. Let me give just some examples for
the influence of the body mass index BMI (BMI < 30 kg/m2 (= BMI-
Normal) and BMI ≥ 30 kg/m2 (= BMI-High) in connection with the
FEMARA study AR/BC2: letrozole 2.5 mg: viscera (BMI-N: response
rate (RR) = 37.9%; BMI-H: RR = 6.7%) or bone (BMI-N: RR =
30.0%; BMI-H: RR = 6.7%). For soft tissue, we find no difference
(BMI-N: RR = 65.5%; BMI-H: RR = 76.4%; P = .43). Similar re-
sults are valid for megestrol acetate. For example, patients aged be-
tween 56 and 72 (RR = 40.5%) and soft tissue metastases (RR =
63.3%): BMI-N (RR = 78.9%), BMI-H (RR = 36.4%), or viscera:
(RR = 26.9%): BMI-N (RR = 28.6%), BMI-H (RR = 20.0%); the
mean time to progression in this study for responders was 604 days
for patients with BMI-N and 511 days for patients with BMI-H.

Thus, the conclusion would be that certain subgroups of ABC pa-
tients, in particular those with visceral or bone metastases treated with
aromatase inhibitors as second-line therapy, seem to show significantly
higher response rates and longer time to progression if the body mass
index is normal (BMI < 30 kg/m2). This can imply that the dose for
patients with a high body mass index has to be increased. An in-depth
analysis with data from other clinical trials with aromatase inhibitors
should be done.

Arnold Verbeek: A last question for Dr. Harvey. You have given a very
nice presentation of chemotherapy and hormonal therapy. In the cur-
rent metastatic setting, patients either receive hormone or chemo-
therapy or a sequence of either. Could you give some thoughts, if in
the future, we ought to combine chemotherapy with hormones?
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Also looking at very durable responses in patients with visceral dis-
ease, who normally would be treated with chemotherapy?

Harold Harvey: In the interest of time, I did not discuss that. I did try to
look at the literature, but it is very confusing. I did not find anything to
change the usual teaching that for most patients there is very little to be
gained in combining chemotherapy and endocrine therapy in the set-
ting of metastatic disease. You might see an initially slightly higher
response rate, but there are no good studies to show that there is an
ultimate benefit in using combined therapy compared to using these
modalities in sequence. However, there were a couple of articles that
talked about instances where you might combine therapies�and that
was when you needed a quick response. An example would be a pa-
tient with bone marrow involvement in whom you could not give full-
dose chemotherapy, but you had the idea she might have a hormone-
dependent tumor, and you would not want to wait 12 weeks to be sure
she responded. The problem is that the data in the literature are not
good, and I think you end up relying on clinical experience. I seldom
do it except for certain special circumstances.

Arnold Verbeek: Should we consider giving hormone therapy to patients
who withdraw from chemotherapy because of tolerability problems?

Harold Harvey: Absolutely, in that little survey we did in our patients after
we treated them. These patients expressed this often as a preferred
therapy: �I wish you would have given me that little pill a little earlier,
and I wouldn�t have lost my hair, I would not have vomited, and per-
haps I would not have been any worse off.�
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Neoadjuvant Endocrine Therapy

J. M. Dixon
Western General Hospital
Edinburgh, Scotland

I. ABSTRACT
Few studies have evaluated neoadjuvant endocrine therapy. The first group studied
were elderly patients who were given tamoxifen. Although 60�70% of patients
with estrogen receptor (ER)�positive tumors responded, benefits in some pa-
tients were short-lived, and of those patients kept on tamoxifen for long periods,
only 30�40% sustained response beyond 2 years. The high percentage of initial
responses stimulated some groups to give tamoxifen for 3 months before surgery
in selected postmenopausal large operable or locally advanced ER-positive breast
cancer. Results of these studies have shown significant reductions in volume over
3 months, with over 70% of patients suitable for breast conservation at the end of
the treatment period. More recent studies using aromatase inhibitors in neoadjuvant
therapy have shown responses at least as good as those with tamoxifen, with even
higher rates of conversion from mastectomy to breast conservation. Data from
patients treated with letrozole suggest that less extensive surgery does not com-
promise local control providing it is followed by appropriate radiotherapy. Fur-
ther studies of endocrine therapy are clearly warranted, and the results of a ran-
domized study comparing letrozole with tamoxifen in large operable and locally
advanced breast cancer are awaited with interest.
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II. INTRODUCTION
In patients with large operable or locally advanced breast cancer, successful
neoadjuvant therapy has the potential advantage of down-staging the primary tu-
mor and permitting a more conservative and less extensive surgery (1). Although
studies to date have concentrated principally on neoadjuvant chemotherapy, a few
groups have evaluated neoadjuvant endocrine therapy in hormone-sensitive, large
operable or locally advanced breast cancer (2�4). Substantial reductions in tumor
volume over a 3-month period have been recorded in hormone-sensitive tumors
with agents such as tamoxifen, aminoglutethimide, and 4-hydroxyandrostenedione
(4-OHA). Although limited data are available to date on the use of
aminoglutethimide or 4-OHA in the neoadjuvant setting (2,5) the newer synthetic
aromatase inhibitors have now superseded these agents. One of these is letrozole
(4.4'-[1H-1,2,4-triazol-1-ylmethylene] bis-benzonitrile), a synthetic achiral
benzydrytriazole derivative. It is an orally active agent and a highly selective com-
petitive inhibitor of the aromatase enzyme system (6). In Phase III studies in post-
menopausal women who had either relapsed on adjuvant therapy or who had pro-
gressed during antiestrogen treatment for metastatic disease, letrozole at a dose
of 2.5 mg produced a significantly better response rate in advanced breast cancer
than megestrol acetate (2,7). In a second Phase III study, letrozole 2.5 mg re-
sulted in a significant survival benefit in patients with advanced breast cancer com-
pared with aminoglutethimide (8). Anastrozole is another well-tolerated oral
aromatase inhibitor. A combined analysis of two large randomized trials in post-
menopausal women with advanced breast cancer who had failed on tamoxifen has
shown that 1 mg of anastrozole significantly increases survival time compared
with megestrol acetate at a mean follow-up of 31 months (9). Another aromatase
inhibitor currently undergoing study is exemestane, a steroidal aromatase inhibi-
tor. There are few published data using any of these newer agents in the neoadjuvant
setting.

Primary endocrine therapy has potential theoretical and practical advantages
over chemotherapy. Inhibition of estrogen-stimulated enzyme release (e.g., plas-
minogen activator and collagenases) may reduce tumor cell shedding. In addition,
there is strong evidence that estrogen withdrawal not only reduces growth factor
synthesis, but also disrupts the function of a number of other growth factors (10,11)
and hormone receptors and/or their second-messenger signaling pathways (12�
14). Although there are only four randomized trials of preoperative endocrine
therapy, there are least 12 small Phase II studies (15�29). This chapter looks at
the results of these trials and presents new data on two series of patients treated
with neoadjuvant letrozole and anastrozole.

III. RANDOMIZED TRIALS
There have been four randomized trials of primary endocrine therapy (11�13,30).
In nearly all the trials, the major question asked was whether preoperative endo-
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crine therapy could avoid the need for breast surgery and whether survival would
be affected in relatively infirm and aged women. In two trials, tamoxifen therapy
and no immediate surgery was compared with immediate surgery and no tamoxifen
(13,30). In the other two trials, tamoxifen alone was compared with surgery and
tamoxifen (11,12). Unsurprisingly, time to local relapse was significantly shorter
in the tamoxifen alone arm in all trials. What is surprising is that in three of four
trials, the number of patients with distant relapse was slightly lower in the group
who had no immediate surgery. This contradicts findings from a more recent com-
bined analysis showing a significant reduction in deaths from breast cancer in
patients undergoing immediate surgery (31). Because these trials were designed
to address the question of whether delayed surgery is detrimental, it is not pos-
sible to use these studies to compare the value of a fixed period of primary endo-
crine therapy followed by surgery.

IV. PROBLEMS WITH ASSESSMENT OF RESPONSE
One problem with endocrine studies has been evaluating response to agents such
as tamoxifen. Response has generally been described using UICC criteria, but in
some studies, more accurate attempts have been made to assess response either
by measuring multiple diameters or assessing tumor volume using mammography
or ultrasound (32). Various studies have reported complete response rates from 8
to 58%, partial response rates from 15 to 75%, stable disease from 7 to 50%, and
progressive disease from 0 to 23% (15�29). The median duration of response to
tamoxifen was approximately 2 years in studies where it was reported (15,32�
34). However the duration in each category of response have been highly variable,
often prolonged, and may relate to how rigorously response was assessed.

V. SELECTION OF PATIENTS
In most studies, ER status was not measured, and thus an unknown proportion of
patients with ER-negative tumors have been treated. In the World Overview re-
sults, ER-negative tumor patients treated by tamoxifen show no significant advan-
tage in time to relapse or survival, and it is unlikely they will benefit from hor-
monal agents given preoperatively. In ER-positive tumors, however, complete and
partial response rates using tamoxifen have been much higher, ranging from 72 to
92% (2,5,16,35,36). These data emphasize the need to select patients with ER-
positive tumors for entry into preoperative endocrine trials.

VI. USE OF BREAST CONSERVATION AFTER
NEOADJUVANT ENDOCRINE THERAPY

The majority of preoperative endocrine trials have been performed in the elderly,
and they have not been designed to assess breast conservation. The prolonged
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time to response seen in some studies would suggest that primary endocrine therapy
is not suitable for this approach. However, as noted previously, some studies have
shown impressive reductions in tumor size within 3 months of starting endocrine
therapy (2,5,16,31).

VII. NEW DATA USING NEOADJUVANT AROMATASE
INHIBITORS

In Edinburgh, we have performed a number of detailed studies using neoadjuvant
endocrine therapies. Data from three of these groups are presented here. All pa-
tients were postmenopausal, with ER-positive breast cancers (>20 fmol of recep-
tor/mg cytosol protein) or a histoscore of >80 (histoscore calculated by multi-
plying the percentage of cells staining by the intensity of staining graded from 0
to 3) (37). Only patients with large operable breast cancers or locally advanced
breast cancer without evidence of metastases were included, T2> 3 cm, T3, T4b,
N0�1, and M0. Patients were M0 on the basis of normal biochemistry and no me-
tastases on a chest radiograph or bone scan. Patients with inflammatory cancers,
extensive peau d�orange, and satellite nodules were excluded.

A. Tamoxifen Patients
Sixty-five patients (aged 59�88 years) were treated as part of a standard protocol
within the Edinburgh Breast Unit. All women took tamoxifen at a dose of 20 mg
per day, with data on some of these patients being previously published (5).

B. Letrozole Patients
Twenty-four postmenopausal patients (aged 61�87 years) were treated in sequence:
The first 12 received 2.5 mg letrozole and the second 12 were treated with 10 mg
letrozole. Estrogen receptor levels varied from 40 to 890 fmol/mg cytosol pro-
tein, and histoscore levels ranged from 140 to 300 in all these patients.

C. Anastrozole Patients
Twenty-four postmenopausal patients were treated with anastrozole 1 or 10 mg
per day in a randomized study. Histoscore levels ranged from 120 to 300 in these
patients. Although it was known which patients were treated with 1- or 10-mg
doses, the data are presented for the whole group. All the patients treated were ER
positive. One patient withdrew because of side effects, and only 23 patients were
therefore assessible.

D. Tumor Size Measurement
At the outset of the study, all tumors were measured clinically in four different
directions, 45 degrees apart, and the tumor volume calculated using the formula
(31):



where V is the volume and D is the mean diameter.
Patients also had mammograms prior to any treatment, and by measuring the

lesion on the oblique and craniocaudal mammogram views, four diameters were
obtained. The mean diameter and tumor volume were calculated using the same
formula as for clinical measurements.

Patients also had an ultrasound scan at the time of diagnosis. Four scans were
performed 45 degrees apart across the tumor and its volume estimated according
to the following formula:
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where V is the volume, D is the mean diameter, and d is the mean thickness.
Patients were treated for a total of 3 months following an initial wedge biopsy

to obtain tissue samples to confirm the tumor�s ER type and enable further bio-
logical studies. At the end of the 3-month period, patients treated with tamoxifen
were assessed and those deemed operable were treated surgically.

During the 3-month study period patients were monitored at monthly intervals
and had clinical and ultrasound volumes calculated at 1, 2, and 3 months. Mammo-
graphic volumes were calculated on an initial and a second mammogram performed
at the end of the study period; percentage change in volume was then used to
assess response to therapy. Percentage change in volume was used in preference
to UICC criteria, which requires a 50% reduction in the product of two diameters
persisting for at least 1 month; an impractical measure in a 3-month trial.

Patients were only given letrozole or anastrozole if it was deemed that they
would be operable after the 3-month treatment period. The extent of surgery was
decided after neoadjuvant therapy based on whether breast conservation or mas-
tectomy was needed to excise adequately the remaining tumor. All patients who
received letrozole or anastrozole were surgically treated. Following surgery, the
need for additional local or systemic treatment was dependent on the extent of
the disease in the breast and any axillary node involvement.

VIII. RESULTS OF STUDIES WITH TAMOXIFEN AND
AROMATASE INHIBITORS

The number of patients in the three groups who had a reduction in tumor volume
by more than 50%, as assessed by ultrasound, is shown in Table 1. Only 2 patients
had progression during treatment: 1 from the 65 tamoxifen patients and 1 from
the 24 letrozole group. Thirty (46%) patients in the tamoxifen-treated group, 21
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TABLE 1 Median Percentage Reductions in Tumor Volume as Assessed by
Ultrasound

No. with <50%
No. of No. with reduction or No. with

Drug patients >50% reduction increase <25% >25% increase

Tamoxifen 65 30 34 1
Letrozole 24 21 2 1
Anastrozole 23 18 5 0

(88%) from the letrozole group, and 18 (78%) from the anastrozole group had
greater than 50% reduction in tumor volume.

A. Changes in Tumor Volume

1. Letrozole
Individual letrozole-treated patients� changes in tumor volume, based on clinical,
mammographic, and ultrasound assessments are shown in Figures 1 and 2. There
was no significant difference between letrozole 2.5 mg and letrozole 10.0 mg.
The median percentage reduction in volume, assessed by ultrasound, was 81%
(95% CI 69�86).

2. Anastrozole
Individual patient data are not shown, but there was no significant difference be-
tween 1 and 10 mg of anastrozole. The median reduction in tumor volume on

FIGURE 1 Percentage reduction in tumor volume as assessed by clinical examina-
tion, mammography, and ultrasound in patients receiving 2.5 mg letrozole daily.
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FIGURE 3 Reduction in tumor volume in patients receiving letrozole, anestrozole,
and tamoxifen.

FIGURE 2 Percentage reduction in tumor volume as assessed by clinical examina-
tion, mammography, and ultrasound in patients receiving 10 mg letrozole daily.

ultrasound was 75.5% (95% CI 51�79). This is almost identical to that seen with
letrozole.

3. Tamoxifen
The percentage median reduction in ultrasound volume with tamoxifen was 48%.
Data comparing the percentage reduction in tumor volume, as assessed by ultra-
sound, in the 65 tamoxifen patients, 24 letrozole patients, and 23 anastrozole
assessible patients are shown in Figure 3.

B. Treatment Outcome of Patients
In the tamoxifen group, 41 of 65 patients were considered to require mastectomy
prior to treatment. At the end of 3 months, 15 required mastectomy, 2 continued
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TABLE 2 Surgical Outcomes

No. having breast
No. requiring No. having Mx at the conservation at the

No. of Mx prior to end of 3 months end of 3 months No. having
Drug patients hormonal therapy hormonal treatment hormonal therapy no surgery

Tamoxifen 65 52 18 38 9
Letrozole 24 15 0 24 0
Anastrozole 23 15 2 21 0

Mx, mastectomy.
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on tamoxifen, and 2 had radiotherapy (Table 2). The remaining 22 patients subse-
quently underwent breast conservation. All 15 patients (of 24) who would have
required a mastectomy in the letrozole group underwent breast conservation after
3 months. In the anastrozole group, 15 patients were also considered to require
mastectomy at the outset. Subsequently, two patients underwent mastectomy; of
these, one had a very large tumor at presentation (the largest tumor in either the
letrozole or the anastrozole study group), and the second had a tumor in which
response was difficult to assess clinically. In this case, however, a later pathologi-
cal examination identified a localized area of breast cancer that would, in retro-
spect, have been suitable for breast conservation.

C. Control Rates Following Breast Conservation
Patients who received letrozole 2.5 mg and 10.0 mg have median follow-up peri-
ods of 4 years and 3 years, respectively. All the patients from the letrozole group
underwent breast conservation surgery. In the 2.5-mg group, seven patients had a
wide local excision only, continuing on letrozole after surgery, and five patients
had a wide local excision followed by radiotherapy and continuation on letrozole.
Three of the letrozole 10.0-mg group had a wide excision and continuation of
letrozole after surgery, and nine patients had a wide excision combined with ra-
diotherapy. Two patients in the 10-mg group also had postoperative chemotherapy
because of extensive nodal involvement.

Histology of the wide excision specimens demonstrated that all cancers were
completely removed. Ten patients, five each from the 2.5-mg and 10.0-mg dosage
groups, were node positive and 14 were node negative. There was one complete
pathological response in a patient treated with letrozole 2.5 mg, and three patients
had residual microscopic disease only; two in the 2.5-mg and one in the 10.0-mg
group.

To date, there have been two local recurrences; both from the 2.5-mg group
and in patients who did not have radiotherapy. Of these two patients, one had her
therapy changed to tamoxifen; her disease remains under control. The other pa-
tient was treated by a reexcission followed by radiotherapy, and she had no local
recurrence in the year following her second operation. Four of the 24 patients
have died from metastatic disease, one at 15, one at 18, one at 27, and one at 33
months.

IX. DISCUSSION
Primary endocrine therapy is potentially superior to primary chemotherapy in pa-
tients with ER-positive tumors. Antiestrogens, most notably tamoxifen and the
newer aromatase inhibitors letrozole and anastrozole, are major treatment options
for postmenopausal women with large ER-positive tumors (35,38). In addition
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to their clinical efficacy, these drugs have comparatively few side effects and are
well tolerated (39).

Tamoxifen has been frequently used to treat breast cancer in the elderly.
Although 60�70% of patients with ER-positive tumors respond to agents such
as tamoxifen, the benefits in some patients are short-lived, and it is estimated
that only 30�40% of patients sustain a response beyond 2 years (40). However,
those patients who do respond can have significant reductions in tumor vol-
ume within a 3-month period (5).

New data presented in this chapter have shown substantial reductions in
tumor volume both by tamoxifen, letrozole, and anastrozole. Although there
appears to be greater reductions in tumor volume with the newer aromatase
inhibitors, there are a number of possible explanations for this. The first is
patient selection; all patients treated by letrozole and anastrozole had very
high levels of ER, and all had potentially operable disease even at the outset of
treatment. This contrasts with some of the patients treated with tamoxifen, who
had tumors that were not even operable after 3 months of treatment, and these
patients may have had more biologically aggressive tumors. Second, tamoxifen
takes up to 5 weeks to attain steady-state plasma levels and to have its maxi-
mum impact; in contrast to letrozole and anastrozole, which both build up plasma
concentrations quickly.

Previous studies using neoadjuvant chemotherapy have demonstrated that
significant numbers of patients, even those with inflammatory breast cancer,
can have down-staging of their disease allowing breast conservation surgery
(41,42). In one series of 226 patients with breast cancer tumors larger than 3 cm
in greatest dimension who were candidates for mastectomy, 203 (90%) demon-
strated a reduction in tumor size following chemotherapy sufficient to justify
breast conservation surgery. Of these 203 patients, there were 12 local recur-
rences (5.9%) compared with five local recurrences in the 23 patients treated by
mastectomy. (21.7%). The mean follow-up in this study was 36 months. This
study suggests that breast conservation is safe following neoadjuvant chemo-
therapy. Results presented here have shown neoadjuvant endocrine therapy
produces reductions in tumor volume such that breast conservation is pos-
sible in a high percentage of carefully selected patients.

As the majority of patients treated with letrozole and anastrozole were eld-
erly and some were unfit for major surgery, postoperative radiotherapy was
withheld following an apparently adequate local excision in patients who had
negative nodes. In two of these cases, local recurrence developed. This con-
trasts to the absence of local recurrence in patients who were treated by wide
local excision followed by radiotherapy. In the patients who developed recur-
rences, one patient was considered unfit for further operation and was treated
by tamoxifen with a good response, and the other was able to undergo reexcision
followed by radiotherapy, and her disease remains under control.
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A potential advantage for elderly populations is that of neoadjuvant therapy
reduces the need mastectomy (in appropriate ER- and node-positive subpopula-
tion), which carries a significant mortality risk of approximately 1% (43). By
avoiding mastectomy and limiting surgery, patients are kept in hospital for shorter
periods of time, limiting the morbidity and mortality associated with operating on
such elderly patients.

There are potential weaknesses with the new data presented from Edinburgh.
All patients had a wedge biopsy prior to the start of drug treatment. Although the
aim was always only to remove 1 g of tissue, this still reduced tumor volume. The
biopsy may also have interfered with the tumor blood supply, which in itself could
produce a reduction in subsequent tumor volume. Although surgery produces lo-
cal swelling which can affect assessment of response, the swelling associated
with wedge biopsy appeared to settle quickly and was certainly not a problem at
the 3-month assessment of tumor size by mammography and ultrasound.

Both mammography and ultrasound proved particularly useful for assessing
tumor volume in this group of elderly patients. Data from the anastrozole patients
(not shown) comparing correlation between final volume assessed by the patholo-
gist and the volume assessed by clinical examination, mammography, and ultra-
sound demonstrated ultrasound was the best predictor of final pathological vol-
ume (44).

X. CONCLUSIONS
This chapter has demonstrated the efficacy of neoadjuvant endocrine therapy in
all studies conducted to date. Toxicity has been low, and in only one patient in the
recent studies performed in Edinburgh has the toxicity lead to cessation of treat-
ment. In the remaining patients, treatment was well tolerated. The reductions in
tumor volume seen with neoadjuvant endocrine therapy are not that dissimilar to
those seen with neoadjuvant chemotherapy (41). From a surgical perspective, the
ability to perform less mutilating surgery is obviously an advantage. Furthermore,
it does not appear that by performing less surgery there is any compromise in
local control�particularly if radiotherapy is given following wide excision. Fur-
ther studies of neoadjuvant endocrine therapy are clearly warranted, and the re-
sults of a randomized study comparing letrozole with tamoxifen in large locally
advanced and operable breast cancer are awaited with interest.
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I. ABSTRACT
Many of the endocrine treatment modalities with demonstrated activity in ad-
vanced breast cancer have been applied in the adjuvant situation. These include
ovarian ablation, additive therapy with diethylstilbestrol (DES) and
medroxyprogesterone acetate (MPA), aromatase inhibitor therapy with
aminoglutethimide, and competitive therapy with tamoxifen and toremifene.

Based on available data, tamoxifen given for 5 years is the established endo-
crine adjuvant therapy in patients with receptor-positive tumors either as a single
agent in postmenopausal patients or added to chemotherapy in premenopausal
patients. Although the data with tamoxifen are encouraging, continued research in
the field is needed to improve further the therapeutic outcome.

New endocrine modalities are now being tested in the adjuvant setting, but a
better understanding of the biology of breast cancer and a means to overcome
endocrine resistance are major prerequisites to achieve a dramatic improvement
of the prognosis of breast cancer.
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II. INTRODUCTION
Endocrine therapy has been used in advanced breast cancer since it was realized
that it was frequently a systemic disease. At the time of diagnosis, different endo-
crine modalities, which are active in advanced breast cancer, have been used as an
adjuvant in primary breast cancer.

This chapter summarizes the available data from randomized trials looking at
different endocrine modalities in the adjuvant setting and the criteria for patient
selection in current standard endocrine therapy and describe the design of some
major ongoing trials with different endocrine modalities in postmenopausal pa-
tients.

III. HISTORY OF ENDOCRINE THERAPY IN ADVANCED
BREAST CANCER

Endocrine therapy of advanced breast cancer was introduced in 1896 when Beatson
observed the regression of skin nodules following oophorectomy (1). Approxi-
mately 50 years later, the major ablative procedures, adrenalectomy (2) and hy-
pophysectomy (3), were introduced.

The first experience of additive therapies using androgens (4), estrogens (5),
and synthetic progestational compounds (6) were published in the 1950s, and these
were followed in the early 1970s by tamoxifen (7), competing with the estrogen
receptor (ER), and aminoglutethimide, the first aromatase inhibitor (8).

The past 10 years have seen the development of the new antiestrogens
toremifene (9), raloxifene (10), and droloxifene (11), which have lower estro-
genic properties compared to tamoxifen and the pure antiestrogen ICI 182.780
(12). In addition, second-generation aromatase inhibitors [fadrozole (13) and
formestane (14)] and now third-generation aromatase inhibitors [anastrozole (15),
letrozole (16), and exemestane (17)] provide even higher specificity with a close
to complete suppression of circulating estrogens. Finally, we have seen the intro-
duction of luteinizing hormone�releasing hormone (LHRH) analogues inhibiting
ovarian synthesis of estrogens (18).

Although the modes of action differ, all the endocrine therapies aim to reduce
estrogen-stimulated tumor growth and have largely similar efficacies, leading to
a response in approximately one-third of unselected patients receiving endocrine
therapy as first-line therapy for advanced breast cancer. It is generally accepted
that the presence of estrogen and/or progesterone receptor in the tumor predicts
the probability of response.

IV. ADJUVANT RANDOMIZED TRIALS WITH
ENDOCRINE THERAPY

The concept of breast cancer frequently being that of a disseminated disease
at the time of primary diagnosis has led to the introduction of systemic therapy
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as an adjuvant to the primary local approach. The benefits of the majority of ad-
vanced breast cancer endocrine therapies have been tested in this situation.

V. ABLATIVE THERAPY

The results of the randomized trials of ovarian ablation have been analyzed by the
Early Breast Cancer Triallists� Collaborative Group (19). In the absence of chemo-
therapy, the relative reduction of recurrence rate at 15 years is 25 ± 7% and the
relative reduction of mortality is 24 ± 7%. Thus, the effects are of the same order as
that achieved with polychemotherapy (20). Similar benefit with the two modalities
was confirmed in a randomized trial (21). Premenopausal patients with breast can-
cer stage T0�T3, N0�N2, M0 and in whom axillary nodes were histologically proven
to be affected were randomly allocated following primary local therapy to a 2 X 2
factorial designed trial with four options: ovarian ablation or chemotherapy alone,
or ovarian ablation combined with long-term prednisolone, or chemotherapy com-
bined with longterm predinisolone. Ovarian ablation was performed either through
a surgical or irradiation procedure. The chemotherapy was CMF (cyclophospha-
mide 750 mg/m2, methotrexate 50 mg/m2, and 5-fluorouracil 600 mg/m2), with all
drugs being given intravenously eight times every 3 weeks. From December 1984,
the regimen was modified to six three-weekly cycles for the remainder of the trial.
Prednisolone was given orally, 7.5 mg daily, from the date of ovarian ablation or
initiation of chemotherapy for 5 years� duration or until relapse if this occurred
earlier. From March 1980 to May 1990, 332 patients were included. With a median
follow-up of 5.9 years, there were no differences between the ovarian ablation and
the CMF groups concerning recurrence-free survival (RFS) (relative risk [RR] =
1.08; 95% confidence interval [CI] = 0.77�1.51) and overall survival (OS) (RR = 1.12;
CI = 0.76�1.63). Retrospectively, the data were analyzed according to the ER con-
tent with positivity defined ≥20 fmol/mg cytosol protein. In the receptor-positive
cases, ovarian ablation was superior to CMF in RFS (RR = 0.65; CI = 0.37�1.15), but
in the receptor negative cases, ablation was inferior to CMF (RR = 1.74; CI = 0.95�
3.19).

This finding in the retrospective subgroup analysis, however, could not be
confirmed in a prospective randomized trial conducted by the Danish Breast Can-
cer Cooperative Group (22). This trial allocated premenopausal patients with node-
positive receptor-positive tumors to either ovarian ablation by irradiation or to
CMF (cyclophosphamide 600, methotrexate 40, 5-fluorouracil 600 mg/m2) adminis-
tered intravenously every 3 weeks for a total of nine cycles. From January 1990 to
June 1998, 732 patients were randomized and with a follow-up of 68 months RFS
and OS in the ovarian ablation and CMF groups were 67 versus 66% and 78 versus
82%, respectively.
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TABLE 1 Adjuvant Trials in Premenopausal Patients with Receptor-Positive, Node-
Positive, or Node-Negative Tumors. Chemotherapy (CT) versus endocrine therapy
(ET)

Ref. CT ET N FU RFS OS

23 CMF G3 + T5 1.045 42 M 0.02 NS
24 CMF G2 + T5 244 53 M NS NS

NS, not significant; G3, goserelin 3 years; G2, goserelin 2 years; T5, tamoxifen 5 years.

Preliminary data from two randomized trials comparing CMF with LHRH ana-
logue (plus tamoxifen) have recently been reported (Table 1). In the Austrian trial,
CMF (cyclophosphamide 600, methotrexate 40, 5-fluorouracil 600 mg/m2) was ad-
ministered intravenously on days 1 and 8 for six 28-day cycles to patients with
receptor-positive, node-positive, or node-negative breast cancer (23). Dosage of
goserelin was 3.6 mg every 4 weeks for 3 years and for tamoxifen 20 mg daily for 5
years. Concerning RFS, the results favored the combination endocrine therapy,
with no difference being observed in survival. In the small Italian trial, patients
received six classic cycles of CMF (cyclophosphamide 100 mg/m2 po for 14 days,
methotrexate 40 mg/m2, 5-fluorouracil 600 mg/m2 iv days 1 and 8 every 4 weeks (24).
Goserelin was given for 2 years (3.6 mg every 4 weeks) and tamoxifen for 5 years (30
mg daily). With 53 months� follow-up, RFS were 69% in the CMF group compared
to 72%. An identical OS was seen in the two groups (87%).

Another two trials compared CMF with 2 years of goserelin therapy (25,26), but
so far no data are available. The International Breast Cancer Study Group (IBCSG)
trial also analyzes the benefit with sequential chemotherapy and LHRH analogue,
as does an American intergroup trial (27). The latter demonstrated no benefit when
CAF (cyclophosphamide 100 mg/m2 po for 14 days plus adriamycin 30 and 5-
fluorouracil 500 mg/m2 iv days 1 and 8) for six 28-day cycles was followed by
goserelin (3.6 mg every 4 weeks for 5 years). However, combined goserelin and
tamoxifen for 5 years was associated with a significant improvement in RFS (78 vs
67%).

Finally, an international trial (28) initially demonstrated improved RFS with
goserelin compared to a control group; however, so far, these data are difficult to
interpret, as the majority of patients had received prior tamoxifen or chemotherapy.

In conclusion, according to available data, ovarian ablation offers benefit in
patients with receptor-positive tumors similar to that which can be achieved with
chemotherapy with CMF, but whether additional benefit can be achieved with
combination endocrine therapy remains to be investigated.
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VI. ADDITIVE THERAPY
Data from published trials that use additive therapy as an adjuvant are summarized
in Table 2. The first trial (29) recruited postmenopausal women with stage T0�T4,
N0�N1, M0 disease. Simple mastectomy was the standard surgical procedure at the
time, and axillary surgery was not routinely performed; that is, the pathological
nodal status is unknown. All patients received postoperative radiotherapy and were
subsequently randomized to placebo versus tamoxifen 30 mg daily or diethylstil-
bestrol (DES) 3 mg daily for 2 years� duration. From March 1975 to March 1978,
154 patients were randomized. With a median follow-up of 9 years, RFS times
were significantly superior in the DES group compared with the controls (RR =
0.57, CI = 0.33�0.99), but OS were not significantly different (RR = 0.69, CI =
0.34�1.18). Similar results were achieved with tamoxifen (RR = 0.60, CI = 0.35�
1.04 and RR = 0.69, CI = 0.38�1.25, respectively). Side effects were frequently
reported in the DES group, with the most important being metrorhagia, which
occurred in 74% of the cases compared to 14% with tamoxifen and 0% with pla-
cebo.

In the second trial (30), postmenopausal patients with T1-T3A, N0�N2, Pn-posi-
tive tumors were randomized following radical and modified radical mastectomy
to a control group or to oral treatment with medroxyprogesterone acetate (MPA).
Dose was 1000 mg twice daily during 30 days followed by 500 mg twice daily for
another 5 months. From April 1979 to March 1986, 138 patients entered the trial.
With 36 months median follow-up, the estimated 5 years� RFS were not signifi-
cantly different (24 vs. 50%, P = .13), nor were the survivals (48 vs 62%, P =
.34). A significant proportion of the patients experienced side effects with the
most frequent being vaginal spotting, tremors, sweating, and weight gain.

In the third and largest trial (31), premenopausal and postmenopausal patients
with stage pN0 (at least five examined nodes) and M0 were randomized following
primary surgery and optional radiotherapy (mandatory following

TABLE 2 Adjuvant Additive Endocrine Therapy (ET)

Ref. ET N FU RFS (%) OS (%)

29 Placebo, 2 yrs 52 9 yrs 39 52
DES 3 mg, 2 yrs 50 58 66

30 Control 66 3 yrs 24 48
MPAHD 6 mons 69 50 62

31 Control 106 3 yrs 73 88
MPA HD 6 mons 103 94 99
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breast-conserving therapy) to a control group or to intramuscular treatment with
MPA. The dose was 500 mg daily during 4 weeks or 500 mg daily 5 days a week
for 5 weeks followed by 500 mg twice weekly for another 5 months. From 1982
to 1987, 240 patients were randomized. With a median follow-up of 3 years, ad-
ditional RFS was significantly different in favor of MPA (94 vs 73%, P = .0006).
Overall survival in the two groups were 99 versus 88%, respectively (P < .04).
Vaginal spotting, tremor, weight gain, sweating, and cramps occurred significantly
more frequently in the MPA group.

Thus, according to the data from these small trials, adjuvant additive therapy
with high doses of DES or MPA is associated with a prolongation of the time to
recurrence or death. However, the trials are quite small, and in the two MPA trials,
the follow-up time is very short, and unfortunately updated results have not been
published. In addition, the therapies are associated with frequent unpleasant side
effects.

VII. INHIBITIVE THERAPY
Two trials tested the value of aminoglutethimide in the adjuvant setting (Table 3).
In the first (32), postmenopausal patients less than 75 years old with node-posi-
tive tumors were randomized to receive aminoglutethimide plus hydrocortisone
for 2 years versus placebo. Initial dose of aminoglutethimide was 250 mg twice
daily, which, if tolerated, was increased following 4 weeks to 250 mg three times
daily and following 8 weeks to 250 mg four times daily. Dose of hydrocortisone
was 20 mg twice daily throughout the treatment period. From 1979 to 1986, 354
patients entered the trial. With a median follow-up of 8 years, no significant dif-
ferences were apparent in RFS and OS (Table 3). However, as reported earlier
(33), there was a benefit for the treatment versus placebo group in RFS (P = .005)
and OS (P = .05) of up to approximately 4 years, which subsequently

TABLE 3 Adjuvant Endocrine Therapy (ET) with Aminoglutethimide (AG)

Ref.            ET N FU RFS (%) OS (%)

32 Placebo 2 yrs 179 8 yrs 36 45
AG + HC 2 yrs 175 37 45

34 Tamoxifen 5 yrs 4 yrs 86 94
2021

Tamoxifen 5 yrs + � 86 95
AG 2 yrs
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disappeared. The authors speculate whether the discrepancy between these data
and tamoxifen data may be ascribable to the different biological properties of the
two endocrine agents at a cellular level. The most frequent side effects included
lethargy, skin rash, nausea, and ataxia.

Preliminary data from another trial were recently reported (34). Postmeno-
pausal patients with receptor-positive, node-negative, or node-positive tumors were
randomized to receive either tamoxifen 20 mg twice daily for 2 years and 20 mg
daily for the subsequent 3 years or tamoxifen as above plus aminoglutethimide
250 mg twice daily for the first 2 years. From 1990 to 1996, 2021 patients were
randomized, and with 4 years median follow-up, RFS and OS are similar in the two
groups (see Table 3). Side effects prompted more withdrawals in the combination
group.

In conclusion, the short-term benefit or lack of benefit combined with signifi-
cant toxicity preclude further evaluation of aminoglutethimide in adjuvant therapy
in breast cancer.

VIII. COMPETITIVE THERAPY
The available data from numerous randomized trials with tamoxifen including more
than 30,000 women were reviewed in the early 1990s by the Early Breast Cancer
Trialists� Collaborative Group (35). A highly significant reduction was achieved
with tamoxifen at 10 years in both RFS (25 ± 2%) and OS (17 ± 2%). These
results were confirmed in a recent update (36), which also analyzed in further
detail the importance of treatment duration and the benefit according to different
subgroups.

Indirect comparisons of the importance of treatment duration indicated that
prolonged therapy is superior to shorter duration, and based on data from random-
ized trials, a 5-year treatment duration is now considered standard (37�39). Other
major trials (aTTom and Atlas) are ongoing analyzing 2 versus 5 years tamoxifen
(40) and tamoxifen beyond 5 years (41).

Subgroup analyses according to receptor status demonstrated that, for each
tamoxifen duration, the proportional event reduction is greater for patients with
ER-positive tumors than for ER-negative tumors. Thus, in receptor-positive tu-
mors, the RFS reduction in trials of 1, 2, and about 5 years were all highly signifi-
cant, 21, 28, and 50%, respectively, as was the mortality reduction (14, 18, and
28%, respectively). In contrast, in the ER-negative tumors� RFS reduction was
significant only in trials of 2 years (13%) but nonsignificant in trials of 1 and
approximately 5 years (4 and 6%, respectively), and with all durations, no signifi-
cant mortality reductions were observed (6, 7, and �3%, respectively).
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Other subgroups� analyses indicated similar event reduction according to nodal
status. There are significant trends toward greater risk reduction in older women
compared to younger women in trials of tamoxifen 1 or 2 years, but this trend is
weaker in trials of tamoxifen of approximately 5 years.

A number of trials analyzing the beneficial effect of tamoxifen when added to
chemotherapy showed an apparent risk reduction similar to that seen without the
presence of chemotherapy.

Recently published preliminary data comparing tamoxifen with one of the newer
SERMS, toremifen (42), reported no difference in RFS after a median follow-up
of 3 years in 899 randomized patients.

Thus, standard endocrine adjuvant treatment today is tamoxifen for 5 years.
This treatment significantly reduces the risk of relapse and death and the drug is
well tolerated. Although long-term effects include significantly reduced contralat-
eral breast cancer incidence, there is also an approximate doubling of endome-
trial cancer incidence (36).

IX. SELECTION OF PATIENTS FOR ADJUVANT
ENDOCRINE THERAPY

The criteria for patient selection according to nodal status as defined at the Inter-
national Consensus Conference on Primary Treatment of the Breast: Update 1998
(43) are presented in Tables 4 and 5. Tamoxifen is considered the endocrine treat-
ment of choice in both premenopausal and postmenopausal patients with recep-
tor-positive, node-negative, and node-positive tumors either alone (postmeno-
pausal with node-negative intermediate and high-risk and node-positive tumors)
or in combination with chemotherapy (premenopausal with node-positive tumors).
In other subgroups, the role of endocrine therapy is still being tested in random-
ized trials.

TABLE 4 Adjuvant Treatment for Patients with Node-Negative, Receptor-Positive
Tumors

Low risk Intermediate risk High risk
Size, grade, receptor = 1, I, Pos > 1�2, I�II, Pos >2, II�III, Neg

Premenopausal None or Tamoxifen Tamoxifen ± CTa CTa ± Tamoxifen
Postmenopausal None or Tamoxifen Tamoxifen ± CTa Tamoxifen ± CTa

a Considerations about low relative risk, costs, toxicity, age may justify the use of tamoxifen
alone.
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TABLE 5 Adjuvant Treatment for Patients with Node-Positive, Receptor-Positive
Tumors

Premenopausal CT + Tamoxifen
Ovarian ablation/LHRHa ± Tamoxifena

CT ± Ovarian ablation/LHRHa ± Tamoxifen
Postmenopausal Tamoxifen ± CTb

a Still being tested in randomized trials.
b Considerations about low relative benefit, costs, and toxicity with CT and age may justify the
use of tamoxifen alone.

X. ONGOING RANDOMIZED TRIALS IN
POSTMENOPAUSAL PATIENTS

Although the data with adjuvant tamoxifen are encouraging, we are still far from
having achieved a dramatic improvement of prognosis in primary breast cancer,
and there is a need to develop new and more active endocrine modalities. With
this aim, recent years have seen the initiation of a number of major adjuvant trials
analyzing the value of third-generation aromatase inhibitors and ICI 182.780 in
the adjuvant setting. Many of these trials are company-sponsored, monitored, multi-
institutional, and international studies.

In the adjuvant setting, two different designs have been adopted; head-to-head
comparisons of tamoxifen versus the aromatase inhibitors or tamoxifen versus
the sequential use of tamoxifen and aromatase inhibitors. In the neoadjuvant set-
ting, the head-to-head designs have been used in trials comparing tamoxifen with
aromatase inhibitor or ICI 182.780.

Study 1033 IL/0029 (ATAC) compares tamoxifen 5 years, or anastrozole 5
years or the combination of tamoxifen and anastrozole 5 years followed by 5
years combination therapy. The trial is double blind and recruits postmenopausal
patients. The study started in 1996 and was closed in late 1999 with an entry of
approximately 9000 patients.

The FEMTA 019 trial recruits postmenopausal patients with ER-positive, node-
positive, or high-risk node-negative breast cancer, who are randomized in a double-
blind trial to tamoxifen 5 years versus letrozole 5 years. Following the recruit-
ment of approximately 2000 patients, the organization of the trial has been taken
over by the IBCSG as part of a trial conducted by the Breast International Group
(BIG). As a result, the trial design has been amended to a four-arm trial with
tamoxifen 5 years versus letrozole 5 years versus tamoxifen 2 years followed by
letrozole 3 years versus letrozole 2 years followed by tamoxifen 3 years. The
study is planned to enter 7000 patients.

The study, NCIC CTG MA 17, randomizes postmenopausal patients with ER-
positive tumors, who are recurrence-free following adjuvant treatment with ta-
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moxifen for 5 years to either placebo or to another 5 years of treatment with
letrozole. The planned number of patients to be randomized is 2380.

Another three trials also use a sequential design. Following 2 years of adju-
vant tamoxifen, two identical trials, conducted by the German and Austrian Breast
Groups, respectively, randomize postmenopausal patients to another 3 years of
tamoxifen or anastrozole. The third trial (study OEXE 031) recruits patients who
have received adjuvant tamoxifen for 2�3 years and then randomizes them to ei-
ther tamoxifen or exemestane for another 2�3 years; that is, a total treatment
duration of 5 years.

Two trials are conducted in the preoperative setting. One of these (study 024)
randomized postmenopausal patients with ER-positive tumors to either tamoxifen
or letrozole. The trial was closed August 1999 with an entry of 302 patients. The
other trial to be activated shortly plans to recruit approximately 3500 premeno-
pausal and postmenopausal patients and randomize them to placebo versus ICI
182.780.

Data from these important trials will be generated in the years to come, as will
the data from adjoined studies with the objective to analyze long-term toxicities
as concerns the potential consequences of therapy-induced alterations in bone
and lipid metabolism.
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Paul Goss: Thank you very much for an outstanding overview, Henning.
I want to ask you a question that comes up in the clinic frequently,
and also arose at the ASCO meeting. It�s become our practice to
use chemotherapy followed by tamoxifen in estrogen receptor (ER)
patients who have high-risk node-negative and node-positive dis-
ease. At ASCO 1999, there were a number of papers that sug-
gested that the outcome of patients after adjuvant chemotherapy
is related to whether they enter menopause after chemotherapy.
You mentioned an intergroup trial run by ECOG and Dr. Nancy
Davidson. The randomization was cyclophosphamide, adriamycin,
5-fluorouracil (CAF) chemotherapy versus CAF + tamoxifen ver-
sus CAF + tamoxifen + Zoladex®. The question the trial addresses is
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does ovarian ablation medically add additional benefit to chemotherapy
followed by tamoxifen? That is a question that our patients ask in the
clinic when their chemotherapy is complete and they are about to start
tamoxifen�is there now in 1999 a reason to add Zoladex® and ablate
ovarian function if patients continue to menstruate after chemotherapy?
What do you do in the clinic?

Henning Mouridsen: A difficult question. I think we need the data. Stud-
ies are ongoing to try and answer this question. I agree that an impor-
tant question is whether part of the effect of chemotherapy in pre-
menopausal women is mediated through medical castration. It is one
of the areas where we made mistakes. The question has been eluci-
dated in retrospective subgroup analyses that, however, are completely
invalid. There is a major bias in all these retrospective analyses of the
problem. Patients who have medical castration by the therapy have
been claimed to do better�however, patients who might potentially
benefit from medical castration are probably patients with receptor-
positive tumors, who have a better prognosis than women with re-
ceptor-negative tumors. It needs to be demonstrated prospectively
before we can definitively answer the question.

Paul Goss: I agree a prospective trial is very important. I think to date the
analysis of the trial has shown an advantage of the two arms combined
containing tamoxifen versus chemo alone�so that pooling the CAF +
tamoxifen arms shows the disease-free survival advantage that you men-
tioned but not an overall survival (OS) advantage compared to chemo
alone regarding the CAF + tamoxifen versus CAF + tamoxifen + Zoladex®
arm, which has not yet shown a difference. So I think that the answer to
the question is that we have to wait for further follow-up.

Nam-Sum Paik: What is the advantage of endocrine neoadjuvant treat-
ment compared with conventional chemotherapeutic agents?

Michael Dixon: Although elderly patients� tumors are larger, if you
compare size to size with younger women, they are less likely to
be Neu positive, less likely to be grade 3, less likely to have a high
proliferation, so it depends to some extent how you select your
patients. You are right, some of these patients are suitable for
neoadjuvant chemotherapy, and yet biologically their tumors are not that
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aggressive, and if you gave them preoperative chemotherapy, you prob-
ably wouldn�t achieve much more than you would with neoadjuvant
endocrine therapy apart from making them more ill.

So I think that the advantage of neoadjuvant endocrine therapy
in these patients is that you achieve one of the aims�to do less aggres-
sive surgery. When you come to operation, you find that these patients
would have been selected to have postoperative adjuvant endocrine
therapy rather than chemotherapy anyway. Obviously it is important
to select patients carefully. Some of these larger tumors are large be-
cause the patients have had them for some time and they are not that
aggressive tumors�often grade 1 or 2 on core biopsy, high ER posi-
tive and without clinically palpable nodes. In these patients, it is safe to
treat with neoadjuvant endocrine therapy and you will get a substantial
response, and if the patients want it, they can get away without mas-
tectomy. There are obviously differences in different areas of the world,
but in our center, of those patients we offer breast-conserving surgery,
about 98% take it. In our society, a treatment which down stages the
tumor and allows the patient to have less extensive surgery is an ad-
vantage.

Nam-Sum Paik: I agree that using neoadjuvant therapy for down staging is
important. However, neoadjuvant therapy takes a long time and re-
sponses may not be as good as conventional therapy.

Michael Dixon: We�ve looked at time to half tumor volume and found it to
be 40 days with neoadjuvant endocrine therapy. So that�s not very long,
although it is in a selected group of patients. One of the points is that
when you reduce a tumor from 4 cm to 3 cm you are actually decreasing
the amount of tumor you need to remove to get a wide excision by about
50%�so you are not taking 100 g, you are taking 50 g�which is a
fairly dramatic reduction and makes breast conservation possible when
it would otherwise be impossible. We have also looked at the histology
of the responses in patients treated with either tamoxifen or letrozole,
and this may provide some insight into the study reported by the group
in the southeast of the UK who did the aminoglutethimide study. What
we found was letrozole produces dramatic reductions in each individual
tumor in the rate of proliferation. If you look at Ki67, it comes down in
all patients treated with letrozole, which does not happen in all patients
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treated with tamoxifen. In about 50% of patients on both letrozole and
tamoxifen, there is alteration in grade. In the letrozole patients, this is
due to a decrease in proliferation, whereas in the tamoxifen group,
there is a different histological pattern with more glandular differentia-
tion, appearing almost as if it is dedifferentiating, possibly altering its
subsequent behavior. This is why, 5 years tamoxifen may have a long-
term effect, whereas aromatase inhibitors switch off proliferation, so
that when they are stopped, proliferation may switch back on. The
changes are really quite surprising and highly statistically significant on
a relatively small number of patients, so I suspect that they are real.

William Mmiller: Can you tell us about the data in the literature comparing
neoadjuvant endocrine therapy followed by surgery versus surgery
followed by conventional adjuvant therapy?

Michael Dixon: There is only one randomized study that I know about�a
small study done in Edinburgh showing no difference in survival. It did
show that the median time to half tumor volume was 40 days and
those patients which had a median reduction in their tumor volume of
less than 40 days had a much better survival than those patients whose
tumors did not respond as quickly�with a highly significant differ-
ence. This is also seen in chemotherapy studies; that patients with an
early response seem to do better.

Mitch Dowsett: It takes perhaps 5 or 6 weeks for tamoxifen to get to
steady state, whilst with aromatase inhibitors, steady state is achieved
after only about 10 days. Do you think that clinical differences in your
comparison of aromatase inhibitors and tamoxifen over relatively short
periods; i.e., 3 months, could be explained by this difference?

Michael Dixon: Yes, I think it is a potential problem. When looking at
data from Edinburgh, we noticed that a lot of the reduction in
volume with tamoxifen occurs between 2 and 3 months. The prob-
lem with the model we use is that, because we do a wedge bi-
opsy, there is some swelling initially, and although you can get a
good idea of what happens between 1 and 2 months and between
2 and 3 months, it is always difficult in the first month. Now we are
just doing core biopsies, it should be better. However, you are right�
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if tamoxifen is not up to adequate levels in 5 weeks, then it may not be
therapeutic, so in a 3-month study, one may be comparing 12 weeks
of anastrozole or letrozole with 7 � 10 weeks tamoxifen.

Mitch Dowsett: In your analysis, Henning, you focused on ER positivity/
negativity. But if you have an ER-negative, progesterone receptor
(PgR)�positive tumor, would you give that patient tamoxifen?

Henning Mouridsen: Yes, of course. According to the overview analysis,
the PgR status, irrespective of ER status, predicted the benefit with
tamoxifen, as did the ER status.

Harold Harvey: Mr. Dixon, I think that your model is an absolutely wonder-
ful in vivo model allowing us to answer a variety of biological ques-
tions. However, I think that the skeptic would have to argue that to
have a facility to do this study in elderly patients with large receptor-
positive tumors is, in fact, an indictment of a failure of detection of
breast cancer in that population? Perhaps, as a practical matter, efforts
should be concentrated on screening and earlier detection of these tu-
mors and perhaps use your approach in much smaller tumors. How
would you reply to the skeptic?

Michael Dixon: I think that the situation is changing. As the generations
that have been involved in screening are now coming through�and
Edinburgh was one of the places that started to screen first in the
UK�the good news is that we are having great difficulty doing these
studies anymore, because we don�t see such large tumors. When we
recruited for the first letrozole study, we got 12 large tumors in 14
weeks, now for the last exemestane study, to get 12 large tumors
took us a year. So the good news is that over time the efforts to
educate women, to get them along to screening, and get them more
interested in their breasts has been successful. However, in all soci-
eties, you will always get some people who delay presenting for what-
ever reason.

William Miller: Mike, can I ask you what you would say to the other
skeptic, who comes along and says, well you have a lot of information
on the primary tumor, but what actually determines outcome is
micrometastatic disease, and the primary tumor has a limited role to
play in determining that.
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Michael Dixon: We, and others, have looked at disease nodes as well as the
primary cancer and there seems to be a reasonable correlation be-
tween ER positivity in nodes and primaries. Fortunately, of the 24
patients treated by letrozole, only 10 out of 24 were node positive
despite the fact that they had large, locally advanced breast cancers.
This comes down to the point I made earlier�this is a selected group
of patients and who probably have less biologically aggressive disease,
who have actually delayed treatment. But they have delayed treatment
for a reason that they did not wish to have a mastectomy and they did
not like the idea of having treatment, which is why they did not come
to hospital. So actually by being able to get round that potential hurdle
for them, they seem to have been very happy with the treatment we
have given them.

Paul Goss: Mike, we have good randomized clinical trials of pre�and post-
operative chemotherapy with long-term disease-free survival and OS
data showing that there is no detriment to survival by delaying surgery
with preoperative chemotherapy. I do not think there has been a good,
well-powered trial with endocrine therapy that has been able to ask
that same question. The patients that you have so carefully enrolled
into your preoperative studies have an excellent response, because
they are very highly selected. However, since the type of data you
have presented has crept into the literature and into the public domain,
we are seeing a lot of surgeons putting women onto endocrine therapy
and delaying their cancer surgery. Their belief is that this clinical prac-
tice is comparable to delaying surgery for administrating neoadjuvant
chemotherapy. I am very pleased to see how carefully you present the
data and I am very careful to disseminate the news to my colleagues
that it is clinical research data and not clinical practice data. It is obvi-
ously a very laudable goal to reduce mastectomy, but it wouldn�t be if
it came at the expense of increased mortality.

Michael Dixon: I think that is absolutely right. It is also important to make
the point that it is a highly selected group of patients with high levels of
ER.

Carsten Rose: Henning, I am always a bit puzzled when we talk about add-
ing chemotherapy to tamoxifen in the postmenopausal patients being
node positive or node negative. What is your opinion based
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on current data? Should we add it, in whom should we add it to, and
what effect would you actually go for considering the added toxicity in
these patients?

Henning Mouridsen: I think it is rather difficult to answer that question. If
you go to the individual trials and look at the additional benefit with
chemotherapy in these receptor positive patients, because these are
the patients who had the tamoxifen, the additional benefit with chemo-
therapy is very very modest�a matter of 5% or something like that.
So my personal opinion is that with the therapies that have been tested
in the postmenopausal patients, and for the vast majority of patients it
has been CMF (cyclophosphamide, methotrexate, fluorouracil), the
additional benefit is too small to justify the general use of chemo-
therapy following tamoxifen.

Paul Goss: The NSABP 20 trial which randomized node-negative, receptor-
positive pre- and postmenopausal patients to tamoxifen or tamoxifen
plus CMF showed modest, but definite, improvements in disease-free
survival and OS. In addition, Tannoch et al. polled North American
women as to what survival benefit they would accept for a 6-month
course of chemotherapy. Women answered that for a 1% improve-
ment in survival, they would undergo a 6-month course of CMF che-
motherapy. One of the speakers suggested that there is gap between
what physicians think is worthwhile for patients and what patients think
is worthwhile.

Carsten Rose: If I could just add to that, first of all, the NSABP paper
actually demonstrated that the effect was very low in ER-rich tumors,
and most of the effect was in those with intermediate ER values. That
is one thing. The other is that I don�t think these women that you are
going to ask actually can perceive what they are saying yes to; 1% is
actually not very much. We have to bear in mind that the absolute
difference obtained between successful and unsuccessful chemotherapy
is only around 4�5%. We are exploring very modest effects.

Henning Mouridsen: It is not just a matter of saying that, if there is a 1%
chance of benefit, then we should offer the treatment to the patients. It
is also a matter of keeping priority to different areas, because we can�t
afford to treat all patients in whom there is a 1% chance of improve-
ment in their survival.
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G. Stathopoulos: In the trial presented by Dr. Mouridsen on adjuvant treat-
ment for 2 years with tamoxifen and then randomized to tamoxifen
and aromatase inhibitors, if there is a difference in the outcome, then
you can tell something, but if there is no difference how can you tell
that the effect was not the 2 years of tamoxifen? Would it not be better
to start the two arms from the beginning?

William Miller: Maybe I can rephrase what I think is the same question,
because I was going to raise a general issue. What strikes me about
the problems with adjuvant therapy vis-à-vis neoadjuvant therapy is
that you need to study large numbers of patients for a long time to
pick up sufficient events to observe differences between groups. We
are talking about 9000 women and 7000 women. It may be contro-
versial, but some of the study designs have gone ahead with aromatase
inhibitors without the knowledge of whether the benefits of prior
tamoxifen have been exhausted. It therefore is difficult to attribute
benefits to tamoxifen or the aromatase inhibitor. In advanced disease,
presumably you treat patients to exhaustion with one beneficial therapy
before you start another. But in the adjuvant situation, you are blindly
changing to another therapy without actually knowing whether you
have exhausted the benefits of the first. So how do you know that the
benefit is accruing specifically to an aromatase inhibitor rather than
just continuing tamoxifen?

Mitch Dowsett: I think the FEMTA trial actually deals with that, because
it has four arms, two of which persist with single-drug treatment.

William Miller: But the exemestane trial does not. Can I ask you, Henning,
again, it is the same sort of drum that I am beating here, have we
been carried away with enthusiasm, perhaps quite rightly, by the effi-
cacy of the new aromatase inhibitors? For example, in the ATAC
study, there is a combination arm which is being used adjuvantly but
has never really been proven in the advanced situation. However, we
are going ahead and using the combination of an aromatase inhibitor
with tamoxifen without it necessarily being proven to be of clear ben-
efit in advanced disease over the individual drugs. Is that true, and
what are your thoughts about this if it is true?
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Henning Mouridsen: To my knowledge there are no endocrine combina-
tion therapies which have proven superiority to single-modality thera-
pies.

William Miller: So what�s your thought about using a combination in an
adjuvant situation?

Henning Mouridsen: It was very difficult for me to understand the ratio-
nale for the combined arm in the study. That is one of the reasons
why we did not join the study.

Ian Smith: I just wanted to emphasize, as I see it, the key point of doing
preoperative treatments, whether chemo or endocrine therapy, is not
actually to reduce the need for mastectomy�although I believe that
is a very useful spin-off. It relates to this terrible problem that we
have of doing adjuvant trials that take many years to run to get an-
swers. How do you introduce new therapies? How do you introduce
Arimidex®, for example, as you have just asked? It also relates to the
fact that we know from metastatic disease that individual patients are
likely to respond differently. So it is the potential predictive value of
preoperative neoadjuvant treatments that is really central. The prob-
lem is proving it, and that is why we need trials along the lines of
which we have been discussing, where you can try to establish an
early surrogate marker�whether clinical or pathological, or as many
of us believe, biological�that will tell you in the long term whether
there is going to be a survival benefit. I would like to ask Mike, he has
shown very nicely that ultrasound is the best correlation, but is he
aware of data that show that the extent of regression actually mat-
ters long-term? It would be very important if it is true.

Michael Dixon: I think that the size of the tumor has been used as a
surrogate end marker. I agree with you that what matters is what
you see under the microscope. Occasionally you can see a nidus on
the ultrasound, and that has happened to some of our patients�a
nidus which has very few tumor cells within it. So I accept that what
matters most is what is happening pathologically. But when you are
making clinical decisions as to whether a patient is suitable for a
particular type of operation, you need to have some idea of what
volumes you are trying to remove, so then it does become of practi-
cal importance how big the tumor is. From a surgical point of view,
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volume is important even if it may not have as much biological rel-
evance. I agree with you that it is an excellent biological model, but it is
very difficult to sell to patients that a biological model will just predict
what therapy they are going to get later on, when we have such a
highly selected group of patients. What do you do in patients who have
had tamoxifen for 3 months and then you operate on them and they
had a 10�20% reduction in tumor volume? Well you are going to do a
wide excision, if possible, and if they are node negative, you are prob-
ably going to give them radiotherapy and continue them on the
tamoxifen. So I think that part of the trouble is that, in the selected
group of patients we have looked at, the response rates are so high that
you are unlikely to change many of these people onto any other treat-
ment. The other problem with your argument is, yes it is great that you
should be able to give one type of chemotherapy, see if it responds,
and if it doesn�t try another type of chemotherapy, but in fact in prac-
tice, this rarely happens. There are very few groups that have actually
looked to see if the first chemotherapy doesn�t work and switching it
for something else, and showing that if you switch to something else,
you can get a reasonable response rate. So I think that is a great theo-
retical advantage, but what you really want to be able to do is give a
shot of chemotherapy and know within a couple of weeks whether it
has been effective. If it has not, then switch at that point rather than
doing what seems to be happening now, which is waiting for a few
months to see if the tumor responds clinically.

Ian Smith: I agree with your last point, the reason we don�t switch is we
don�t know what the surrogate marker is. If there is one, we�ve got to
find that first. If we could find it, then that would be the next genera-
tion study.

Michael Dixon: For the purposes of the study we�ve done, we have had to
have a time for it, but in fact with tamoxifen, we actually treat patients
for a very variable length of time, because we know from data that the
median length of response is 9 months. So for the purposes of the
studies I presented, it is 3 months, but actually in the clinical setting,
we actually keep them going for much longer.

Paul Goss: It was a leap of faith to combine tamoxifen with an aromatase
inhibitor in an adjuvant trial without any data of the com-
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bination in the metastatic setting. But so was to use a single arm of an
aromatase inhibitor for 5 years, abandoning 5 years of tamoxifen, which
had been so carefully demonstrated to be of benefit. In these trials, we
did the equivalent of taking a chemotherapy drug which was new and
had shown efficacy in second-line therapy in metastatic breast cancer
and gone over to the adjuvant setting. We abandoned entirely our cur-
rent chemotherapy (CMF, CAF, or whatever) and just replaced it with
this second-line single agent chemotherapy drug. I think that would
have been unthinkable in the chemotherapy setting. Perhaps it reflects
peoples� beliefs in the indolent nature of hormone receptor�positive
breast cancer that people did this, but it was a somewhat surprising
thing to do prior to first-line therapy trials.

Stephen Johnston: Touching on the high response rates with letrozole shown
by Mike Dixon. You may be stung by your success in not being able to
be predictive, but you had two local recurrences there. Do you have
any early information on whether there is anything happening that they
did not respond very quickly, or that Ki-67 changes that you are see-
ing, like we are after 2 weeks, whether those two that relapsed locally
had anything different?

Michael Dixon: I think it is simple�that they just did not get adequate local
treatment. We just did a wide local excision; they did not have radio-
therapy. About the time they were treated, a few years ago�it prob-
ably has happened quicker I think in many parts of the world than the
UK�we tried to be less aggressive with elderly patients. We have
even got a study in Scotland where patients are being randomized to
have radiotherapy or not after wide excision, looking at quality of life
issues. Some of my patients live some distance away from hospital,
and for whatever reason, the radiotherapist decided not to give radio-
therapy. Nowadays our practice has changed. They would all get ra-
diotherapy unless they were very infirm. So I think the reason was that
we excised the disease that was there, but wide excision alone is asso-
ciated with a significant local recurrence rate. There were also some
Italian data published about that time which said that if you are over 55
and you do a very wide excision without radiotherapy, you get ad-
equate control. Other groups haven�t shown this, and I think it is merely
a factor of inadequate local treatment�so I don�t think we are going
to learn anything from these few patients.
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I. INTRODUCTION
Over the past few years, the high costs and increasing availability of new treat-
ment options for breast cancer have channeled policymakers� and regulatory bod-
ies� attention to determining the �value for money� of competing therapies. Many
factors render breast cancer particularly amenable to economic evaluation. Given
its high prevalence, breast cancer treatment is taking up an increasing share of
health care resources, and this trend is likely to continue in view of the aging
global population.

Breast cancer also raises important quality of life concerns. Every stage of
treatment presents an important trade-off between clinical benefit and discom-
fort or toxicity. Breast cancer patient groups have become increasingly organized
and involved in the drafting of treatment guidelines, in the dissemination of infor-
mation, and the adoption of new treatment modalities. Patient groups have also
driven the need for drug sponsors to describe the benefits of treatments in terms
of outcomes that are relevant to the patient and address her concerns and needs.
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Breast cancer management may be seen in a cascade of therapeutic decisions,
with each decision having to balance evidence and expectations of clinical ben-
efit, toxicity and side effects, impact on the patient�s quality of life, and cost. It is
within this framework that economic evaluation may play a role by providing an
objective comparison in terms of costs and effects of treatment, thereby deter-
mining the value for money of different therapies (1,2).

The purpose of this chapter is to review economic aspects relevant to the en-
docrine treatment of breast cancer. Focus is limited to early breast cancer, with a
particular emphasis on adjuvant endocrine therapy.

II. HEALTH ECONOMICS FRAMEWORK

A. Defining Economic Evaluation
Economic evaluation may be defined as �the comparative analysis of alternatives
in terms of both costs and consequences� (1). The health economics framework
for evaluation is depicted in Figure 1. Costs incurred are weighed against costs
avoided and clinical benefits against side effects or associated morbidity in order
to produce a final costs to effects ratio. The different methods for economic
evaluation differ in how they value treatment effects. In cost-effectiveness analy-
ses, the effects are expressed in physical units (number of deaths avoided, of life-
years gained, of cancers detected), whereas in cost-utility analysis, these physical
units are weighted by the quality of life of individuals, resulting in a cost per
quality-adjusted life year (QALY) ratio. As is illustrated in Figure 1, the eco-
nomic value of treatments is contingent on their clinical benefit. Clinical expecta-

FIGURE 1 Health economics parameters.
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tions of therapies drive economic expectations, and costs and quality of life effects
of treatments are assessed in a continuum with clinical benefit. (For further reading
on different methods of economic evaluation, please refer to Refs. 1 and 2.)

B. Quality-of-Life Evaluation
Quality of life is a term that has been appropriated by many academic disciplines,
and the erroneous tendency in today�s literature is to define anything other than
response rate as �quality of life.� As is illustrated in Figure 2, there are many
components and influences on a patient�s quality of life, of which treatment tox-
icity is just one component among many. When comparing two treatments, one
may choose to focus evaluation on the symptoms of treatment or disease or choose
a more comprehensive measurement of the impact of these factors on the patient�s
general well-being (health-related quality of life). For example, an instrument
that specifically asks patients about menopausal symptoms may be the most sen-
sitive to the differences between clinically equivalent endocrine treatments. In
the adjuvant setting, a comprehensive evaluation of the patient�s quality of life
may be warranted over the entire duration of treatment and follow-up. In all cases,
it is important to determine a priori the expected differences between treatments
and to tailor the selection of the instrument to capture these differences. Careful
attention must be paid to selecting an instrument which is patient-based, has vali-
dated psychometric properties, is acceptable to patients, and is most likely to
capture differences between treatments (3).

FIGURE 2 Influences on quality of life.
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III. ADJUVANT ENDOCRINE THERAPY
A. Economic and Quality-of-Life Issues
The adjuvant setting for endocrine therapy is an obvious framework for decision
making: First because there remains much controversy over the most appropriate
treatment options for different patient groups, and second because one is incur-
ring treatment costs and toxicity immediately in the hope of expected benefits
years later. The balance between costs, side effects, and benefits of treatment will
depend highly on clinical expectations�namely, the opportunity to reduce the
risk ratio for recurrence and advanced disease. The age of the patient, prognostic
factors, and treatment alternatives all enter into the equation of balancing costs to
benefits.

The economic issues surrounding endocrine therapy depend on the reference
treatment in each situation (4). If the treatment of reference is tamoxifen, the
higher acquisition cost of the new endocrine therapy will need to be offset by
higher efficacy, lower incidence of endocrine symptoms, and more favorable sys-
temic effects. If the comparator is chemotherapy, endocrine therapy may present
a quality of life advantage owing to lower toxicity; however, it must also offer an
incremental clinical benefit as compared to chemotherapy. In the case of combi-
nation therapy, the addition of hormonal therapy to chemotherapy must provide
sufficient additional clinical benefit to justify the increased therapy cost as com-
pared to chemotherapy or hormonal therapy alone. Moreover, one must ascertain
that the combination effects of treatments do not have detrimental effects on
patients� quality of life. Postmenopausal women who would normally be receiv-
ing adjuvant tamoxifen may not be willing to accept the added toxicity incurred by
chemotherapy if the marginal survival benefit is small. Similarly, some premeno-
pausal women may not accept the induction of menopausal symptoms from treat-
ment if their cancer is already of good prognosis. Each of these situations war-
rants careful decision making, which cannot be answered by existing clinical trial
data alone.

B. Existing Literature
The economic literature on adjuvant endocrine therapy is mostly limited to com-
parisons of combination (chemo-endocrine) therapy, or either chemotherapy alone
or tamoxifen alone. The two main questions addressed are (1) whether one should
add tamoxifen to chemotherapy in premenopausal women, and (2) whether one
should add chemotherapy to tamoxifen in postmenopausal women.

1. Chemoendocrine Therapy Versus Chemotherapy in
Premenopausal Women

Smith and Hillner (5) conducted a cost-utility analysis based on the results from
the 1992 EBCTCG meta-analysis in premenopausal women (6). They obtained
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utility values from focus groups of patients with breast cancer and derived costs
from Medicare charges and from a single center�s accounting data. The principal
results are presented in Table 1. Based on their analysis, tamoxifen and chemo-
therapy are equally cost effective in premenopausal women who are estrogen re-
ceptor (ER) positive and node negative. Combination therapy may offer an attrac-
tive option for low-risk (node-negative) women, but it is of less value than either
tamoxifen or chemotherapy alone. In node-negative, ER-negative and node-posi-
tive, ER-negative women, only chemotherapy provides a cost-effective treatment.
Although in node-positive, ER-positive patients, tamoxifen is the most cost-ef-
fective option.

This model was the first to describe the relationship between costs and ef-
fects of adjuvant therapies in premenopausal women. The cost-utility results were
highly sensitive to estimates of the relative risk of recurrence, the time frame
considered, and the relative reduction in risk expected from treatment. Interest-
ingly, changes in drug costs did not affect results significantly. The model is based
on old data and would need to be updated in view of more recent trial results.
Specifically, the model used efficacy estimates for tamoxifen that are signifi-
cantly lower than the most recent efficacy data from the EBCTCG metaanalysis
(7). Therefore, it is likely that the model underestimates the value of tamoxifen
and combination therapy treatment scenarios as compared to chemotherapy in
this population (8).

2. Chemoendocrine Therapy Versus Endocrine Therapy in
Postmenopausal Women

Goldhirsch et al. (9) conducted an analysis of quality-time without symptoms and
toxicity (Q-TWiST) to assess the balance between quality of life and survival in
postmenopausal women receiving either adjuvant tamoxifen or combination
therapy. In the Q-TWiST method, treatment duration is partitioned into phases
according to the level of toxicity and clinical events: TOX (toxicity during adju-
vant therapy), REL (relapse), and TWiST (time without symptoms and toxicity).

TABLE 1 Cost per QALY in Premenopausal Women

Tamoxifen +
Tamoxifen ($) Cyclophosphamide ($) cyclophosphamide ($)

N� ER+ 11,440 11,370 33,100
N� ER� 214,000 4,970 186,200
N+ ER+ 4,330 9,230 14,750
N+ ER� 57,800 4,890 80,700

Source: Adapted from Ref. 5.
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A range of theoretical utility scores, from 0 to 1, is then assigned to each phase of
treatment. The final analysis is expressed as an equation, in which:

Q-TWiST = TOX(ut) + REL(ur) + TWiST(uw)
The authors based their clinical data on results from the Ludwig Trial III, which

looked at postmenopausal node-positive women receiving either tamoxifen or
tamoxifen combined with chemotherapy for 1 year after mastectomy. Results fa-
vored the chemoendocrine arm, and the authors concluded that the increased toxic-
ity associated with combination therapy was outweighed by the survival benefit it
allowed when compared to tamoxifen alone in this patient population.

Gelber and his colleagues updated the model in 1996 with results from nine
trials involving 39,000 patients (10). After 7 years of follow-up, the toxic effects
of chemotherapy were barely balanced by the modest increase in relapsefree and
overall survival. None of the utility values tested yielded more Q-TWiST for pa-
tients undergoing chemotherapy plus hormonal therapy as compared to patients
receiving tamoxifen alone. These results are much more �humbling� for chemo-
therapy advocates than the previous analyses had suggested (8).

The Q-TWiST analyses do have their inherent weaknesses. The model pro-
vides an oversimplification of the phases of treatment with regard to toxicity, and
it equates �utility� or quality of life with toxicity, precluding any consideration
for other impacts of treatment and disease on patients� quality of life. Also, no
costs are included in the model. Despite these limitations, the Q-TWiST method
is highly amenable to the study of adjuvant therapies, as it allows for a toxicity-
adjusted survival analysis and provides easily interpretable data for decision mak-
ing.

Another quality of life analysis in postmenopausal women receiving endo-
crine therapy was undertaken by Hürny et al. (11). The authors conducted a pro-
spective quality-of-life assessment alongside the EBCTG Trial VII. They used a
combination of linear analogue scales for five distinct quality-of-life items. The
study found that patients receiving tamoxifen had higher scores compared to pa-
tients receiving chemoendocrine therapy. However, these differences disappeared
over time as patients adapted to the toxicity of chemotherapy over the duration of
the trial. Patient scores also reflected their anticipation of treatment. An impor-
tant limitation of this study is the choice of quality-of-life instrument. Little is
known of its psychometric properties, and extrapolation of results to different
study settings is thus difficult.

The only economic evaluation found in the literature was a cost-utility analy-
sis carried out by Hillner and Smith (12). The authors followed a similar model-
ing approach as their previous model (5) to assess the cost utility of adjuvant
tamoxifen versus tamoxifen combined with chemotherapy in postmenopausal
women. Using clinical data on the 1992 EBCTG trial results, the authors found a
cost utility of $58,000/QALY for chemoendocrine therapy; however, this ratio
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was highly sensitive to clinical assumptions. Despite the model�s strong concep-
tual basis, it is based on old data of short duration, precludes the comparison of
anthracycline versus nonanthracycline regimens, and uses very low treatment costs,
which probably do not reflect current agents being used. It needs to be updated
with more current trial data.

IV. NEOADJUVANT APPLICATIONS FOR
ENDOCRINE THERAPY

Neoadjuvant endocrine therapy may be offered as an alternative to neoadjuvant
tamoxifen, neoadjuvant chemotherapy, or radical mastectomy and adjuvant hor-
monal therapy or chemotherapy. The intention of therapy is to decrease the need
for radical surgery and aggressive adjuvant treatment through tumor shrinkage;
therefore producing lower toxicity and better quality of life for the patient. More-
over, treatment costs may be decreased owing to fewer recurrences.

An economic evaluation of neoadjuvant administrated endocrine therapy is
difficult within the current randomized clinical trial design for most neoadjuvant
therapies. A cost-effectiveness comparison of two competing endocrine thera-
pies would need to encompass all costs occurring over the full treatment period
and compare them with survival in both groups. However, clinical trials may not
be of a sufficient sample size to address all the hypotheses put forth over the full
treatment period, and they may be concentrated on the neoadjuvant phase of treat-
ment. Whereas a typical neoadjuvant trial may be powered to compare the endo-
crine therapy to tamoxifen (or placebo) in terms of response rates, tumor shrink-
age, and frequencies of breast-conserving therapy, it may not be possible to ad-
dress the most important questions that a breast cancer patient may have. These
are:

� What are my chances if I take this treatment now as opposed to after
surgery?

� How does the benefit of this treatment compare to chemotherapy, which
is also being given before surgery?

� What will be the long-term impact of this treatment on my chances of
survival and the probability of recurrence?

An experimental design to address each of these questions is perhaps unfeasible
in terms of time and expense. Nonetheless, these questions can be addressed in a
decision-analytic model that allows for comparison of treatment outcomes over
the full course of breast cancer treatment. Such a broad conceptual model for
breast cancer is currently being developed by MedTap UK with the support of
Novartis (personal communication), and it may prove to be an excellent tool for
patients and physicians facing these fundamental treatment decisions.
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There exists an extensive literature on quality-of-life evaluations for women
receiving mastectomy versus breast-conserving surgery (13�15). This pioneer
research dismisses the myth that psychological adjustment is �better� in women
receiving breast-conserving surgery as compared to mastectomy and highlights
the individuality of patient preferences in this situation (16). Existing studies also
suggest that women want more information on the outcomes of their surgical
choices, and that the amount and thoroughness of information received affect
their choices. However, not all women may want to exert the right to decide when
offered that choice. These factors will be important in the comparison of benefits
of neoadjuvant endocrine therapies that aim to reduce the occurrence of radical
surgery.

V. CHEMOPREVENTION
Chemoprevention remains somewhat of an unexplored terrain for economic evalu-
ation. The evaluation of chemoprevention warrants a public health paradigm in
which a preventive agent is given to a large population of asymptomatic women in
the hope of preventing eventual illness in a small number of individuals. The mar-
ginal effectiveness of chemoprevention depends not only on the number of can-
cers that are avoided owing to chemoprevention but also on the prognosis of women
in the nonprevented group. In other words, if the control group is receiving ag-
gressive mammographic screening and screening manages to prevent more poor-
prognosis cancers than chemoprevention, the incremental number of deaths avoided
and of life-years saved by chemoprevention will be very small. Much of the suc-
cess of chemoprevention hinges on the identification of high-risk populations in
which prevention may be most effective.

Currently there exist no economic evaluations of chemoprevention; however,
an article by Chlebowski and colleagues (17) presents some tentative figures for
cost effectiveness. Assuming that preventive endocrine therapy may reduce breast
cancer incidence by 40% in a high-risk population of 8000 women, the authors
suggest that 62 cancers would be prevented, of which a third (n = 21) would have
resulted in death. Assuming a cost of nongeneric tamoxifen 20 mg per day of $1000
per year for 5 years, the cost per death prevented amounts to $645,000. Assuming
an average survival of 20 years per cancer detected, this amounts to 420 life-years
saved, and the cost per life-year saved becomes $95,000. By means of comparison,
the cost effectiveness of breast cancer screening in women aged 50�69 years has
been found to be in the order of $30,000�$50,000 per life-year saved in most stud-
ies (18). Although the data put forth by Chlebowski are purely hypothetical, they do
suggest that the cost effectiveness of chemoprevention should be carefully scruti-
nized. Given that the cost of new endocrine therapies is always higher than tamoxifen,
a comprehensive model that encompasses all costs (endocrine agents, all breast
cancer treatment received and avoided) and effects (prevention of breast cancer
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incidence, morbidity and death, cardiovascular and other systemic effects of treat-
ment, patient quality of life) will need to be developed to suitably address this
question. Moreover, delicate questions remain in terms of the impact of preven-
tion on women�s expectation of disease, their psychological response to ineffec-
tive prevention, and their individual choices in terms of ultimate treatment deci-
sions.

VI. COMPARISON BETWEEN DIFFERENT
ENDOCRINE THERAPIES

Although the studies described above are helpful in providing comparative infor-
mation on endocrine therapy versus chemotherapy or combination therapy, they
do not shed light on the relative value of endocrine therapies among themselves.
Moreover, all published studies pertain to tamoxifen, which merely reflects the
current lack of published clinical data on the use of other endocrine therapies in
the adjuvant, neoadjuvant, or preventive setting. Direct comparisons of endocrine
therapies have been conducted in the metastatic setting. In a recent report (19),
the cost effectiveness of letrozole versus megestrol acetate as a second-line hor-
monal therapy in postmenopausal women is modeled based on the results from
the AR/ BC2 trial and UK treatment patterns and cost data. Letrozole is associ-
ated with an incremental cost effectiveness of £3588 per life-year saved; thus,
making it a very cost-effective treatment option in postmenopausal women with
advanced breast cancer.

As new endocrine therapies, namely, aromatase inhibitors, move into the pri-
mary treatment of breast cancer, more information will be required on their re-
spective impact on patients� quality of life, it is likely that the demand for direct
comparative analyses of endocrine therapies will increase. A recent publication
by Fallowfield et al. (20) explored the differences between endocrine therapies
in the context of developing a new endocrine-specific (ES) quality-of-life instru-
ment, the Functional Assessment of Cancer Therapy-ES (FACT-ES). This patient-
based module should be administered in conjunction with the FACT for breast
cancer patients (FACT-B), developed by David Cella and colleagues. It contains
30 items, is patient administered, and has demonstrated satisfactory psychomet-
ric properties in different populations of women (21). Its French version is cur-
rently being tested in a Phase IV open-label trial in postmenopausal metastatic
breast cancer patients receiving either letrozole or anastrozole (Novartis, per-
sonal communication).

The publication of the FACT-ES is the first to report in detail the symptoms of
patients receiving different endocrine therapies, although previous reports have
suggested that patients� assessment of endocrine symptoms differ from that of
their physicians (22). The authors compared FACT-ES scores among treatment
groups as well as for different phases of treatment (advanced vs. adjuvant setting).
FACT-ES scores showed high sensitivity to treatment effects over time. Differ-
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ences between treatments were observed on two particular symptoms: vaginal
dryness and hot flushes. Patients receiving megestrol acetate and adjuvant che-
motherapy complained the most of vaginal dryness, whereas patients receiving
tamoxifen reported the most hot flushes. No differences were observed in endo-
crine scores of advanced-disease patients with respect to patients with early breast
cancer.

The interest of these results is that they allow a detailed comparison of the
side effects of different endocrine treatments from the patient�s perspective. Un-
fortunately, the study was limited to a restricted number of treatment compari-
sons, and no patients taking letrozole were included. Further studies using the
FACT-ES may provide useful data to patients on the relative side effects of com-
peting endocrine therapies, and may hopefully facilitate their selection among
these treatments.

VII. CONCLUSIONS AND FUTURE CHALLENGES
As more treatment alternatives for early breast cancer become available and pres-
sures on health care budgets force further choices between competing treatments,
it is likely that more attention will be paid to the economic aspects of endocrine
therapy. Endocrine therapy may offer a high-efficacy and low-toxicity treatment
option to women with early breast cancer. However, the field of quality of life and
health economics is still in its infancy in this area, and future analyses need to
evaluate the value of endocrine therapies other than tamoxifen in the early breast
cancer setting. If research questions are well articulated, appropriate methodolo-
gies are rigorously applied, and results from analyses well communicated, eco-
nomic evaluation may play an important role toward improving the knowledge of
the resource implications of clinical practice, as well as provide a comprehensive
perspective on the value of clinical decisions, weighing factors of cost, survival,
clinical benefit, and patient quality of life. Although decisions should by no means
be based solely on the economic profile of competing therapies, factors of cost
and quality of life should be weighed against survival and clinical benefit, indi-
vidual patient preferences, and cultural and other considerations in order to arrive
at the best care for breast cancer patients. The onus is on outcomes researchers to
conduct studies following clear and rigorous methods, and always to position their
findings within a relevant clinical context.

Hand-in-hand with the need for further research is the need for further sensi-
tization of physicians to the potential role of health economics data in the early
breast cancer setting. Recent surveys of oncologists would suggest that, although
oncologists consider quality of life an obvious endpoint in the palliative setting,
they do not consider it of importance in a curative setting. This perspective is
regrettable, especially given the tendency of many oncologists and patients to
overestimate the benefits derived from adjuvant chemotherapy (23,24). More-
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over, as the quality of life literature in mastectomy has shown, the only valid assess-
ment of quality of life is that directly reported by the patient, and breast cancer
patients� perspectives on the impact of treatment on their quality of life may vary
significantly from the perceptions of their physicians.

As patients become much more informed about the treatment options avail-
able to them, physicians will be under increasing pressure to better communicate
evidence of the relative value of different treatment options. The �value� of treat-
ments must balance the likelihood of local tumor control and survival, the burden
of treatment on the patient, the impact of treatment on costs, and individual pa-
tient preferences. For health care researchers, the challenge is to communicate
better the rationale, methods, and results from economic evaluations including
quality-of-life studies, so that these findings may be better understood by physi-
cians and incorporated into clinical decision making. Indeed, any advances in this
growing field of research will require an implicit commitment from physicians
and nurses, patient groups, policy makers, and researchers to strive constantly to
find a better articulation between research, policy, and practice. Whichever the
perspective, the objective must always be to improve the quality of care received
by breast cancer patients at all states of their illness.

REFERENCES
1. Uyl-de Groot C, Touw CR. Economic evaluation of cancer treatments: methodologi-

cal and practical issues. Anti-Cancer Drugs 1998; 9:835�841.
2. Williams C, Coyle D, Gray A, Hutton J, Jefferson T, Karlsson G, Kesteloot K, Uylde

Groot C, Wait S. European School of Oncology Advisory Report to the Commission
of the European Communities for the Europe Against Cancer Programme: Cost-
effectiveness in Cancer Care. Eur J Cancer 1995; 31A(9):1410�1427.

3. Doward LC, McKenna SP. Evolution of quality-of-life assessment. In: Rajagopalan
R, Sheretz EF, Anderson RT, eds. Care Management of Skin Diseases: Life Quality
and Economic Impact. New York: Marcel Dekker, 1997:9�33.

4. Wait SH. Economic evaluation of endocrine therapy in the treatment of breast can-
cer. Anti-Cancer Drugs 1998; 9:849�857.

5. Smith TJ, Hillner BE, Desch CE. The efficacy and cost-effectiveness of adjuvant
therapy of early breast cancer in premenopausal women. J Clin Oncol 1993; 11: 771�
776.

6. Early Breast Cancer Trialists� Collaborative Group. Systemic treatment of early breast
cancer by hormonal, cytotoxic or immune therapy. Lancet 1992; 339:1�15.

7. Early Breast Cancer Trialists� Collaborative Group: tamoxifen for early breast can-
cer: an overview of the randomized trials. Lancet 1998; 351:1451�1467.

8. Hillner BE. Review of cost-effectiveness assessments of chemotherapy in adjuvant
and advanced breast cancer. Anti-Cancer Drugs 1998; 9:843�847.

9. Goldhirsch A, Gelber RD, Simes RJ, Glasziou P, Coates A. Costs and benefits of
adjuvant therapy in breast cancer: a quality-adjusted survival analysis. J Clin Oncol
1989; 7:36�44.



154 Wait

10. Gelber RD, Cole BF, Goldhirsch A, et al. Adjuvant chemotherapy plus
tamoxifen compared to adjuvant chemotherapy in post-menopausal node-
positive breast cancer. Lancet 1996; 347:1066�1067.

11. Hürny C, Bernhard J, Coates AS, et al. Impact of adjuvant therapy on
quality-of-life in women with node-positive operable breast cancer. Lan-
cet 1996; 347:1279�1284.

12. Hillner BE, Smith TJ. Estimating the efficacy and cost-effectiveness of
tamoxifen (TAM) versus TAM plus adjuvant chemotherapy in post-meno-
pausal node-positive breast cancer. A decision-analysis model (abst 46).
Proc Am Soc Clin Oncol 1992; 11:55.

13. Lasry JCM. Women�s sexuality following breast cancer. In: Osoba D, ed.
Effect of Cancer on Quality-of-Life. Boca Raton. FL: CRC Press,
1991:215�227.

14. Fallowfield LJ, Hall A. Psychosocial and sexual impact of diagnosis and
treatment of breast cancer. Br Med Bull 1991; 47:388�399.

15. Kiebert GM, de Haes JCJM, van de Velve CJH. The impact of breast-
conserving treatment and mastectomy on the quality-of-life of early-stage
breast cancer patients: a review. J Clin Oncol 1991; 9:1059�1070.

16. Till JE, Sutherland HJ, Meslin EM. Is there a role for preference assess-
ments in research on quality-of-life in oncology? Qual Life Res 1992;
1:31�40.

17. Chlebowski  RT, Butler  J ,  Nelson A,  Lil l ington L.  Breast  cancer
chemoprevention. Tamoxifen: current issues and future prospective. Can-
cer 1993; 72(3 suppl):1032�1037.

18. Wait S. The cost-effectiveness of breast cancer screening in France: from
research to policy. In: F. Calvo et al., eds. Breast Cancer Advances in
Biology and Therapeutics. John Libbey Eurotext, 1996.

19. Nuijten M, Meester L, Waibel F, Wait S. Cost-effectiveness of letrozole
in the treatment of advanced breast cancer in postmenopausal women in
the UK. Pharmacoeconomics 1999; 16:379�397.

20. Fallowfield LJ, Leaity SK, Howell A, Benson S, Cella D. Assessment of
quality-of-life in women undergoing hormonal therapy for breast cancer:
validation of an endocrine symptom subscale for the FACT-B. Br Cancer
Res Treat 1999; 55:189�199.

21. Brady MJ, Cella DF, Mo F, et al. Reliability and validity of the Func-
tional Assessment of Cancer Therapy-Breast (FACT-B) quality-of-life
instrument. J Clin Oncol 1997; 15:974�986.

22. Leonard RCF, Lee L, Harrison ME. Impact of side-effects associated with
endocrine treatments for advanced breast cancer: clinicians� and patients�
perceptions. T Breast 1996; 5:259�264.

23. Rajagopal S, Goodman PJ, Tannock IF. Adjuvant chemotherapy for breast
cancer: discordance between physicians� perception of benefit and the
results of clinical trials. J Clin Oncol 1994; 12:1296�1304.

24. Ravdin PM, Siminoff IA, Harvey JA. Survey of breast cancer patients
concerning their knowledge and expectations of adjuvant therapy. J Clin
Oncol 1998; 16:515�521.



Panel Discussion 3
Health Economics Aspects of Endocrine
Therapy
November 12, 1999

List of Participants
Ajay Bhatnagar Basel, Switzerland
Michael Dixon Edinburgh, Scotland
Paul Goss Toronto, Ontario, Canada
Henning Mouridsen Copenhagen, Denmark
Ahn Myoung Ock Seoul, Korea
Nam-Sun Paik Seoul, Korea
Suzanne Wait Strasbourg, France

Michael Dixon: I would like to challenge a couple of things you said. First of
all, there are some new data which are coming out now showing that
patients treated for breast conservation do have a better quality of life.
The concern about breast conservation has always been the increased
risk of local recurrence, and that is what has held the quality of life
back. What seems to be happening in the newer studies is that patients
are becoming more convinced that breast conservation is equivalent to
mastectomy. There are some studies that now are being presented
showing improved quality of life by breast conservation is not neces-
sarily better than that of patients undergoing mastectomy. Importantly
for surgeons, there is now good evidence that cosmetic outcome after
breast conservation also enhances quality of life with low levels of
anxiety, depression with improved body image, and self-esteem in pa-
tients with a good cosmetic out-

155



156 Panel Discussion 3

come. I think from the surgical perspective, it is not merely a matter
anymore of chopping a lump out, and thinking that we have done a
decent job at leaving half a breast there. I think one of the quality-of-
life issues which has not been addressed greatly is the benefits patients
get from breast conservation when it is well or poorly performed. We
seem to be assessing endpoints and morbidity of chemotherapy in quite
a lot of detail, but we have been fairly slow to look at surgical out-
comes. Do you see any future in putting the surgeons under the micro-
scope as well as the oncologists?

Suzanne Wait: I hope I did not give the message that I believe that mastec-
tomy is better than breast conservation. That was certainly not my
intention. What I tried to present was just existing data. I completely
agree with your comments, and I would like to point out what was not
illustrated in a slide�that these data are actually quite old. They date
back to 1991, which I think is old in the history of mastectomy and of
quality-of-life research. I think one of the unfortunate things with eco-
nomic evaluations and quality-of-life analyses is that they always are a
step behind in a sense what the clinical results may be, because we
obviously rely on clinical trial results. It is once you have the clinical
trial results in hand that we can start to look at economic and quality-
of-life aspects. To my knowledge, there are not very many recently
published quality-of-life studies that explore this question. It is defi-
nitely an area where I think that the analyses that are conducted need
to be much more sophisticated, going far beyond looking at the short-
term ramifications of the extent of surgery. A much more long-term
perspective needs to be adopted.

Paul Goss: Actually we have just had a paper accepted for publication be-
tween the MD Anderson Hospital and Princess Margaret on quality of
life following mastectomy versus breast-conserving surgery: To our
surprise, the data which emerged from our study were that quality of
life was markedly superior in women receiving breast-conserving sur-
gery for the initial 24 months of follow-up. And thereafter the curves
completely reversed, and the quality of life in mastectomy patients
long-term was superior to conservative surgery patients. We do not
know the explanation for this, but we hypothesize that it may be driven
by concern regarding recurrence in women treated conservatively and,
once adjustment to body image has taken place over time, in women
treated by mastectomy.
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Suzanne Wait: In one of the earlier papers published in the late 1980s or
the early 1990s, the authors suggest that it was different aspects that
were more favorable early than later depending on the type of sur-
gery. Also, women adapted very differently to the disease, but the
main issues in terms of the really psychological impact of having a
disease remain there regardless of the type of surgery received. There
may be other confounding factors as well, which may affect the
results seen.

Henning Mouridsen: Just before we leave the discussion about this sub-
ject, may I ask you again which fraction of the patients with mastec-
tomy had a reconstruction later? And were they still included in the
analysis of quality of life following mastectomy?

Paul Goss: We actually did not include any patients with reconstruction in
the study for that very purpose. We did not want to confound the
quality-of-life analysis. We believe that is a separate study that needs
to be done carefully.

Henning Mouridsen: But, if you did not include patients with secondary
reconstruction, your mastectomy group is a highly selective group?

Paul Goss: We included long-term follow-up patients. Reconstructive sur-
gery was not being practiced widely in Canada in the time period we
studied.

Suzanne Wait: Another argument I did not bring up in my talk is that the
results of quality-of-life analyses depend on what instruments you
are using. I do not know what instrument you used in your analysis,
but quality-of-life analyses that focus on specific symptoms, for ex-
ample, that may be very relevant 24 months after having mastec-
tomy but completely irrelevant 5 years later, will obviously give very
different results, or may present different advantages to one surgical
option versus the other as compared to a more comprehensive in-
strument.

Ahn Myoung Ock: I would like to ask both Dr. Wait and Dr. Goss. As
you indicated the quality-of-life issues really differ in terms of any
aspects of quality of life�the economic terminology will differ from
psychological aspects of quality of life. So I would like to know
whether there were only the psychological aspects of quality of life?
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Suzanne Wait: Dr. Goss was saying that he was only looking at the quality
of life aspect. There are different methodologies used to address
very different questions. The cost�utility analysis is basically an eco-
nomic evaluation where survival is weighted by a quality-of-life pa-
rameter, that of utility. It does not constitute a quality-of-life analysis
per se.

Ahn Myoung Ock: Both of you have addressed different aspects of qual-
ity of life. So I would like to point out that it is important to make the
distinction between analysis of the psychological impact of treatment
on the patient (quality of life), and an economic analysis which in-
cludes a cost component.

Ajay Bhatnagar: You said a couple of things which give rise to the follow-
ing issue. You said that publications from 1991 and 1992 are very old,
and you also said that during these quality-of-life assessments you
are trying to match relatively hard scientific data with perceptions
which are fairly soft, because they are the subjective view of either
patients or people. In that case, quality-of-life data are certainly not
going to be very time resilient. Since society is changing very rapidly
today, you are going to have very different results when society�s
perceptions change 2 years from now compared to today. So you
will have to do these studies repetitively maybe on a year-by-year
basis or maybe on an every two-year basis?

Suzanne Wait: I am going to challenge you there, on your use of the
terms hard and soft data. The separation between hard and soft
data is a very relative one, and what one often refers to as hard
data depends on perceptions as well. With quality-of-life data,
you are looking at the perceptions of patients. You are not trying
to replicate an assay over time. It is a different perspective, it is
definitely challengeable, sometimes from a methodological stand-
point, but I would argue so are clinical data at times. In terms of
the data being �old,� when I said old, I meant especially in quality-of-
life research. This is definitely an evolving science, and the instru-
ments that are being used today are still being validated, and some
are very well validated, but others are not. No, of course, you do not
have to redo the study every year, just as you do not have to redo clinical
studies every year. However, the research question that was addressed in
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these �older� studies, the ones that I was quoting anyway, was fairly
simple, and they were really looking at mastectomy versus breast-
conserving surgery and in a fairly short time frame. And, I think now
the audience for this type of data is more sophisticated, and they don�t
just want to know the impact of the type of surgery, but the long-term
consequences of surgical choices. So, it is perhaps a more sophisti-
cated paradigm and a fairly new one, I would argue.

Ajay Bhatnagar: If I just could follow that up, Suzanne. I think you misun-
derstood the question I was asking. What I was saying is that, since
perceptions change, and perceptions are based on the information that
one has, then the amount of information one has changes with time.
Today there is a tremendous explosion in information, with much more
information being available more widely to the general population from
which the patients come. Thus, the analysis you make which relates
value to the patient�s perception of value is also going to change. So
you have continuously changing parameters, and these very variable
parameters may not be the same 2 years from now and could not have
been 4 years previously.

Suzanne Wait: Yes, of course, and the results of the studies, again like clini-
cal studies, depend on the population, the time frame, and the quality
of the outcomes you are measuring. And, by no means should the
results of cost analyses and quality-of-life analyses ever replace deci-
sion making. However, I think it is important to provide this informa-
tion in a scientific manner that is in an experimental context. You can-
not say obviously that, because 90% of women in this study preferred
mastectomy, that all women prefer mastectomy. These are individual,
patient preferences, and also physician preferences will always enter
into play. And I think that it will always be the challenge of how to use
these data and bring them from scientific papers to the bedside with
the patient.

Henning Mouridsen: Can I just ask you about the economics? You gave
figures for specific subgroups of breast cancer patients having had
different treatments, tamoxifen or chemotherapy or the combination,
and the figures were approximately from $4000 to $200,000 per life-
year gained. How is this economic level for treatment of breast cancer
patient compared to other areas of medicine?
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Suzanne Wait: When cost-effectiveness analyses started, the idea was that
you had this wonderful laundry list of all the possible therapeutic inter-
ventions, and then you would be able to say; �Oh, there is my thresh-
old, I take all these, and I reject all these.� There is a publication that is
often disputed, but everyone quotes it. It is a Canadian publication, in
which they try to set some kind of framework for what are acceptable
cost-effectiveness ratios, and the cut-off level is $30,000 per quality-
adjusted life-year (QALY). This publication appeared in 1995, I be-
lieve. Again, it is always difficult as a health economist to present the
data. Whenever you put dollar signs down there, people expect them
to be very precise and definite to provide an answer. The whole idea
behind cost-effectiveness analyses, and economic evaluation in gen-
eral is that you are comparing things in relative terms. So, the idea is
that it is not really important whether it is $30,000 per QALY. What is
important, if, for example adjuvant endocrine therapy is $30,000 per
QALY and treatment of hypertension is $2000. So in this case you
could say the value of treating hypertension is �better� than adjuvant
endocrine therapy. But to answer your question, the threshold is usu-
ally $30,000. Anything under $30,000 is obviously great value, but
anything above $100,000 per QALY is considered the area where you
start asking yourself questions about the relative value of your invest-
ment.

Nam-Sun Paik: But your instances in the 1989 data are not proper for
your lecture, because the oncologists consider the patient in terms
of patient survival, and the costs, and also the quality of life. But,
in 1989, too many doctors questioned the proper treatment. In
1997, for breast cancer treatment, patients can have chemotherapy
and hormonal therapy depending on the estrogen receptor (ER)
status. Nowadays we have to take some good instances to lec-
ture the quality of life or the cost?

Suzanne Wait: I agree with you. The data I presented unfortunately
reflect what is available in the economic literature on endocrine
therapy. Obviously there are more updated clinical data. How-
ever, economic analyses and quality-of-life analyses based on these
data today have not been published, otherwise I would have pre-
sented them.
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I. ABSTRACT
Aromatase inhibitors have established themselves in the treatment of advanced
breast cancer. Recent data suggest that they may supplant tamoxifen as first-line
endocrine therapy in breast cancer patients. Their use as alternative therapy, or in
combination, or in sequence with tamoxifen is now the subject of adjuvant therapy
clinical trials. In addition to their effect on recurrent local and distant disease in
this setting, data will also be obtained on their ability to reduce contralateral pri-
mary tumors and also on their effects on other end organs and on the general and
menopause-specific quality of life. These data may support a potential role for
this class of drugs as chemopreventatives of breast cancer. In preclinical experi-
ments, the third-generation inhibitors have shown a potent ability to prevent tu-
mor induction and growth in carcinogen-induced rat mammary tumor models. Pilot
studies of letrozole are underway in healthy postmenopausal women to ascertain
its effect on breast density as a surrogate for breast cancer risk and on other target
tissues. Surrogate markers of breast cancer risk such as dense mammogram,
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dense bones, and elevated plasma estradiol may be one way of selecting specific
subsets of women for chemoprevention with aromatase inhibitors.

II. INTRODUCTION
Breast cancer remains a serious public health concern. In Canada alone, approxi-
mately 20,000 women and their families are affected by the diagnosis annually,
and approximately 5000 will die from their disease (1). Reductions in mortality
from breast cancer have been achieved by earlier diagnosis and treatment as a
result of increased public awareness and mammographic surveillance, improved
surgical and radiation techniques, and the implementation of increasingly effec-
tive chemotherapy and endocrine therapy. However, because of the systemic na-
ture of the disease from the time of earliest detection, gains from these strategies
are likely to remain modest. Chemoprevention of breast cancer is therefore an
important goal, because, if achievable, it is most likely to lead to the greatest
reduction in breast cancer mortality. In this chapter, the association of estrogen
and breast cancer risk is outlined and the current status of chemoprevention of
breast cancer with endocrine therapies is reviewed. The potential application of
aromatase inhibitors specifically as chemopreventatives of breast cancer is then
discussed.

III. ESTROGEN AND BREAST CANCER RISK

Preclinical, clinical, and epidemiological data strongly support the role of estrogens
in the development and growth of breast cancer. However, estrogen-induced car-
cinogenesis has not yet been explained at a molecular level (2).

The potential mechanisms involved include the alkylation of cellular molecules
and/or the generation of active radicals that may damage DNA (3). In addition,
estrogen itself or some of its reactive metabolites (e.g., the catechol estrogens)
may have genotoxic effects (4).

Based on epidemiological data, it has been proposed that breast cancer risk is
determined by the cumulative exposure of breast tissue to bioavailable estrogens
and the resulting mitotic activity (5,6).

Exposure to estrogens and other sex hormones in a woman occurs mainly in
the reproductive period taking into account her pregnancies. This is supported by
the finding that early age at menarche, late age at first birth, and exogenous estro-
gen replacement therapy (ERT) all are associated with increased risk of breast
cancer (6,7), whereas early menopause lowers the risk (8) (Fig. 1).

Estrogen homeostasis is complex and dependent on its synthesis, tissue re-
sponsiveness, and catabolism. Any of these three mechanisms are potential tar-
gets for an antiestrogen mechanism. Recent clinical trials have provided us
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 Birth 12y 50y

Menarche Reproductive Life Menopause Postmenopause

↑ Risk: ↓ Risk:
� Early menarche � Late menarche
� Nulliparity/late 1st pregnancy � Early/multiple pregnancies
� Late menopause � Early menopause/oophorectomy
� HRT � Antiestrogens

FIGURE 1 Estrogen and breast cancer risk.

with data regarding the chemopreventative effects of two selective estrogen re-
ceptor modulators (SERMS), tamoxifen and raloxifene. These compounds are
partial agonists/antagonists on target tissues. It is important to review the reduc-
tion in breast cancer risk as well as other end organ effects of these SERMS in
|order to compare and contrast the potential role of aromatase inhibitors in breast
cancer prevention to them.

IV. ANTIESTROGEN CHEMOPREVENTION OF BREAST
CANCER WITH SERMS

The most widely studied SERM is tamoxifen, a nonsteroidal antiestrogen, which
has been in clinical use for over 20 years. Tamoxifen has been shown to be effective
in the treatment of metastatic breast cancer, as adjuvant therapy for early-stage
breast cancer, and, most recently, as a preventative agent (9�16).

Importantly, from the adjuvant tamoxifen overview data and from the NSABP
B-14 trial, reduction of contralateral breast cancer gave the first clue that
tamoxifen might be a potential chemopreventative (10). Reduction in contralat-
eral breast cancer rates was also seen in the Early Breast Cancer Trialists Col-
laborative Group (EBCTCG) meta-analysis which showed a 13, 26, and a 47%
reduction after 1, 2, and 5 years of tamoxifen, respectively (17). In 1992, the
NSABP initiated a chemoprevention trial with tamoxifen. Their P1 trial of
tamoxifen versus placebo enrolled 13,388 well women at increased risk of breast
cancer; defined as women over the age of 60 years or women aged 35�59 years
whose 5-year risk of developing breast cancer (by the Gail model) (18) equaled
or exceeded that of a 60-year-old woman. A highly significant (P = .00001) 45%
decrease in the relative risk of developing cancer in the tamoxifen treatment group
(14,15,19) was observed. Recently published data show that tamoxifen reduced
the risk of invasive breast cancer by 49% (P < .00001)  with a cumulative inci-
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dence (over 69 months) of 43.4 cases versus 22.0 cases per 1000 women in the
placebo and tamoxifen groups, respectively. This risk reduction occurred in all
age groups <49 (44%), 50�59 (51%), and 60+ (55%). Tamoxifen was also shown
to reduce the incidence of noninvasive breast cancer by 50% (P < .002). There
is no survival difference reported in this trial population to date. Tamoxifen
reduced the occurrence of estrogen receptor (ER)-positive tumors by 69% (RR
= 0.31; 95% CI = 0.22�0.45) but did not affect the incidence of ER�negative
tumors. The natural history and outcome of the cancers that occurred in women
in this trial is as yet unknown. Tamoxifen was shown to have a beneficial effect
on hip, radius, and spinal fractures with a 19% reduction in fractures that al-
most reached statistical significance (RR = 0.81; 95% CI = 0.63�1.05). However,
tamoxifen was found to increase the risk of endometrial cancer (RR = 2.53; 95%
CI = 1.35�4.97). This increased risk was observed predominantly in women
aged >50 years. The rates of stroke (risk ratio 1.59; 95% CI = 0.93�2.77), pulmo-
nary embolism (risk ratio 3.01; 95% CI = 1.15�9.27), and deep vein thrombosis
(risk ratio 1.60; 95% CI = 0.91�2.86) were also elevated in the tamoxifen treat-
ment arm; again predominantly in women age >50 years (16).

Two European tamoxifen chemoprevention trials (the Italian and the Brit-
ish) (20,21) were also conducted, neither of which showed a reduction in risk
with tamoxifen. Several things might explain the differences between the Euro-
pean trials and the P-1 study (22,23). Since the chemopreventative effects of
tamoxifen were greater in older women and with longer treatment duration in P-
1, the young, low-risk study population (only 12% were over 60 years of age,
48% were hysterectomized, no risk factors were required) and the problems
with compliance in the Italian trial might have accounted for differences. Dis-
similarities in study cohorts could also have contributed to the different out-
comes of the British study from P-1. The relatively young study population
with a strong family history in the British trial may not be as susceptible to a
chemopreventive effect of tamoxifen as the women in P-1, who were selected
according to more nongenetic risk factors. In addition, the shorter duration of
follow-up in P-1 as compared to the British trial might have also played a role.
Overall, the results of P-1 seem to be robust for the cohort observed, particu-
larly because they are consistent with the preventive effect of tamoxifen on
contralateral breast cancer in the adjuvant setting.

A detailed analysis of health-related quality of life in women on P-1 was
published recently (24). Women on tamoxifen experienced significantly more
vasomotor and gynecological symptoms than women on placebo, but this did
not contribute to a reduction in quality of life or an increase in depression as
measured by the MOS SF-36 and CES-D quality of life questionnaire instruments,
respectively. This important clinical trial established the proof of principle that breast
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cancer risk reduction could be achieved with the use of a SERM. However, in
reviewing the NSABP P-1 study results, it was decided that although efficacy
had been demonstrated in all subsets of women in terms of breast cancer re-
duction, the therapeutic index of the drug was such that its use should be
recommended outside of a clinical trial only in women at increased risk of
breast cancer.

In the multiple outcomes of raloxifene evaluation (MORE) trial, another
SERM, raloxifene, was evaluated. Raloxifene is a benzothiophene derivative
that appears to act as an estrogen antagonist in breast tissues but as an estro-
gen agonist with respect to its effects on circulating lipids and bone. In the
uterus, raloxifene causes minimal endometrial thickening after prolonged therapy
and no increase in uterine cancer as is seen with tamoxifen (25�29).

In the MORE trial, the patient population (n = 7705) included postmeno-
pausal women up to 80 years of age who had osteoporosis (defined as hip or
spine bone mineral density [BMD] T score = 2.5 or presence of vertebral frac-
tures) and no history of breast or endometrial cancer. Women were randomized
to receive raloxifene (60 or 120 mg) or placebo daily. This trial was designed to
test the hypothesis that raloxifene would lower the risk of fractures in the
study population. At a median follow-up of 40 months, 54 cases of breast
cancer were included in the analysis: 12 classified as ductal carcinoma in situ
and 40 as invasive (2 had insufficient data to classify). Of the 40 cases of
invasive cancer, 13 occurred on raloxifene and 27 on placebo (RR 0.24; 95% CI
= 0.13�0.44; P < .001). This difference is statistically significant in showing that
raloxifene markedly reduced the incidence of breast cancer, although the study
was not designed to test this hypothesis (30).

Raloxifene was also shown to decrease the risk of ER-positive breast cancer
by 90% (RR 0.10; 95% CI = 0.04�0.24) but not ER-negative tumors (RR 0.88;
95% CI = 0.26�3.0). Although raloxifene did not increase the risk of endometrial
cancer (RR 0.8; 95% CI = 0.2�2.7), in the women who underwent transvaginal
ultrasound, endometrial thickness was increased by 0.01 mm in the raloxifene
arm and decreased by 0.27 mm in the placebo group (P < .01). In addition, 14.2%
in the raloxifene group and 10.1% in the placebo arm had an endometrial thick-
ness >5 mm (P = .02) and 3.3% (raloxifene) and 1.5% (placebo) had an endome-
trial thickness that had increased by more than 5 mm compared with baseline (P
= .03). Raloxifene also increased the risk of venous thromboembolic disease
(RR 3.1; 95% CI = 1.5�6.2). The findings of the MORE trial are important, since
raloxifene appears only to be slightly uterotrophic, but it has beneficial effects
on the breasts, on bones, and on the lipid profile (28�31).

When evaluating the benefits versus risks, that is, the therapeutic index of
these interventions, all effects on peripheral tissues have to be taken into
account. This is also of particular importance if considering the use of aromatase
inhibitors in chemoprevention, and this will be emphasized below.
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V. POTENTIAL APPLICATION OF AROMATASE
INHIBITORS IN BREAST CANCER PREVENTION

Aromatase inhibitors block the enzyme complex responsible for the final step in
estrogen synthesis: the conversion of androgens to estrogens (Fig. 2). In consid-
ering the use of aromatase inhibitors in the chemoprevention of breast cancer, a
number of important parameters need to be considered. These are shown in Table
1.

A. Therapeutic Index
Antiestrogen strategies for the chemoprevention of breast cancer are intimately
related to the function of estrogen in other target tissues. This point has been
highlighted in the review above of the SERMS as chemopreventatives, or
�chemoprotectors.� Because of the apparent �pure� antiestrogenic effects of
aromatase inhibitors, these agents may at first seem unsuitable as breast cancer

FIGURE 2 The role of aromatase in estrogen biosynthesis.
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TABLE 1 Issues Related to Aromatase
Inhibitors as Chemopreventatives

Therapeutic index of chemopreventatives
Design of adjuvant aromatase inhibitor trials
Dose/duration issues
Cohorts of high-risk women for pilot studies

preventatives. However, careful analysis of the multiorgan issues involved may
not support this view. An event of breast cancer is an all or none phenomenon
effecting only a small minority of women exposed, whereas effects on bone and
lipid metabolism and on quality of life may potentially impact on all women ex-
posed to the intervention (Table 2).

B. Chemoprevention in Preclinical Models with
Aromatase Inhibitors

A number of experiments have been conducted to determine the efficacy of
aromatase inhibitors in preclinical rat mammary tumor models. For example, Lubet
et al. tested 4-hydroxyandrostenedione (4-OHA) and vorozole in the
methylnitrosourea (MNU)-induced rat mammary tumor model. Animals were
treated by gavage for 7 days before the administration of MNU, which typically
produces highly hormone-responsive tumors. It is known that 4-OHA is conju-
gated extensively by first-pass metabolism and therefore, not unexpectedly, had
minimal

TABLE 2 Therapeutic Index of Chemopreventatives
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antitumor effect. In contrast, vorozole decreased tumor incidence from 100 to
10% and tumor multiplicity from 5.0 tumors per animal to 0.1 tumors per animal
(32) (Fig. 3). These data suggest a potent chemopreventative effect in this hor-
mone-dependent model.

C. Review of Current Clinical Trials with
Aromatase Inhibitors

Letrozole, anastrozole, and vorozole have all shown clinical efficacy when tested
as second-line therapy in postmenopausal women with receptor-positive advanced
breast cancer in progression on tamoxifen. For example, letrozole produced sig-
nificant response rates (23%), duration of response, and time to treatment fail-
ure. Detailed data on the adverse events are available from these trials. In general,
these agents are well tolerated and, at least in these trials, discontinuation of therapy
due to side effects was low (33�35) (Table 3).

A far more relevant and detailed assessment of issues related to efficacy and
toxicity of aromatase inhibitors is being addressed in the current generation of
adjuvant breast cancer trials. These trials are exploring aromatase inhibitors as
alternatives to tamoxifen in combination with tamoxifen and in sequence with

FIGURE 3 Effect of vorozole on mammary tumor incidence.
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TABLE 3 Aromatase Inhibitors Versus Megestrol Acetate

Anastrozole (1
 mg) (combined Vorozole

analysis) Letrozole 2.5 mg (2.5 mg)

ANA MA LET MA VOR MA

RR 10.3% 7.9% 23.6% 16.4% 10.5% 7.6%
p = 0.04

Duration of response � � Not reached 17.9 18.2 12.5
p = 0.02

TTP (mo) 4.8 4.6 5.6 5.5 2.7 3.6
TTF (mo) 6.0 5.0 5.1 3.9  � �

p = 0.04
Survival (mo) 26.7 22.5 25.3 21.5 26.0 28.7

p < 0.025
QoL                                                �                            �        VOR > MA

          (select
        subscales)

Discontinuation due 2.7 3 3.1
  to side effects

RR: response rate; TTP: time to progression; TTF: time to treatment failure; ANA: anastrozole;
MA: megestrol acetate; LET: letrozole; VOR: vorozole; QoL: quality of life.

tamoxifen. The design of these trials is outlined in Table 4. Importantly, rigorous
companion studies are being conducted evaluating organ effects other than on
breast cancer. For example, bone density, bone biomarkers and lipid metabolism,
quality of life (QoL) and menopausal QoL are being carefully evaluated in the
Breast International Group (BIG) and National Cancer Institute of Canada�Clini-
cal Trials Group (NCIC-CTG) adjuvant letrozole trials. Evaluation of all-cause
morbidity and mortality is essential in determining the ultimate clinical utility of
these applications.

D. Alternative Therapeutic Strategies for Aromatase
Inhibitor Chemoprevention Trials

1. Monotherapy
In Sequence with Tamoxifen. Aromatase inhibitors have been shown to

have efficacy after tamoxifen in women with advanced metastatic receptor-
positive disease. Their efficacy may be enhanced by prior treatment with
tamoxifen. Preclinical experimental data have indicated alterations of the estrogen
receptor in prolonged tamoxifen-exposed breast cancer cells, resulting in an estrogen
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TABLE 4 Planned and Ongoing Adjuvant Trials with Aromatase Inhibitors
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�hypersensitivity� state (36). In addition, MCF-7 cells grown in an estrogen-de-
prived medium analogous to tamoxifen blockade have been shown to upregulate
aromatase expression producing estrogen directly for autocrine and paracrine use
and becoming �supersensitive� to estrogen stimulation (37). Concurrent
�tamoxifen dependence� has been demonstrated. Taken together these data sug-
gest that tamoxifen-exposed breast cancer cells may become �exquisitely� and
uniquely vulnerable to aromatase inhibitor therapy and make the results of the
�sequenced� adjuvant trials the most appropriate use of these agents. This prin-
ciple is being tested, for example, in the international adjuvant trial of letrozole
versus placebo in receptor-positive women completing 5 years of tamoxifen treat-
ment.

The impact of estrogen inhibition on other target tissues may well be influ-
enced by prior exposure to tamoxifen. Thus, in postmenopausal women who have
undergone 5 years of tamoxifen treatment, the impact on bone, lipid metabolism,
and cardiovascular risk may be less than in treatment-naïve women. The effect on
vasomotor, gynecological, and other symptoms may also be less as the women
coming off tamoxifen may be more remote from menopausal symptoms.

Finally, some of the residual adverse effects of tamoxifen, for example, en-
dometrial and thromboembolic effects, may be partially reversed by aromatase
inhibition.

As First-Line Therapy. Preliminary data from a recent study suggest the su-
periority of anastrozole over tamoxifen as first-line therapy for metastatic dis-
ease (38). Results from a comparable study of letrozole are expected. Similarly,
a study comparing letrozole to anastrozole as first-line therapy will help to select
the optimal inhibitor. If the aromatase inhibitors appear to be superior to tamoxifen,
they might be considered as initial chemopreventative therapy. On the other hand,
the sequence strategy may overall still be superior and results from Breast Inter-
national Group Femara and Tamoxifen (BIGFEMTA), Anastrozole, Tamoxifen and
Combined (ATAC), and the MA17 trials should help to address this.

In addition, the effects on other end organs such as bone and the cardiovascu-
lar system may be more favorable if the compounds are given in sequence. Ad-
ministration of an aromatase inhibitor in the �early� postmenopausal period may
aggravate menopausal symptoms significantly. Results from the head-to-head
aromatase inhibitor versus tamoxifen trials will provide data in this regard.

2. Combination Therapy
Aromatase Inhibitor Plus a SERM. Preclinical data from Brodie et al. have

suggested that combining an aromatase inhibitor with a SERM may be less effica-
cious than using either compound alone (39). Ingle et al. (40) assessed the phar-
macokinetics in patients receiving tamoxifen prior to the addition of letrozole
and showed no decrease in tamoxifen or its metabolites. However, evidence does
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exist for increased clearance of letrozole when combined with tamoxifen (41).
No such effect has been observed for anastrozole (42). Nevertheless, one of the
three arms of the ATAC trial is a combination of anastrozole and tamoxifen. Not
only will efficacy be assessed compared to tamoxifen and anastrozole alone but
also other endpoint evaluation; for example, QoL, bone and lipid metabolism, and
others. It is possible that efficacy for breast cancer prevention may be demon-
strated but that a negative effect on bone and lipid metabolism may occur. These
negative effects may be overcome by concurrent administration of a SERM. The
potential effects of endocrine chemopreventatives on different end organs are
shown in Table 2.

Aromatase Inhibitor Plus Other Supportive Therapy. In the event that
aromatase therapy reduces breast cancer risk but exerts a negative effect on bone
and lipid metabolism, it is possible that other supportive therapy might override
these effects. For example, the use of vitamin D and calcium as well as
bisphosphonate therapy may overcome any bone problems, and lipid-lowering
agents may have a similar role in the cardiovascular system. Data related to these
concomitant therapies will also be forthcoming from the adjuvant trials.

E. Optimal Dose

An important consideration when choosing a chemopreventative in healthy women
is the dose selected, because it too will determine the therapeutic index of the
intervention. No dose effect has been demonstrated in the anastrozole studies
between 1 and 10 mg (33). Preliminary results from the letrozole studies suggested
2.5 mg to be superior to 0.5 mg (34). However, for chemopreventative purposes,
lower doses might be desirable. Each end organ may have its own level of estrogen
homeostasis and sensitivity to aromatase inhibition. Thus, if estrogen synthesis by
epithelial or interstitial cells in the breast is important in the pathogenesis of breast
cancer, it may be favorable to inhibit this selectively. A very small dose of aromatase
inhibitor may suffice. In this regard, letrozole seems to be superior compared to the
other aromatase inhibitors. In preclinical studies of human breast adipocyte aroma-
tization, letrozole was superior to anastrozole in penetrating the cell and inhibiting
aromatase (43). This may allow very small doses of letrozole to be given as a
chemopreventative even to premenopausal women without perturbing their other
end organs. It is challenging to select an appropriate dose for chemoprevention. To
ensure efficacy it is safest to select a dose which has shown activity in breast
cancer treatment. This is particularly true if one is treating incident cases, but if
efficacy is determined at the level of a premalignant lesion, a smaller dose may be
adequate. Testing of various doses in breast cancer patients or in lesions with a
useful surrogate for efficacy may be the way to determine the minimal effective dose
for chemoprevention.



Chemoprevention with Aromatase Inhibitors 173

F. Optimal Duration
Duration of chemoprevention is another important but difficult decision. Five
years of tamoxifen and raloxifene treatment have been chosen because of the data
pertaining to the optimal duration of therapy for adjuvant breast cancer being 5
years. This 5-year �rule� may apply only to the �treatment� of occult incident
established tumors and not to premalignant lesions. In addition, this rule applies
to tamoxifen, and the phenomenon of aromatase inhibitor resistance may not ex-
ist as it does for SERMS. However, the data generated by Santen (37) indicate
that, under depleting concentrations of estrogen, MCF-7 cells in culture become
increasingly sensitive to diminishing doses of estradiol. In other words, breast
cancer cells will, in the same way as they do when exposed to SERMS, adjust their
growth ability and overcome the therapeutic effect. However, if hydroxylated es-
trogens are indeed carcinogenic, then sustained depletion of these may cause true
prevention of breast cancer and perhaps result in indefinite therapy being the op-
timal chemopreventative strategy. As discussed previously, the efficacy of breast
cancer reduction will need to be balanced against the potential negative effects in
other important target tissues.

VI. PILOT STUDIES OF CHEMOPREVENTION

It is useful when assessing the potential of a novel chemopreventative agent to
consider selecting cohorts of women at high risk for breast cancer with �surrogate
biomarkers� of risk for pilot chemoprevention studies. The risk factors mentioned
above in Section III are epidemiological rather than individual and hence not appro-
priate for selection of women at high risk. The Gail risk assessment has limitations,
particularly in postmenopausal women where its discriminatory power between �all
risk� and �high risk� is limited. A number of clinical markers have recently been
identified which may allow identification of more specific high-risk postmenopausal
women for chemopreventative studies. Three of these will be discussed below.

A. Postmenopausal Plasma Estrogen Levels

In several large prospective, nested, case-control studies, higher free estradiol lev-
els in postmenopausal women have been associated with an increased risk of devel-
oping breast cancer compared to women with lower estrogen levels (44,45).
The osteoporotic fracture study (46) confirmed this relationship by showing a
relative risk (RR) of subsequent breast cancer of 3.2 (95% CI = 1.4�7.0) between
women in extreme quartiles of estrone levels. Thomas et al. (47) also compared
serum estradiol concentrations in postmenopausal women and found



an almost fivefold increase in breast cancer risk (95% CI = 2�12) in the upper
third of the distribution compared to the lower third (Fig. 4).

B. Breast Density on Screening Mammogram
The radiological appearance of the female breast depends on the relative amount
of fat and connective and epithelial tissues present and varies during the lifetime
and from woman to woman. As dense breasts are associated with higher breast
cancer incidence (44), mammography can be used as a means to assess breast
cancer risk. It has been shown that the relative risks of breast cancer range from 4
to 5 between extreme categories of mammographic density (48) (Fig. 5).

A reduction of serum estrogens in women with dense breasts reduces mam-
mographic density, as has been shown by using tamoxifen (49), dietary modifica-
tions (50), and gonadotropin-releasing hormones (51). Further evaluation of
antiestrogenic strategies in reducing breast density and their association with sub-
sequent breast cancer risk should be pursued.

C. Bone Mineral Density and Breast Cancer Risk
The hypothesis that women with a history of osteoporotic bone fractures have a
relatively low risk of breast cancer has been supported by two studies (52,53). On
the other hand, Cauley et al. (54) showed that increased bone mineral density
(BMD) is significantly associated with higher risk of breast cancer. Between

FIGURE 4 Odds ratios for breast cancer in relation to postmenopausal plasma es-
tradiol concentration.



women in extreme quartiles of BMD, a greater than twofold increase of risk was
noted. In a study of Zhang et al., (55), BMD in the highest quartile was associated
with an increased incidence rate of breast cancer of sevenfold and a relative risk
of 3.5 compared to women in the lowest quartile (Fig. 6). These studies empha-
size the relationship between high bone mass as a marker for postmenopausal
estrogen exposure (and perhaps longer exposure) and breast cancer risk (Fig. 7).
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FIGURE 5 Breast cancer risk and mammographic density.

FIGURE 6 Cumulative incidence of breast cancer.



FIGURE 7 Design of dense mammogram study.

Selection of women from any of these �risk factor� groups may be appropri-
ate for chemopreventative pilot studies. We are conducting a randomized trial of
letrozole versus placebo in women with increased density on their screening mam-
mogram (Fig. 8). The participants in this study are a cohort of postmenopausal
women with an elevated risk of breast cancer (48). Careful evaluation of bone and
lipid metabolism, markers of coagulation, quality of life, and meno-pause-spe-
cific quality of life are being undertaken. Treatment duration is for one year, and
the surrogate findings of breast density reduction together with other
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FIGURE 8 Mammograms from two patients showing: (1) normal breast and (2)
breast with extensive areas of radiologically dense breast tissue. (Courtesy of K.
Bukhanov).
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end organ effects will help to decide whether this class of agents may play a fu-
ture role in breast cancer chemoprevention.

VII. CONCLUSIONS
The efficacy of aromatase inhibitors in the treatment of breast cancer has been
established. Preclinical and clinical data suggest that inhibition of estrogen syn-
thesis should result in a reduction in breast cancer risk. Detailed evaluation in
terms of breast cancer recurrence and reduction in contralateral breast cancer
will be forthcoming from the current adjuvant trials. These trials will also provide
comparative data against tamoxifen and in combination and sequence with
tamoxifen. Detailed evaluation of other organ endpoints will also give important
data regarding the toxicity and therefore potential therapeutic index of aromatase
inhibitors in healthy postmenopausal women. Results from ongoing pilot studies
examining the effects on surrogate markers of breast cancer risk and other end-
points will also soon be available from our dense mammogram study. Measures
to protect potential negative effects on organs such as bone may be overcome by
combination therapy with SERMS or concurrent use of agents such as
bisphosphonates. Initial studies of aromatase inhibitors as chemopreventatives
will probably employ standard doses and limit the duration of therapy to 5 years,
although pilot studies exploring lower doses and different durations of therapy
would be useful. Finally, although not addressed in this chapter, application of
aromatase inhibitors in selected high-risk premenopausal women could also be
explored in conjunction with either surgical or medical ovarian ablation and along
similar lines to those discussed for postmenopausal women.
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Mitch Dowsett London, England
Paul Goss Toronto, Ontario, Canada
Henning Mouridsen Copenhagen, Denmark
Ian Smith London, England
Arnold Verbeek Basel, Switzerland
Suzanne Wait Strasbourg, France

Arnold Verbeek:  This was a very exciting talk on an interesting topic. As
you know, in a commercial organization, there are always decisions
to make regarding the priorities for investments we should make and
in which indication areas we ought to be active. I think the prevention
trials are extremely exciting, also for the field of aromatase inhibitors.
But then I look at a full package of data we have currently available.
I think there are lots of exciting data in second-line therapy, but very
minimal data in first-line. There are no data in a different setting.
There are exciting data in preoperative, but very small trials. My ques-
tion to you is: Is it now time to start prevention trials with aromatase
inhibitors? If yes, why? And if no, when is the right time?

Paul Goss:  My personal view is that the efficacy of letrozole has been
established. I do not think I need to be convinced�as I said on one of
the slides�that aromatase inhibitors would reduce the risk of breast
cancer in an analogous way to tamoxifen. I find this hard to
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imagine. So, if I were making a decision, I would not be hesitating on
the efficacy end of the scale. What would make me hesitate right now
is the therapeutic index of the drug and the lack of data on toxicity both
short- and long-term. Dr. Larry Riggs has presented a poster at an
endocrine society meeting on letrozole�s effect on bone biomarkers.
But I do not think we know nearly enough about its effects in that
regard. I do not know whether the adjuvant trial data on biomarkers
will become available before the primary endpoint data. I do not know
whether these data are blinded. We will get some of these data from
the small chemoprevention trial I am doing. So, that is the second
point. And the third point that is difficult is in whom should we try this.
Should we actually go and select women with dense mammograms, or
should we give women with genetic risk a gonadotrophin inhibitor plus
aromatase inhibitor. You have to look at the event rate in the popula-
tion and whether the trial is feasible and justifiable on the potential
therapeutic index of the drug.

Mitch Dowsett: Paul, you were looking at me in the terms of biomarker
data. Certainly within the ATAC (Anastrozole, Tamoxifen, and Com-
bined) trial there is only a subprotocol in which bone density itself is
being measured, and therefore bone density data will only be available
on between 300 and 500 patients. I cannot remember the exact num-
bers. At the moment, there is no plan actually to analyze those before
the main endpoint of the trial comes about. But I believe that the issues
you alluded to are too important that we should, both in the ATAC trial
and the FEMTA trials, be pressing for some way in which statistical
firewalls can be built, so that we can get these early data on bone
lipids.

      One of the findings that came out of the raloxifene studies was
the early bone biomarker data; the bone fracture data rather than the
bone density data predicted fractures better than bone density. And,
therefore, we probably can get data on the impact of the aromatase
inhibitors much earlier than we had initially anticipated. So, I think we
really have to press for these data. And it is entirely possible to build
these statistical firewalls which will not unblind the eventual impact.

Paul Goss: I don�t think we need large numbers of patients to see the effect
on bone biomarkers. If it is going to have a negative effect, it is going
to be demonstrable on a small number of patients. The
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data are very reliable at 3 and 6 months for c-telopeptide or crosslab
measurements. Also, we are giving calcium and vitamins as well as
placebo in the treatment arms in our prevention studies, but they do
not really influence the bone biomarker significantly enough to ob-
scure the negative effect you might see from the aromatase inhibitors.

Ian Smith: These were very persuasive accounts of how we should be thinking
about aromatase inhibition. There is one possible problem�one po-
tential advantage that seems to me selective estrogen receptor modula-
tors (SERMS) may have and you may have alluded to it. And that is
the problem of menopausal flushes, which is a real big problem as
everyone here knows. It seems to me theoretically quite possible that
you could give hormone replacement therapy (HRT) with SERMS.
But I cannot see how there could be any logic in fitting that together
with aromatase inhibition, and just wonder whether you have thoughts
on that.

Paul Goss: I think that is an extremely important point. You know that the
majority of women still take HRT for the alleviation of vasomotor
symptoms, although the pendulum is gradually swinging in the United
States toward taking it for preventive measures. The interesting thing
about vasomotor symptoms is that in the three trials (anastrozole,
letrozole, and vorozole studies) the incidence of hot flushes across the
trials was markedly different. I think it reflected the way these data
were collected. So, the first thing is that I am not sure exactly what the
level of hot flash provoked by aromatase inhibitors actually is. I think
it is surprisingly low, although in theory it should not be. The interest-
ing thing is that the paper just published on the quality of life follow-up
on the NSABP-P1 study showed that vasomotor symptoms and sexual
dysfunction were statistically significantly worsened by tamoxifen. But
they did not impact on the quality of life as reported by women. There-
fore, I believe you have to distinguish between side effects and qual-
ity-of-life impact. They are different.

Suzanne Wait: To comment on that, I think again it depends on what you
are measuring. If you are looking at symptoms, then I agree with you
Paul, these do not equate with quality of life. A lot of these quality-of-
life instruments were designed for sick women. And most of them
were designed to look at the effects of chemotherapy, usu-
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ally in a metastatic setting. Using these instruments in populations of
women with early breast cancer or with a risk of breast cancer may
therefore not be appropriate. But I have another question for you. In a
long-term randomized controlled aromatase inhibitor chemoprevention
trial where you would be looking at the impact on mortality, what
would your comparator be�it would be placebo I would assume�
but what confounding effects would you have to think of? I am think-
ing specifically of how you could account for different kinds of mam-
mography use.

Paul Goss: I think the first question is in whom you decide to study preven-
tion, and where you conduct the study. For example, now in high-risk
women you could not study a chemopreventive intervention in the
United States against a placebo. You would have to do it against
tamoxifen, whereas in Europe, you definitely could. The second point
is, we actually approached various countries to do a chemoprevention
study with another agent in the last 2 years. When we asked the Scan-
dinavian countries, they made the point that if you want to study an
intervention, such as a drug to reduce breast cancer mortality, you
would effectively do that if you did it within the context of an interven-
tion already proven to reduce mortality from breast cancer (for ex-
ample, a national breast cancer screening program). In other words,
do not alter the mammography screening program, just add the cur-
rent intervention.

Henning Mouridsen: Paul, now you and Suzanne started to discuss to-
gether, could you just comment about the estimate of the economic
implications using preventive therapy? The figures were 100-fold
higher than for treatment of breast cancer. What would your com-
ments be to that?

Paul Goss: First of all, I do not understand cost analysis well enough to
give a good answer. The problem I see is that you cannot count hard
events only. How do you count in cost analysis terms the hot flashes
and urogenital or sexual dysfunctions in dollar amounts?

Suzanne Wait: It is also beyond the purview of the economists. The idea is
not to translate absolutely every single outcome into a cost term.
Another thing is that in the data I presented on chemoprevention,
the only costs the authors actually took into account were the
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actual costs of tamoxifen. There was not even an outlook to what the
added costs would be. They looked at one effect, and that was mortal-
ity, and they looked at one cost, and that was the cost of tamoxifen.
So, it was a really, really simplistic model. And as you suggested, a
comprehensive economic evaluation that would really look at
chemoprevention in its full impact would have to be very, very com-
plex.

Paul Goss: One should try to build a model and study it. You should look at
a best- and worst-case scenario for each endpoint. For example, will
aromatase inhibitors cause accelerated fractures? In the worst-case
scenario, you get a group of bone experts to say what is the worst
impact that that could have in this age group. Every endpoint should
be answered like this.
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Immunohistochemistry of Aromatase:
A Recent New Development

Hironobu Sasano, Takashi Suzuki,
and Takuya Moriya
Tohoku University School of Medicine Sendai, Japan

I. ABSTRACT
It has become very important to identify factors that might predict the likely re-
sponse of breast cancer patients to aromatase inhibitor treatment before treatment
starts. In postmenopausal women, aromatase inhibitors are thought to exert their
effects on breast cancer by inhibiting intratumoral aromatase activity or expres-
sion. Therefore, an assessment of intratumoral aromatase activity and/or expres-
sion in surgically resected human breast carcinoma specimens is considered as a
promising predictive marker, which could possibly be used in combination with the
analysis of the presence of estrogen receptor (ER) α.

Biochemical measurement of aromatase activity in resected specimens is gen-
erally considered to be the gold standard method of assessing aromatase activity,
but it is associated with technical problems, including the time-consuming and
laborious nature of the assay. The reverse transcriptase�polymerase chain reac-
tion (RT-PCR) method can demonstrate the presence of aromatase mRNA in
clinical breast cancer specimens, and it requires much smaller amounts of
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breast cancer tissue. However, the results of these assays are greatly influenced
by the ratio of carcinoma cells and cannot be correlated with the nature of the
resected specimens. On the other hand, immunohistochemical analysis of
aromatase in surgical pathology specimens is relatively easy and straightforward,
and can localize the sites of aromatization in the tissue. Therefore,
immunolocalization of aromatase in surgical pathology breast cancer specimens
is considered the most promising method of assessing intratumoral aromatase.
However, this method is also associated with several problems. First, results may
be influenced by the nature of the antibodies used and specimen preparation. Sec-
ond, a scoring system needs to be introduced to provide objective and qualitative
analysis of the immunoreactivity. Therefore, the development of antibodies against
aromatase which can recognize the epitopes of archival materials and a straight-
forward and reproducible scoring system of immunoreactivity to provide bio-
logically inert findings are required to establish aromatase immunohistochemis-
try as the routine method of evaluating intratumoral aromatase in clinical breast
cancer specimens.

II. INTRODUCTION
Estrogens are considered to play important roles in the development and progres-
sion of a large proportion of human breast cancer. Increased aromatase expres-
sion and activity have been reported in human breast cancer compared with cells
in normal breast tissue, with the overexpression of aromatase being considered to
play an important role in the estrogen-related development and progression of at
least some human breast cancers (1�5). Aromatase inhibitor therapy is one of the
endocrine treatments available to breast cancer patients. It has, therefore, become
very important to study which patients may respond when aromatase inhibitor
therapy before it is initiated.

At present, aromatase inhibitors are considered primarily to exert their ef-
fects through the reduction of intratumoral aromatase expression or activity, es-
pecially in postmenopausal women. Some studies have demonstrated that the re-
sponse of breast cancers to aromatase inhibitors is greater when the cancer tis-
sues have detectable aromatase activity; that is, a positive correlation of
intratumoral aromatase activity with response to treatment with various aromatase
inhibitors including aminoglutethimide and hydrocortisone (6,7). If aromatase
inhibitors work by reducing in situ estrogen biosynthesis and concentration, the
cancer cases that respond to treatment should express estrogen receptors (ER).
In human breast cancer, ERα was demonstrated to be the predominant form and not
ERβ, a newly identified ER isoform (8�10). We have also demonstrated a statistically
significant correlation between clinical response to aromatase inhibitors in the pa-
tients of human breast carcinoma and the presence of both ERα and aromatase (un-
published observations). Therefore, it is very important to assess intratumoral
aromatase activity and expression in clinical breast cancer specimens with accu-



FIGURE 1 Immunohistochemistry of aromatase in breast cancer using polyclonal
antibody against the enzyme generated in Dr. Nobuhiro Harada�s laboratory.
Aromatase immunore-activity was detected in the stromal cells.

FIGURE 2 Immunohistochemistry of aromatase in breast cancer using monoclonal
antibody against the enzyme generated in Dr. Evan Simpson�s laboratory. Aromatase
immunoreactivity was detected in the carcinoma cells.



FIGURE 3 Immunohistochemistry of aromatase in normal full-term human pla-
centa using newly developed monoclonal antibody. Aromatase immunoreactivity
was detected in syncytiotrophoblasts.

FIGURE 4 Immunohistochemistry of aromatase in normal cycling human ovary
using newly developed monoclonal antibody. Aromatase immunoreactivity was
detected in the membrana granulosa but not in theca interna cells.
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racy and reproducibility to establish whether intratumoral aromatase with or without
other factors can serve as a predictor of aromatase inhibitor therapy. In this chap-
ter, the advantages and disadvantages of assessment methods for intratumoral
aromatase in clinical breast cancer specimens will be reviewed with an emphasis
on immunohistochemical methods.

III. BIOCHEMICAL ASSESSMENT OF AROMATASE
Biochemical measurement of aromatase activity is generally considered as the
gold standard method for quantitative assessment of aromatase activity (11). How-
ever, this method has several technical disadvantages. First, a relatively large vol-
ume (more than 0.5 g) of fresh or freshly frozen breast cancer tissue is required.
As the average size of the breast cancer clinically detected has become smaller
owing to improvements in mammography or other radiological diagnostic tools,
it is increasingly difficult to obtain the volume of breast cancer tissue needed. In
addition, aromatase activity is very labile, so tissues need to be frozen in liquid
nitrogen immediately after removal to avoid possible degradation. Second, the
assays are cumbersome and time consuming. Therefore, it is relatively difficult
to apply this method to breast cancer patients worldwide as a means of examining
intratumoral aromatase�despite its theoretical importance.

Reverse transcriptase�polymerase chain reaction (RT-PCR) can demonstrate
the presence of aromatase mRNA in clinical breast cancer specimens. This method
is relatively fast and straightforward, requiring much smaller amounts of breast
cancer tissue, although specimens still need to be frozen immediately after re-
section and stored at �80°C or in liquid nitrogen. The RT-PCR method is not a
quantitative assay in itself, but it can demonstrate relative abundance of aromatase
mRNA in clinical specimens using a competitive method for comparing results
to those of internal controls such as β-actin. In addition, alternative splicing of
aromatase mRNA, which is considered to play an important role in the regulation
of aromatase expression in breast cancer tissues (12, 13), can also be examined
from the same preparation of specimens.

However, biochemical assessment methods of intratumoral aromatase are as-
sociated with serious disadvantages, which can greatly influence the results of
clinical breast cancer specimen examinations. Although human breast cancer tis-
sue is composed of tumor and nontumor cells (which include interstitial or stro-
mal cells, vasculature, and adipose cells), these methods treat the tissue as one
mass. In addition, there are diverse histological types of breast cancer, such as
ductal carcinoma, lobular carcinoma, medullary carcinoma, and others. The re-
sults of biochemical analyses are, therefore, easily influenced by the ratio of car-
cinoma to noncarcinoma cells in specimens. Thus, in order to obtain a better un-
derstanding of intratumoral aromatization in human breast cancers, it is extremely
important to correlate the morphological features of lesions with the findings
(14). Although biochemical studies of resected breast cancer specimens, includ-
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ing assays for tumor aromatase activity, have provided important information on
intratumoral aromatase status in human breast disorders, it is nearly impossible
to determine localization of aromatase (14).

IV. IMMUNOHISTOCHEMICAL ANALYSIS OF AROMATASE
The development of antibodies against aromatase and of an immunohistochemi-
cal staining system has made it possible to detect aromatase immunoreactivity in
tissue sections in situ (3�5, 14�17). The advantages and disadvantages of immu-
nohistochemical aromatase analysis in clinical breast cancer specimens are sum-
marized in Table 1.

A. Advantages of Aromatase Immunohistochemistry for
Assessment of Intratumoral Aromatase

Owing to marked improvements in immunostaining methods and the antibodies
used, it is now possible to immunolocalize the increasing number of antigens in
routinely processed specimens (i.e., 10% formalin-fixed and paraffin embedded
tissue). Furthermore, the technique is no longer a cumbersome, laborious, and
time-consuming process, but rather, owing to the technical improvement of
immunostaining methods, it now forms part of routine diagnostic methods which
are incorporated in anatomical pathology laboratories. The process can now be
performed rapidly and without many technical difficulties. Another advantage is
that resected breast cancer specimens, which are fixed in 10% formalin and em-
bedded in paraffin, are stored as archives in the greater majority of hospitals and
institutions in many countries. This method has the enormous potential to provide
information about breast cancer patients worldwide, allowing us to assess
intratumoral aromatase both prospectively and retrospectively.

As expected, immunohistochemical analysis of aromatase can accurately dem-
onstrate the presence of aromatase regardless of the nature of the cancer

TABLE 1 Advantages and Disadvantages of Immunohistochemical Analysis of
Aromatase in Clinical Specimens of Human Breast Carcinoma

Advantages Disadvantages

Relatively easy and can be done in Results greatly influenced by the
   6�18 h    characteristics of antibodies
Can be widely applicable Interobserver and intraobserver

  differences and reproducibility
Localize the site of aromatization and Qualitative but not quantitative
   correlation with histological features
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specimens obtained and the ratio of carcinoma to noncarcinoma or stromal cells
present in the cancer tissues. However, although this method can be applied to
needle biopsy specimens, immunohistochemical analysis does have some disad-
vantages.

B. Disadvantages of Aromatase Immunohistochemistry
for Assessment of Intratumoral Aromatase

1. Antibodies
Immunohistochemistry results can be greatly influenced by the nature or charac-
terization of antibodies employed as a primary antibody of the immunostain. In
previous reports on aromatase immunohistochemistry of breast cancer specimens,
there have been controversies regarding the location of aromatase immunoreac-
tivity in the tissues. Some groups reported aromatase in stromal cells, including
adipocytes (3�5, 17) (Fig. 1) (see color insert for Figs. 1�4), whereas others
reported immunoreactivity in carcinoma cells (15,16) (Fig. 2). These results may
be due to differences in the epitopes recognized by polyclonal and monoclonal
antibodies. In addition, aromatase antibodies need to be able to recognize pro-
cessed tissue (i.e., 10% formalin fixation�resistant epitopes of aromatase mol-
ecules), because this method of sample preparation is routinely used.

2. Fixation and Tissue Processing
As in the immunohistochemistry of other antigens, results are also greatly influ-
enced by the quality of specimen preparations. Delayed fixation usually results in
the degradation of immunoreactivity, leading to misinterpretation of data as false-
negative findings. The time between removal of specimens and fixation should be
as brief as possible, although this is not as critical as with biochemical studies
analyzing aromatase activity and mRNA. The specimens should be trimmed ap-
propriately to ensure sufficient permeation of fixatives into the tissue specimens.
Over fixation should be avoided, as this usually results in the masking of the
epitopes, due to formalin-induced excessive cross-linking of the protein, which
also results in a false-negative reaction. However, these types of false-negative
results may be unmasked by recent developments in antigen-retrieval methods,
such as the autoclave method, microwave irradiation, and others. In any event,
prompt and brief fixation is ideal for the accurate assessment of intratumoral
aromatase if using immunohistochemistry.

3. Interpretation of Aromatase Immunoreactivity in
Breast Cancer Specimens�Scoring System or
Semiquantitative Approaches

The most serious disadvantage of using aromatase immunohistochemistry as a
method of assessing intratumoral aromatase may be the lack of quantitative data
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produced compared to biochemical studies. Whether in cancer or stromal cells,
aromatase immunoreactivity is located in the cytoplasm of cells, making it ex-
tremely difficult to obtain the number, or ratio, of ER-positive cells or labeling
index of aromatase, in immunostained slides. It is relatively easy to obtain the
labeling index of nuclear antigens, such as ERα or Ki-67 (one of the prolifera-
tion markers associated with nuclear antigens) either by routine light micro-
scopic examination or computer-assisted image analysis (18).

Semiquantitative analyses of aromatase immunoreactivity in tissue speci-
mens have been performed using two different approaches. One is the use of
the CAS200 computed image analysis system (19�21). Using this program, the
total optical density (OD) of aromatase visualized by diaminobenzidine in the
cytoplasm was calculated from the 500-nm channel, and the number of nuclei
stained by ethyl green was calculated from the 620-nm sensor. The percentage
of positively immunostained areas of the tissue sections per case were then
subsequently calculated by computer. The correlation between aromatase la-
beling index and the percentage of aromatase-positive areas was significant in
the specimens examined by CAS 200 (19). However, this approach requires
relatively expensive image analyzers and supporting computer programs; has
limited areas of examination in tissue sections; observers have to define the
threshold of detection and the areas of examination, making the assay subjec-
tive; and the procedure makes it relatively difficult to obtain results compared
to nuclear antigens.

The other approach is to determine the percentage of stromal cells with
aromatase immunoreactivity using routine light microscopy. In this model, aromatase
positive stromal cells were divided into three groups: 0�5%, 5�25%, and >25%
cells positive for aromatase. There was a significant correlation (P <.01) between
the aromatase labeling index and amount of aromatase mRNA determined by RT-
PCR in common epithelial ovarian cancer (20). Aromatase immunoreactivity deter-
mined by polyclonal antibody was also demonstrated to be correlated with mRNA
expression as determined by in situ mRNA hybridization study in endometrioid
endometrial cancer (21). This approach is considered more promising for wide-
spread application, as it requires no special instruments or equipment. However, as
in any morphological or histological classification or criteria, establishing of
intraobserver and interobserver standards is crucial to make results as subjec-
tive and reproducible as possible, making considerable experience and famil-
iarity necessary. In addition, this scoring of aromatase immunoreactivity should
be straightforward and easily applicable for any pathologists with reasonable
experience of breast pathology and interpretation of immunohistochemistry
results. When introducing this scoring system into the laboratory, immu-
nohistochemical slides should first be screened together by investigators
using double-headed or multiheaded light microscopy to determine the
reproducible criteria, and then they should be independently reviewed by
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different investigators. Disconcordant cases should then be reevaluated together
to ensure consistency in the scoring system.

V. SUMMARY AND FUTURE PROSPECTS
Aromatase immunohistochemistry could undoubtedly be the most suitable and
widely applicable method of studying the status of intratumoral aromatase in clini-
cal breast cancer specimens, especially with respect to predicting the response of
aromatase inhibitors. However, two factors need to be clarified first. First, the
introduction of widely available and reliable monoclonal antibodies, which rec-
ognize aromatase epitopes in 10% formalin-fixed and paraffin-embedded tissue
sections, was demonstrated in the immunohistochemistry of human full-term pla-
centa (Fig.3) and human normal cycling ovary (Fig.4). These monoclonal antibod-
ies certainly have great potential to clarify the problems associated with antibod-
ies when assessing intratumoral aromatase using immunohistochemistry. And sec-
ond, a straightforward and reproducible scoring system of aromatase immunore-
activity using these new monoclonal antibodies needs to be established. With new
antibodies and the associated scoring system, the correlation between intratumoral
aromatase and the clinical response to aromatase inhibitors can possibly be es-
tablished in combination with ERα expression.
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I. ABSTRACT
Today, potent selective aromatase inhibitors like letrozole are in clinical trials. In
order to optimize individual first- and second-line treatment modalities, it will be
important to measure intratumoral aromatase expression levels or its enzyme ac-
tivity as drug targets in primary breast cancer biopsies. We assessed the mRNA
expression levels by real-time polymerase chain reaction (PCR) in 1182 primary
breast cancer tissue samples and in 86 corresponding normal tissue samples, as-
suming a positive correlation between aromatase mRNA expression, protein, and
enzyme activity levels.

The intratumoral aromatase mRNA expression levels measured varied from
negative expression values to very high expression levels (over 1 million copies
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per total RNA). These expression levels were independent of patients� ages and
menopausal, nodal, or steroid hormone receptor status. In 40% of the matched
normal adjacent tissue (NAT) samples, aromatase expression levels were higher
compared to the intratumoral aromatase expression levels. According to these
results, aromatase expression levels should also be measured in matching NAT to
evaluate the paracrine impact of estrogen on tumor growth. Survival analysis re-
vealed a poor clinical outcome with respect to relapse and death in a subset of
patients with high intratumoral expression levels.

II. INTRODUCTION
One of the most challenging areas in breast cancer is the management of patients
with metastatic disease, as even very potent adjuvant chemotherapy produces only
a modest reduction in tumor burden. As a result, treatment goals for advanced
breast cancer are defined as palliation and/or prevention of disease progression
by improving the quality of life and extending survival. In this context, the choice
of hormonal manipulations or cytotoxic agents is often individualized with re-
spect to a specific subset of patients with advanced disease. Premenopausal pa-
tients receive systemic chemotherapy, whereas postmenopausal women who are
estrogen receptor (ER) positive get tamoxifen as a first-line therapy. Progress
was made in managing hormonal manipulation by the assessment of the ER and
progesterone receptors (PgR), since those patients with positive receptors have a
hormonal therapy response rate of 60�70% (1,2). This was an important step for-
ward, as it was the first time that the use of intratumoral proteins as targets for
drug response was demonstrated.

Estrogen tumor availability remains one of the risk factors involved in the
progression of breast cancer. However, today, the treatment of metastatic breast
cancer by the ablation of endocrine organs (e.g., ovaries) has been largely aban-
doned because of the availability of effective pharmacological hormonal agents.
These include the progestins, aminoglutethimide and luteinizing hormone�releas-
ing hormone (LHRH) agonists, which block secondary estrogen synthesis. Estro-
gen production declines with age, as shown in postmenopausal women. After meno-
pause estrogens are mainly produced in peripheral tissues like adipose and the
adrenals (3). This peripheral production is carried out by the cytochrome P450
enzyme complex known as aromatase or estrogen synthetase, which mediates the
conversion of androstenedione and testosterone to estrone and estradiol, respec-
tively. In addition to aromatase activity in peripheral tissue, several reports show
that aromatase is expressed at a higher level in human breast cancer as compared
to normal breast tissue (4). However, it is not clear if all breast tumors express
aromatase or if this enzyme activity is modified owing to specific posttransla-
tional events. Tumor aromatase has also been shown to stimulate breast cancer
growth in both autocrine and paracrine manners. Various methods were
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applied to assess intratumoral aromatase levels either by biochemically measur-
ing enzyme activity or identifying protein expression by immunohistochemistry
in paraffin-embedded tumor tissue or by determining aromatase mRNA aromatase
expression levels by real-time polymerase chain reaction (RT-PCR). Gene tran-
scriptional studies revealed that aromatase expression in breast tissue is regu-
lated by the use of alternative promoters. Several studies indicated that aromatase
promoter switches are tissue specific (5�8). In breast cancer, a promoter switch
from a glucocorticoid-stimulated promoter I.4 in normal tissue to cAMP-stimu-
lated promoters I.3 and II in neoplastic tissue has been reported (9,10).

Suppression of in situ estrogen biosynthesis can be achieved by the preven-
tion of aromatase expression or by the inhibition of aromatase activity in breast
tumors. Although the control mechanism of aromatase expression in breast can-
cer tissue is not yet fully understood, aromatase-inhibitor therapy is already ap-
plied as second-line treatment in patients who fail antiestrogen therapy. Accord-
ing to several clinical studies, 20�30% of these patients respond to aromatase-
inhibitor treatment. Today, several potent and selective aromatase inhibitors are
being used in clinical studies to compare their activity with that of antiestrogens
in first-line endocrine therapy for metastatic breast cancer (11). Other clinical
trials are investigating the possibility of using aromatase inhibitors in
chemoprevention.

In this context, we initiated a study to assess retrospectively aromatase mRNA
expression levels in the tumors of primary breast cancer patients. The goal was to
establish a precise and reproducible technique in a large number of breast tumors
to assess the intratumoral distribution pattern of aromatase mRNA expression
levels. This knowledge, combined with ER and PgR protein levels, will be useful
in the future to predict patient response to selective aromatase inhibitors like
letrozole who may not respond to antiestrogens at the time of primary surgery,
identifying those who might profit from sequential endocrine therapy (12, 13).

III. MATERIAL AND METHODS

A. Patients
This retrospective study was performed on tumor samples from 1182 patients
with untreated operable-primary breast cancer. The majority of these patients un-
derwent curative surgery between 1997 and 1998. The patient collective was not
randomized but selectively chosen according to lymph node involvement and
menopausal and ER status. A total of 739 patients (63%) exhibited a lymph node�
negative status and were postmenopausal. Of these, 583 (49% of total) patients
had ER-positive tumors (ER > 20 fmol/mg protein) (group 1) and 156 (13% of
total) ER-negative tumors (group 2). A further 443 (37%) patients had lymph
node�positive and ER-positive tumors. Of these patients, 111 (10% of total) were
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premenopausal (group 3) and 332 (28% of total) were postmenopausal (group 4).
In 86 cases, the matching normal adjacent tissue (NAT) was available and analyzed
for mRNA aromatase expression levels.

B. Follow-Up
In a subset of 119 patients follow-up information was obtained. This small subset
of patients, who underwent primary surgery in 1992�1996, had a median duration
of follow-up of 38 months (range 10�83 months). Recurrence-free survival (RFS)
and overall survival (OS) were calculated from surgery until the date of the first
recurrence or death. Recurrence was defined as the first evidence of relapse at
the locoregional or distant site. Recurrence and death were documented in 34 and
9 cases, respectively.

C. Tissue Preparation and Set-Up of the RT-PCR
Tissues were shock frozen in liquid nitrogen and stored at �70°C until further
processing. Stored tissues were pulverized in liquid nitrogen and total RNA was
isolated from 30 mg of tissue using the QIAshredder and RN-easy system
(Quiagen). The RNA was stored at �20°C. RNA isolation steps were performed in
a different laboratory unit to the tissue handling and PCR. Tubes for quantitative
PCR were handled only and tightly closed in the designated RNA laboratory. The
concentration of RNA was determined by a fluorescence method (SYBR-Green
II) in 96-well plates with yeast RNA as the standard. Taq-Man (Perkin Elmer) was
used to perform RT-PCR. The primers and probe were designed using the pro-
gram �Primer Express� from Perkin Elmer. The forward primer was complemen-
tary to the exon 4, whereas the reverse primer was complementary to the exon 5,
and the probe spans one exon/intron. The probe was labeled at the 5' end with the
reporter dye FAM and at the 3' end with the quencher TAMRA. For the evaluation
of the primers, a common PCR with cDNA from placental tissue was performed.
Placental RNA was commercially obtained and purified according with the Quiagen
protocol. The thermal cycling parameters included 2 min at 94°C, 35 cycles at
94°C for 20 s, and at 60°C for 1 min. The reaction was stopped at 4°C. The PCR-
product was mixed with a loading buffer and loaded onto an agarose gel. After
electrophoresis, a single band of approximately 150 base pairs (bp) was observed.
The PCR product was purified and sequenced on a ABI 310 sequencer (Perkin
Elmer) and corresponded to the aromatase mRNA sequences published (14).

D. Validation of the Assay
We used the tested primers for the total placental RNA as templates. The total
placental RNA was diluted to yield samples ranging from 2.7 ng to 21.6 pg (2.7,
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0.54, 0.18, and 0.0216 ng). These samples were measured with the Taq-Man RT-
PCR assay. The thermal cycling parameters were 2 min at 50°C, 30 min at 60°C,
5 min at 95°C for 40 or 45 cycles and then at 95°C for 20 s and 60°C for 1 min.
Each sample was measured eight times in three different plates. Standard devia-
tions were 2�3%, demonstrating that the method was reproducible.

E. Standards
Placental RNA was chosen as the standard for determining aromatase RNA in
tumor samples. This was in order to be able to treat the standard RNA exactly the
same way as the tumor RNA (same purification protocol) and avoid any contami-
nation of the valuable tumor samples with PCR product. The quantified PCR product
was used to calibrate the placental RNA and calculate the amount of apparent
aromatase RNA in the total RNA. The number of molecules in the PCR product
solution was determined by the fluorescence method (SYBR Green I) and dilu-
tions from 300,000 to 480 molecules were made. Using these dilutions as a stan-
dard curve, the number of aromatase RNA copies was determined in total placen-
tal RNA (84,433 molecules aromatase RNA/ng total RNA). Consequently, by us-
ing this number and the placental RNA as standard, we are able to calculate the
number of aromatase copies in the respective tissue samples. The same stock of
placental RNA was used for all standard curves and diluted from 2700.0 to 21.6
ng, as shown in Figure 1.

F. Tissue Samples Measurements
Where possible, 300 ng total RNA isolated from the tissue samples was used for
the Taq-Man measurements (Fig. 2). The threshold cycle number (CT was set

FIGURE 1 Standard curve for RT-PCR.
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FIGURE 2 An example of RT-PCR measurements.

above the background noise (black horizontal line). If we could not detect any
signal using 300 ng total RNA in the RT-PCR set-up, we repeated the measure-
ments with an increased amount of template (500 ng). This protocol allowed us to
identify samples containing no aromatase RNA and thus eliminate false-negative
values. All determinations were performed in duplicates, and their mean value
used as the final RNA copy number. Measurements were repeated if the duplicate
determinations differed by more than 15% (for samples with high aromatase RNA
expression values) or 50% (for samples with very low RNA aromatase expres-
sion).

G. Steroid Hormone Receptor Status
Estrogen receptor and PgR were routinely measured in our laboratory on fresh/
frozen tissue samples by electroimmunoassay (EIA) as previously described (15).

H. Statistical Analysis
The relationships and interactions of aromatase mRNA levels and ER and PgR, as
well other prognostic factors, were tested using the Mann-Whitney test, the
Spearman rank correlation coefficient (rs), and the linear regression method. The
concentration levels of erbB-2 (continuous values) were first tested in univariate
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regression analysis versus the rate of relapse. In view of the significant prognos-
tic outcome, a cut-off value was searched by means of Classification and Regres-
sion Trees (CART) analysis (16, 17). Recurrence-free survival and OS probabili-
ties were calculated by the Kaplan-Meier method. The univariate relationships
between prognostic factors and survival were assessed by means of log-rank analy-
sis (18, 19). All P values were two-tailed. All statistical analyses were performed
with S-plus 4.5 (MathSoft Inc., Seattle, WA).

IV. RESULTS
Highly selective aromatase inhibitors, such as letrozole, are becoming promising
alternatives in second-line therapy for postmenopausal women with advanced breast
cancer whose disease has progressed or recurred under tamoxifen treatment (20),
since the inhibition of aromatase is more likely to accomplish an intratumoral
estrogen blockade, as demonstrated in a nude mouse model (21). Therefore, the
assessment of intratumoral aromatase activity as a predictor for drug response
will become important in improving individual treatment modalities for postmeno-
pausal women with advanced disease (22).

In 1182 primary breast tumors, the expression levels of intratumoral aromatase
ranged from 0 to 1,219,000 mRNA copy number/ng total RNA. The mean and
median values were 38,980 and 18,340 mRNA copy number/ng total RNA. In a
small subset of 36 tumors (3%), no intratumoral aromatase expression could be
found despite ER and PgR distribution levels similar to any other breast cancer
tissue. This indicates that intratumoral estrogen production, catalyzed by aromatase,
is not necessarily decisive for tumor proliferation and may be independent of ER
expression. In general, tumors with no aromatase expression were accompanied
with high aromatase expression levels in their respective matching NAT samples.
The inverse situation was also observed: 12% of the analyzed NAT samples showed
no aromatase expression, whereas very high aromatase levels were expressed in
the corresponding tumor tissues. However, in two premenopausal and lymph node�
negative patients, no aromatase expression was found in either the tumor or re-
spective NAT.

The histogram of the calculated mean values of aromatase mRNA expression
levels shows that the left-tailed distribution pattern could be normalized by loga-
rithmic transformation (Fig. 3). Although the maximum aromatase mRNA levels
detected in the 86 matching NAT were only 318,000 mRNA copy number/ng to-
tal, the mean and median values of 33,200 and 18,140 mRNA copy number/ng
total RNA were comparable (no significant difference) with the values of the
matching tumor samples or of the total number of tumor samples analyzed.

No correlation was found between the menopausal status or age (mean 67
years; range 26�90 years) of the patients and the intratumoral aromatase expres-
sion levels. However, the aromatase levels in NAT were significantly lower in



FIGURE 3 Distribution of aromatase mRNA expression levels in 1182 primary
breast tumors.

FIGURE 4 Notch-boxplots of aromatase expression levels in: (A) NAT of premeno-
pause, (B) NAT of postmenopausal, (C) intratumoral levels of premenopausal,
and (D) intratumoral levels of postmenopausal patients.
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premenopausal women compared to postmenopausal patients (P < .005), as shown
in Fig. 4. This indicates indirectly that the induction of aromatase may be influ-
enced by follicle-stimulating hormone (FSH) serum levels or other factors hav-
ing an impact on the menopausal status. The comparison of the intratumoral
aromatase expression levels with the respective NAT levels revealed a heteroge-
neous pattern. In fact, in 39 (45%) of the matching 86 cases, intratumoral aromatase
expression (median 79850 mRNA copy number/ng total RNA) was significantly
higher as with the respective NAT (median 15780 mRNA copy number/ng total
RNA) (P < .0001). The intratumoral aromatase values could be 3- to 100-fold
higher as compared to the respective matching NAT. In 15% of the paired tissue
samples, the analyzed aromatase expression levels were comparable (± 10%).
However, in contrast to previous reports, we found that, in 33 (40%) matched
cases, the aromatase expression levels (median 51950 mRNA copy number/ng
total RNA) of NAT were significantly higher compared to the respective
intratumoral aromatase values (median 12480 mRNA copy number/ng total RNA)
(P < .0001).

One of the goals of this study was to investigate the impact of local estradiol
biosynthesis by aromatase on the ER protein expression levels, since it is known
that high estrogen plasma levels downmodulate the ER levels in breast tumor tis-
sue. No correlation was found between aromatase expression levels and ER or
PgR levels. In postmenopausal patients, aromatase expression levels greater than
40,000 mRNA copy number/ng total RNA (approximate median value) are found
in tumors with ER-positive status with the same distribution pattern also being
seen in ER-negative tumors (Fig. 5). Moreover, the majority of tumors with high
aromatase expression levels and ER-negative status also exhibited PgR protein
levels <20 fmol/mg protein (Fig. 6, group 2). This small subset of patients with
hormone-independent tumors but very high aromatase expression levels could
also be considered for aromatase inhibitor treatment modalities. As shown in Figure
5, the ER levels of group 3 (premenopausal patients with positive node and ER)
are lower compared to the ER levels of all postmenopausal patients. Also, in this
subset of patients, no statistically significant correlation could be found between
ER and intratumoral aromatase expression levels. In all NAT samples tested, ER
and PgR levels were very low (median values 10 and 12 fmol/mg protein, respec-
tively), as expected for normal breast epithelial tissue and completely indepen-
dent from the aromatase expression levels assessed.

In a subset of 119 patients with known clinical outcome, the intratumoral
aromatase expression levels were investigated for their prognostic value. As shown
by Kaplan-Meier survival curves (Fig. 7), patients whose tumors expressed higher
aromatase levels (> 100,000 mRNA copy number/ng total RNA) significantly
correlated with increased risk of relapse and death. These results reconfirm data
reported by other investigators that the intratumoral amount of aromatase is deci-
sive for the in situ estrogen promotion of breast cancer cell growth.



FIGURE 5 Intratumoral aromatase expression levels versus ER protein levels. Groups
1 and 2 are postmenopausal pN0 patients: 1 with ER positive and 2 with ER negative
tumors; groups 3 and 4 are pN1 patients with ER-positive tumors: 3 premenopausal
and 4 postmenopausal.

FIGURE 6 Intratumoral aromatase expression levels versus PgR protein levels.
Groups 1 and 2 are postmenopausal pN0 patients: 1 with ER positive and 2 with
ER negative tumors; groups 3 and 4 are pN1 patients with ER-positive tumors: 3
premenopausal and 4 postmenopausal.



Molecular Epidemiology of Aromatase Expression 209

FIGURE 7 RFS and OS Kaplan-Meier curves as a function of intratumoral aromatase
expression levels. A and B indicate aromatase values < and ≥ 100,000 copy number/
µg total RNA, respectively. Numbers in parentheses indicate numbers of relapses/
total in each group.

V. DISCUSSION
It has been known for many years that aromatase is one of the key enzymes in-
volved in estrogen biosynthesis in human reproduction, but it only recently be-
came evident that it is also distributed in tumors and extragonadal tissues. Ac-
cording to previous reports (5,6,8), aromatase is tissue specific and regulated by
a set of molecular factors which either induce or suppress its expression. Such a
complex molecular mechanism can be explained by an alternative use of tissue-
specific exon I promotors within the aromatase gene and helps to define estro-
gen-dependent physiological functions mediated through a paracrine and/or
autocrine estrogen production in the same tissue. It appears that estrogen func-
tion is a mitogenic factor in neoplastic tissue (23,24). Such mitogenic and prolif-
erative effects of estrogens were recognized and are believed to correlate with
ER and PgR status in breast tumors. Interestingly, the proportion of patients with
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hormone-sensitive tumors is greater among postmenopausal than premenopausal
patients (25). In postmenopausal women, plasma levels of estrogen are greatly
decreased and estrogens synthesized in the periphery virtually become the only
source of plasma estrogen (26). However, postmenopausal women maintain a
higher intratumoral estrogen content owing to the presence of aromatase even
though the plasma concentration of estrogen decreases to lower values after meno-
pause (27). This is in agreement with our observation that aromatase mRNA ex-
pression levels in NAT significantly increase in postmenopausal patients (see Fig.
4) as well as tumor ER levels (see Fig. 5, group 3 versus group 1 or 4). Unfortu-
nately, overproduction of estrogen may promote the risk of estrogen-dependent
cancers and deficient production may promote the risk of osteoporosis or arte-
riosclerosis.

According to our data, intratumoral aromatase expression levels are indepen-
dent from the menopausal and the ER/PgR status. However, high levels of
intratumoral aromatase expression correlate with poor clinical outcome, as shown
in Figure 7. Therefore, one may speculate that there is another important biologi-
cal role for tumor aromatase: Excessive intratumoral estrogen levels may propa-
gate neovascularization and therefore the spread of metastatic cells. This infor-
mation is important to design prospective clinical trials.

In a first step, the correlation between mRNA expression levels and its
posttranslation protein levels and its enzyme activity have to be evaluated in a
prospective clinical trial, because the functionality of the enzyme is decisive for
a positive drug response. An ongoing collaborative study will clarify this impor-
tant aspect. If a positive correlation is found between mRNA expression levels
and enzyme activity, one may suggest that RT-PCR is the appropriate methodol-
ogy to measure routinely the quantitative levels of this aromatase as a predictive
factor in prospective clinical studies.

Based on our results, the aromatase expression levels also have to be assessed
in NAT to investigate the possible paracrine impact of estrogen on tumor growth
in those tumors expressing very low intratumoral aromatase levels but with high
mRNA aromatase levels in their normal adjacent tissues. According to these find-
ings, it will be an important step forward in the disease management of hormone-
dependent cancers if the intratumoral aromatase expression or enzyme activity
levels can be established as predictive factors for response to selective type II
aromatase inhibitors.
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I. ABSTRACT
Results are presented from in vitro assays with particulate fractions of breast
cancer and cultures of breast adipose tissue fibroblasts that new-generation type
I aromatase inhibitors (such as exemestane and formestane) and type II agents
(such as anastrozole and letrozole) are highly potent drugs (with IC50 values in the
lower nanomolar range). Studies of in situ aromatase activity in breast cancers
performed in women given neoadjuvant letrozole also demonstrate that the drug
effectively blocks the local biosynthesis of estrogen within the breast. However, ex
vivo studies of breast specimens from women treated with inhibitors and parallel
investigations in which fibroblasts were preincubated with inhibitors showed first
that in vitro assays may underestimate the inhibitory effects of type II inhibitors
(but not type I) and second that type II inhibitors may enhance aromatase activity,
an effect not seen with type I agents. The reason for these paradoxical
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observations and the clinical implications for the use of different inhibitors is
discussed.

II. INTRODUCTION
Because the growth of many breast cancers may be dependent upon hormones
(most noticeably estrogens), endocrine-deprivation therapy is a major treatment
modality for the disease (1). In premenopausal women, this may take the form of
ovarian ablation or the use of luteinizing hormone�releasing hormone (LHRH)
analogues, but for postmenopausal women, other strategies need to be adopted, as
estrogens are no longer produced by the ovaries but by peripheral tissues such as
fat, muscle, and breast tumors themselves (2).

Among these concepts, inhibiting estrogen synthesis and blocking the action
of estrogen at its receptor by the use of specific drugs have been translated into
clinical practice (3). In terms of biosynthesis, estrogens lie at the end of a meta-
bolic pathway in which blockade of any reaction may, theoretically, result in its
decreased production. However, the most specific effects are achieved by inhib-
iting the last step in the pathway by which androgens are converted to estrogens
via aromatization. This transformation, like other steps in the pathway, involves
steroid hydroxylation using a cytochrome P450 electron-transfer system. The
challenge has been to produce potent drugs that have the specificity to inhibit
aromatase without affecting other steroid-metabolizing enzymes. In the event,
two separate groups of agents have been developed. These are type I inhibitors
which interact with the androgen substrate binding site of the aromatase enzyme
(and are steroidal structurally) and type II inhibitors which interfere with cyto-
chrome P450�mediated electron transfer and are usually azoles, which are struc-
turally nonsteroidal (4). The objectives of this chapter are to describe the com-
parative efficacy of new-generation aromatase inhibitors and, in the case of type
II agents, the paradoxical data that aromatase activity may be increased following
exposure to the drugs. Observations have been made on aromatase within the breast
using results obtained from homogenates of breast cancer, cultures of mammary
adipose tissue cells, and in situ measurements following administration of radio-
labeled steroids to breast cancer patients.

III. RESULTS
A. In Vitro Assays Using Particulate Fractions

of Breast Cancer
A relatively simple screen to determine the relative efficacy of aromatase in-
hibitors is to prepare particulate fractions from large breast cancers and assay
aromatase activity in the absence and presence of differing concentrations of
aromatase inhibitors. Results are shown in Figure la from studies performed in



FIGURE 1 Effects of inhibitors on aromatase activity (as a percentage of control
systems without inhibitors) in (a) particulate fractions of breast cancers and (b)
cultures of breast adipose tissue fibroblasts. Columns are means and bars are stan-
dard errors of the means of either (a) four separate tumors or (b) three different
systems.
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four separate tumors by adding aminoglutethimide, letrozole, anastrozole,
formestane, and exemestane to replicate incubates. All agents inhibited aromatase
in a dose-related manner, although micromolar concentrations were required for
aminoglutethimide, whereas all other drugs were effective in the nanomolar range.
Calculated IC50 values were 20 µM for aminoglutethimide, 8 nM for anastrozole, 2
nM for letrozole, 15 nM for exemestane, and 30 nM for formestane.

B. Assays Using Cultures of Fibroblasts from Breast
Adipose Tissue

Cultured fibroblasts in which aromatase is induced by preincubation with
dexamethazone also represent useful test systems for inhibitors. Combined re-
sults from four separate experiments are shown in Figure 1b. As with the particu-
late fraction from breast cancers, dose-related inhibition was produced by micro-
molar concentrations of aminoglutethimide and the nanomolar doses of
anastrozole, letrozole, exemestane, and formestane. Approximate IC50 values were
10 µM for aminoglutethimide, 15 nM for anastrozole, 0.8 nM for letrozole, 5 nM for
exemestane, and 30 nM for formestane.

C. In Situ Aromatase Assays Before and During
Treatment with Letrozole

Although in vitro and ex vivo studies provide evidence for the potential of aromatase
inhibitors, the crucial issue of how effectively aromatase is blocked in vivo re-
quires more sophisticated methodology. The present studies have utilized a pro-
tocol in which postmenopausal women with large primary breast cancers have
received letrozole neoadjuvantly for 3 months. The advantage of this study design
is that tumor is available for investigation both before treatment (as a result of
biopsy for estrogen receptor [ER] status�all patients included in the study have
ER-rich tumors) and after 3 months of treatment (when the patients have residual
tumor surgically removed). To determine in situ aromatase within the breast, the
patients were given an infusion of [3H]-labeled androstenedione and [14C]-labeled
estrone for the 18 h immediately prior to breast surgery both before and after 3
months treatment with letrozole. Estrogen was then extracted and purified chro-
matographically from the tumors and peripheral plasma. In situ aromatase was
determined by measuring the radioactivity in the purified tumor fractions (cor-
recting for the estrogen synthesized peripherally and then taken up into the tu-
mor). Twenty-four women (12 treated with 2.5 mg daily and 12 with 10.0 mg
letrozole daily) were entered into the study, but because one patient (from the
2.5-mg group) experienced a complete pathological response with treatment, only
23 tumor pairs were available for comparison.

Three tumors had no evidence of aromatase activity either before or after
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treatment, with radioactive estrogen within the tumors being accounted for solely
by uptake from the circulation. Results are shown in Figure 2: twenty tumors (10
each at the 2.5- and 10-mg doses), displayed aromatase activity before treatment.
This in situ activity was markedly reduced with treatment in 9 of 10 patients treated
with the 2.5-mg dose and in all patients receiving the 10-mg dose. The difference
between paired pretreatment and 3-month values was statistically significant by
sign test (P = .022 for the 2.5-mg and P = .004 for 10-mg doses).

D. Ex Vivo Studies in Patients Treated with
Aromatase Inhibitors

It was of interest to determine in vitro aromatase activity in excised breast tissue
from the patients treated neoadjuvantly with letrozole. Sufficient paired material
was available in four tumors and seven samples of nonmalignant breast from the
cases described above. Treatment was associated with a reduction in aromatase
activity in all four tumors (Fig. 3a). However, in each individual tumor, the degree
of inhibition was less ex vivo than in situ. Effects of letrozole on in vitro aromatase
measured in nonmalignant breast were less marked and, in some instances, par-
ticularly when activity was low before treatment, a paradoxical increase in
aromatase activity was seen after 3 months� therapy (Fig. 3b).

FIGURE 2 Effects of treatment with letrozole on in situ synthesis of estrogen within
the breast.



FIGURE 3 In vitro aromatase in (a) breast cancers and (b) nonmalignant breast tis-
sue taken before and after 3 months of treatment with neoadjuvant letrozole.
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E. Preincubation of Cultured Fibroblasts
with Aromatase Inhibitors

An important difference between in situ and in vitro measurements following
letrozole treatment is that in situ measurements are made while the drug is still
present in the body in contrast to in vitro assays where the tumor is removed from
the presence of the drug. To mimic this comparison in an experimental system,
the study design for testing aromatase inhibitors in cultures of fibroblasts was
modified, as in Figure 4. The sequence of preincubating cultures with
dexamethazone (to induce aromatase) and then adding inhibitors during the assay
procedure (this parallels in situ studies in patients in whom assays are performed
in the presence of the drug) was used to obtain the results presented in Figure 1b.
Additional cultures were set up using the design of preincubating with inhibitors
but assaying for aromatase activity in their absence (mimicking the condition of
the ex vivo studies described above).

Results using letrozole as inhibitors in this preincubation system are shown in
Figures 5a and b. Concentrations of drugs in excess of 100 nM produced inhibi-
tory effects, but comparison with Figure 1b shows that the effects are magnitudes
less than would have been achieved by including letrozole during the assay period.
Interestingly, drug doses between 2 and 20 nM produced a consistent increase in
activity compared with that in control cultures performed in the absence of
letrozole. Figure 5 also shows the effects of preincubation with letrozole in the
absence of dexamethasone. Letrozole produced a fivefold increase in

FIGURE 4 Study designs for assay of aromatase activity in cultures of breast adi-
pose tissue fibroblasts (a) aromatase is induced by dexamethasone in the absence
of inhibitions which are added only during the incubation with [3H]-androgen; (b)
inhibitors are present during the dexamethasone induction phase but not during
the period of incubation with [3H]-androgen.



FIGURE 5 Levels of aromatase activity in fibroblasts from mammary adipose tis-
sue preincubated for 18 h and assayed for activity in the absence of letrozole
(control) and the presence of inhibitors. (a) Dexamethasone included in the pre-
incubation phase; (b) without dexamethasone.
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FIGURE 6 Level of aromatase activity in fibroblasts from mammary adipose tissue
preincubated for 18 h and assayed for activity in the absence of inhibitors (con-
trol) and the presence of inhibitors. AMG, aminoglutethimide; Anast, anastrozole;
Fad, fadrozole; Let, letrozole; Exe, exemestane; Form, formestane.

basal levels (which were low). A comparison of several type II inhibitors
(aminoglutethimide, anastrozole, fadrozole, and letrozole) showed that all the type
II inhibitors were capable of increasing aromatase activity when used at concen-
trations which would be inhibitory if the drug was added during the aromatase
assay (Fig. 6). In contrast, the type I inhibitors (exemestane and formestane) mark-
edly reduced aromatase activity in a dose-related manner; comparison with Fig-
ure 1b indicates that the degree of inhibition produced by preincubating with
formestane and exemestane was greater than observed when the drugs are added
during the assay.

IV. DISCUSSION
The results from incubations of particulate fractions of breast cancers and culture
of breast adipose tissue fibroblasts confirm the remarkable potency of newly de-
veloped aromatase inhibitors. Thus, anastrozole, letrozole, exemestane, and
formestane were able to inhibit aromatase at nanomolar concentrations. This con-
trasts with the doses needed for aminoglutethimide, which were in the micromo-
lar range and therefore orders of magnitude higher. Although these results are
similar to those observed in placental microsomes (5�7), there are consistent
differences between drugs and test systems. Thus, in breast cancer particulate
fractions, the type II inhibitors, anastrozole and letrozole, were more potent than
the two type I drugs, exemestane and formestane (as is the case in placental
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microsomes), but in cultured fibroblasts, letrozole and exemestane had increased
potency. The reason for this is not immediately apparent but may relate to
differences between disrupted and whole cell preparations. For example, it has
been suggested that letrozole accumulates to a greater extent in whole cell
systems (8).

Although observations in experimental test systems are informative, they do
not necessarily reflect events occurring within the body. To determine the effects
of aromatase inhibitors on in situ aromatase activity within breast cancers, use has
been made of a protocol in which patients with large primary tumors have been
offered neoadjuvant treatment in an attempt to shrink tumors. These investiga-
tions allow not only measurements of tumor size but also the monitoring of endo-
crinological effects within the breast by biopsying breast tissue before treatment
and by surgery after drug treatment. To assess in situ aromatase, patients were
infused with radioactively labeled androgen and estrogen before and after treat-
ment. These studies confirmed that breast tumors obtained estrogen both by up-
take from the circulation and by local biosynthesis from androgen precursors. In
many tumors, local biosynthesis seemed to be the major source of estrogen. In situ
aromatase activity was markedly reduced after letrozole treatment in 19 of the 20
tumors with the potential for in situ production of estrogen. The reason for a failure
to demonstrate a decrease with treatment in the remaining tumor is not apparent�
in this patient therapy produced a marked decrease in amounts of �whole-body�
conversion of androgen to estrogen, a suppression of endogenous concentra-
tions of estrogen within the breast, and a clinical response that would be compat-
ible with inhibition of aromatase. However, the general inhibitory effects of letrozole
clearly illustrate its potential to act as a potent endocrine agent within the breast.
Consistent with inhibition of in situ aromatase, it was possible to demonstrate that
endogenous tumor estrogen levels were markedly reduced (9). These actions are
compatible with the clinical benefits, in terms of tumor shrinkage, which were
achieved with letrozole treatment (10).

The use of radioactively labeled infusions to measure in situ aromatase activity
is an invasive and extra procedure in patient management. A more acceptable
approach would have been to assess in vitro aromatase activity in surgically ex-
cised breast material. To determine whether in vitro measurements accurately re-
flected those within the breast, in vitro assays were performed in paired specimens
of both malignant and nonmalignant breast tissues before and after treatment. The
results showed the expected inhibition in malignant tissue, but the degree of
effect was less than that elicited from in situ measurements. In the nonmalig-
nant breast, the degree of inhibition with letrozole treatment was even less
marked. Indeed, increases in activity were seen in cases in which aromatase
activity was initially low. We have reported similar paradoxical increases in
aromatase activity in tumors from patients treated with aminoglutethimide (11);
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this activity was shown still to be sensitive to aminoglutethimide by demonstrating
inhibition after in vitro incubation with the drug. In contrast, in vitro incubation of
paired tumor samples taken before and after treatment with the type I inhibitor
formestane showed the expected decrease in activity. It is clear therefore that, at
least with type II agents, in vitro estimates of treated specimens may underestimate
the decrease of inhibition produced in vivo; this makes the use of protocols that
accurately measure in situ activity essential when assessing the putative efficacy of
individual inhibitors.

The reason in vitro assays may underestimate the potency of type II inhibitors
is likely to be because the assays are performed without the addition of inhibitors.
Even though aromatase activity may be blocked by the drug in situ, the reversible
nature of the association of type II drugs may mean that aromatase activity is
released from its inhibition (this would not be the case for irreversible type I inhibi-
tors). To explore this concept further, the nature of these effects, cultures of mam-
mary fibroblasts were preincubated with aromatase inhibitors (to simulate patient
treatment) and then assayed in the absence of drugs (to mimic ex vivo studies).
Interestingly, under these conditions, all three type II inhibitors (aminoglutethimide,
letrozole, and anastrozole) failed to realize their full inhibitory potential and, at
certain concentrations, were associated with enhanced activity. In contrast to these
effects, the type I inhibitor formestane has always been associated with decreased
aromatase activity; indeed, inclusion in the 18-h preincubation period tended to
produce greater effects than were achieved in the 5-h assay. This probably reflects
the irreversible �suicide� mechanism of action of this inhibitor (12). The result
mirrors those observed in the ex vivo studies described above and draws attention
to the different mechanism of actions of the different types of aromatase inhibitors.
Although the reversible nature of type II inhibitors accounts for the decreased
level of inhibition seen in these studies, it does not immediately explain the in-
creased levels of activity following treatment. However, type II inhibitors might
induce aromatase mRNA/stabilize aromatase protein, as has been reported by Harada
et al. (13) and Chen et al. (14).

These observations may have clinical relevance in that, although in the short-
term type II inhibitors may effectively cause estrogen blockade (see Fig. 2), chronic
administration might increase the aromatase enzyme to such an extent that the
drugs may no longer be efficient. Compatible with this there is the suggestion that
estrogen concentrations may increase at relapse in patients treated with
aminoglutethimide (15). Under these circumstances, it might be expected that type
I inhibitors such as formestane may produce beneficial effects in patients relapsing
while receiving type II drugs, as has been observed clinically (16). Such non-cross
resistance to aromatase inhibitors points to a role for type I inhibitors following
type II inhibitors despite the inherently lower potency of the former in experimental
systems.
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V. CONCLUSIONS
The new generation of aromatase inhibitors, which include anastrozole, letrozole,
exemestane, and formestane, are extremely potent agents capable of profoundly
influencing endocrine events within the breast. It seems likely that they will se-
cure a place when treating postmenopausal women with hormone-deprivation
therapy.
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I. ABSTRACT

A model has been developed to evaluate the effects of aromatase inhibitors and
antiestrogens on aromatase activity and tumor proliferation in the same system.
Human breast cancer cells transfected with the human aromatase gene (MCF-7CA)
are used and can be studied in in vitro cultures and in tumors grown in ovariecto-
mized mice. This model simulates the patient with hormone-dependent tumors
expressing aromatase. Tumor cell proliferation is stimulated by estrogen produced
in situ via aromatization of androstenedione. The MCF-7CA cells were used in
culture to determine the IC50 values of aromatase inhibitors. The relative potencies
of the compounds were found to be consistent when compared in two other types
of human cells expressing aromatase: JEG-3 human choriocarcinoma cells and nor-
mal breast fibroblasts.

Letrozole was the most potent inhibitor in all cell types. In mice with tumors of
MCF-7CA cells treated with aromatase inhibitors and antiestrogens, tumor growth
was inhibited to a greater extent by letrozole than tamoxifen. Also, aromatase in-
hibitors had no stimulatory effects on the uterus. Estrogen receptor

227



228 Brodie et al.

(ER) levels in the tumors and the uterus were increased by aromatase inhibitors
and decreased by tamoxifen. Progesterone receptor (PgR) levels were increased
by tamoxifen, which is consistent with its partial agonist properties. In animals
treated with letrozole, no PgR could be detected, suggesting that this compound
may prevent induction of other estrogen-induced genes, such as those involved in
proliferation. The combination of antiestrogens and aromatase inhibitors was found
to be no more effective than aromatase inhibitor treatment alone in preventing
tumor growth. This suggests that the sequential use of agents with different mecha-
nisms of action, as currently employed in the clinic, is likely to be more advanta-
geous by extending the period of effective treatment when resistance has devel-
oped to first-line therapy. Studies in this model may be helpful in guiding the use
of these agents in clinical practice.

II. INTRODUCTION

Two strategies are now being used to inhibit the stimulatory effects of estrogen on
breast cancers. These are the inhibition of estrogen production and action. The
antiestrogen tamoxifen competes with estrogen for ER in the tumor, thereby block-
ing the actions of the hormone and reducing tumor proliferation. Tamoxifen therapy
has been shown to be significantly more beneficial than chemotherapy for post-
menopausal patients with hormone-dependent breast cancer (1). Tamoxifen increases
survival and is associated with lower toxicity (2). For these reasons, tamoxifen is
currently the first-line agent of choice for postmenopausal breast cancer patients.
In the last few years, highly selective inhibitors of estrogen synthetase (aromatase)
have become available and some have been approved as second-line agents for
patients who have relapsed from first-line treatment (usually tamoxifen) (3). These
new aromatase inhibitors have low toxicities and are now preferred in this context to
other agents, such as megestrol acetate and aminoglutethimide, which resulted in
more side effects for the patients. Despite the success of tamoxifen in improving the
treatment of breast cancer over the last decade, its safety in long-term use have
become a concern (4). Tamoxifen therapy increases the risk of developing endome-
trial cancer, and the incidence is correlated with the duration of treatment (5,6). This
effect is thought to be due to the partial agonist action of tamoxifen (7). In older
patients, there is an increase in the incidence of stroke, which may similarly be
related to the partial agonist effect. Aromatase inhibitors are highly effective in
blocking estrogen production, and they are without any agonist actions, offering
the possibility of being safer and more effective.

In order to investigate the effects of aromatase inhibitors and to compare them
to antiestrogens in different treatment strategies, a mouse model has been devel-
oped in which hormone-responsive tumors synthesize estrogens (8,9). Thus,
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this model represents an intratumoral aromatase system. Although several ani-
mal models were extensively utilized during the development of aromatase in-
hibitors (10�12), we believed that a more relevant model was needed to address
the issues arising from recent clinical studies of aromatase inhibitors and
antiestrogens. Some of the limitations of the previously used rat models are
that the tumors are induced by carcinogens, either 7,12-dimethylbenzanthracene
(DMBA) or nitrosourethrane (NMU), and are dependent on ovarian steroids
(13). In addition, the rat tumors have a number of characteristics differing from
human breast cancers, such as significant dependence on prolactin as well as
estrogen.

After menopause, estrogens are no longer produced in the ovaries and
plasma levels are reduced. Estrogen synthesis in peripheral tissues, such as fat
and muscle, increases, becoming the main source of circulating estrogens in
postmenopausal women. Aromatase activity in breast cancers has been re-
ported for many years, since the early work of Miller and colleagues (14). How-
ever, controversy has surrounded the question of whether the enzyme activity
was sufficient to produce enough estrogen to activate ER (15). Some recent
studies have reported that the concentrations of estrogen in breast tissue are
four- to sixfold higher than in serum and similar to those in premenopausal
patients (16). Moreover, estrogen concentrations in tumors are higher than in
breast fat (17,18). This suggests that estrogen production within the breast
and by breast cancers may have a role in stimulating tumor proliferation in
postmenopausal patients. Although the source of estrogen could be due to an
increased gradient of steroids from the circulation into breast tissue (19), local
synthesis may account for the major proportion of estrogen concentrations
within the breast (20). In addition to evidence of aromatase activity (21,22) and
mRNA (23) in breast tumors, aromatase expression has been detected in sec-
tions of breast tumors by immunocytochemistry using monoclonal (24) and
polyclonal antibodies (25,26). Recently, aromatase activity and mRNAarom were
detected in tumor cells isolated from ascites fluid from metastatic breast cancer,
thus confirming that the enzyme is expressed by the tumor (27).

To demonstrate that intratumoral aromatase activity has functional significance,
we carried out histocultures of several breast cancers. Proliferation of some tumors
in histoculture was found to be enhanced by testosterone as well as estrogens,
and the stimulation by testosterone, but not by estrogen, could be blocked by
aromatase inhibitors (24). This suggests that androgens are aromatized to estro-
gens by the tumors and the concentrations are sufficient to stimulate tumor prolif-
eration. In addition, we found that there was a correlation between aromatase
activity and the level of proliferating cell nuclear antigen (PCNA). These results
indicate that aromatase within the breast and in the tumor has functional conse-
quences and that effective inhibition of locally produced estrogen might be impor-
tant in determining  the outcome of  aromatase inhibitor  treatment.
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Based on the above evidence that breast tumors are stimulated by estrogens in
a paracrine or autocrine fashion, we developed an intratumoral aromatase model
in which estrogen made by the tumor cells stimulates their own proliferation. The
human breast carcinoma cell line, MCF-7, is the only available cell line that is
responsive to the proliferative effects of estrogen. Although the T47D human
breast cancer cell line is responsive to estrogen to a lesser extent (28), the cells
are more dependent on progesterone. In addition, the effects of estrogen on MCF-
7 cells have been extensively studied in the nude mouse (29). Unfortunately, for
the purpose of an intratumoral model, aromatase activity in MCF-7 cells is very
low. This may be due to the cells being passaged many times or due to being
grown under conditions containing estrogen. If the cells are maintained in very
low concentrations of estrogen, aromatase activity is significantly increased (20),
demonstrating that aromatase is normally expressed in this cell line. In order to
have a consistent and higher level of aromatase activity, we have used cells stably
transfected with the human aromatase gene and designated MCF-7CA.

III. HUMAN BREAST CARCINOMA CELLS (MCF-7)
TRANSFECTED WITH THE AROMATASE GENE (MCF-7CA)

The MCF-7CA cells have proved useful for examining the effects of aromatase
inhibitors in vitro. In addition to proliferating in response to estrogens, the
aromatase-transfected cells will respond to androstenedione, whereas wild-type
cells will not. Inhibition of aromatase activity and cell proliferation is correlated to
the extent that both aromatase activity and proliferation can be blocked by the
addition of aromatase inhibitor to the cell culture. Thus, when letrozole is used in a
wide range of concentrations, it is evident that growth inhibition is occurring
within the range of aromatase inhibition. Further studies are necessary to deter-
mine whether there is a direct correlation between these two effects.

The IC50 values of a number of aromatase inhibitors were determined and
compared in several different cell types that expressed aromatase. In addition to
MCF-7CA breast cancer cells, we used JEG-3 human choriocarcinoma cells and
breast fibroblasts. Breast fibroblasts were obtained from women without malig-
nant disease who had undergone mammary reduction surgery. Although both JEG-
3 cells and fibroblasts express aromatase, they are devoid of ER and therefore
do not show increased proliferation in response to estrogens or androstenedi-
one.

MCF-7 human breast cancer cells stably transfected with the aromatase
gene (MCF-7CA) were kindly provided by Dr. S. Chen (City of Hope, Duarte,
CA) (30) and were maintained in Eagle minimal essential medium (EMEM) with
5% fetal bovine serum (FBS), 1% penicillin/streptomycin, 1% nonessential amino
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acids, and 600 µg/mL geneticin (G418). JEG-3 cells were obtained from the
American Type Culture Collection and were cultured in the same medium
as MCF-7CA cells with 10% FBS and without the G418. Cells were plated
into six-well plates (50,000 cells/well) and left overnight to attach. For de-
termination of IC50 values, cells were treated with letrozole, anastrozole,
and 4-hydroxyandrostenedione (4-OHA) for 2 h in the presence of 0.5 µCi
of [1β3H]-androstenedione. Then, 300 ìL of trichloroacetic acid (TCA) was
added to the medium to precipitate the proteins. After centrifugation, 1 mL
of media was mixed with 2 mL of chloroform to extract unconverted sub-
strate and other steroids. An aliquot of 0.7 mL of the aqueous phase was
treated with 2.5% activated charcoal suspension (0.7 mL) to remove any
residual steroids. Tritiated water [3H2O] formed during the aromatization of
[3H∆4A] to estrogen was measured by counting the radioactivity in the
aqueous supernatant. Aromatase activity levels were determined as fmol/
100,000 cells/6 h. All experiments were repeated in triplicate and the results
are expressed as mean ± SEM. Aromatase activity levels were then deter-

FIGURE 1 The relative potencies of aromatase inhibitors in human cell cultures.
IC50 values in breast fibroblasts were obtained by cotreating the cells with
dexomethasone (1 µM) plus inhibitors for 30 h followed by an 18-h assay with 0.5
µCi [1β 3H]-androstenedione in the presence of aromatase inhibitors. The IC50 val-
ues in MCF-7CA and JEG-3 cells were obtained by incubating with 0.5 µCi[1β 3H]-
androstenedione for 2 h in the presence of inhibitors. Each assay was performed in
triplicate. Results are expressed as relative potency to anastrozole. The experiment
was performed twice with different samples of compounds and cells, MCF-7CA and
JEG-3. The relative potencies of 4-OHA and letrozole (LET) is compared to anastrozole
(Ax).
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mined as described above. IC50 values for inhibitors were calculated from the lin-
ear regression line in a plot of percentage of enzyme activity versus log inhibitor
concentration.

For the normal breast fibroblasts, semiconfluent flasks of cells from a 22-
year-old female patient were washed with DPBS and grown for 48 h in routine
medium. Cells (100,000�300,000) were then plated into six-well plates and al-
lowed to attach. Cells were washed and treated with dexamethasone (1 µM) in the
same medium and coincubated with vehicle or inhibitors at various concentra-
tions for 30 h followed by incubation with 0.5 µCi of [1β 3H]-androstenedione for 18
h. Aromatase activity was determined as above.

The results of two experiments are shown in Figure 1. In cultures of all three
cell types, letrozole was the most potent aromatase inhibitor with IC50 values rang-
ing from 0.14 to 0.45 nM. Aromatase was inhibited 2- to 10-fold more effec-
tively by 4-OHA than anastrozole in all of the cell cultures. These results suggest
that letrozole, anastrozole, and 4-OHA have consistent effects on aromatase ac-
tivity in the different types of cells (31).

IV. INTRATUMORAL AROMATASE MODEL
In order to investigate the antitumor effects of aromatase inhibitors in vivo, the
MCF-7CA cells were inoculated into ovariectomized, athymic, immunosuppressed
mice. Although tumors will result from inoculation of MCF-7CA into intact animals
(8), tumor growth in ovariectomized mice is comparatively slow, as the adrenal
glands of these animals secrete reduced levels of adrenocortical hormones. We
found that supplementing the mice with androstenedione, the substrate for
aromatase, improved the growth rate of tumors (8).

Ovariectomized female BALB/c mice (aged 4�6 weeks) were inoculated subcu-
taneously (sc) in four sites, each with 0.1 mL of a suspension of MCF-7CA cells. The
cell suspension of 3 x 107 cells/mL was prepared from subconfluent MCF-7CA re-
suspended in Matrigel (10 mg/mL). Animals were injected throughout the course
of the experiment with 0.1 mg/mouse/day sc androstenedione. Tumor growth was
measured with calipers weekly and tumor volumes calculated according to the
formula 4/3 × π × × r2 (r1 < r2) (10). The animals were housed in a pathogen-free
environment under controlled conditions of light and humidity and received food
and water ad libitum (8,9,32,33).

When all tumors reached a measurable size (�500 mm3), usually 28�35 days
after inoculation, animals were assigned to groups of four or five mice. They
were then treated daily with injections sc and tumors measured weekly. In the
following studies, letrozole (CGS 20,267) and fadrozole (CGS 16949A) (kindly
provided by Dr. Ajay Bhatnagar, Novartis, Basel, Switzerland), anastrozole (ZD
1033) (kindly provided by Dr. Michael Dukes, Zeneca Pharmaceuticals,
Macclesfield, UK), and the antiestrogen, tamoxifen (Sigma), were prepared for injection
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in 0.3% hydroxypropyl cellulose (HPC). The pure antiestrogen, faslodex (ICI
182,780) (kindly provided by Dr. A. Wakeling, Zeneca Pharmaceuticals,
Macclesfield, UK) was injected in oil once per week. Control animals received
vehicle (0.3% HPC, 0.1 mL/mouse/day) sc daily. Groups of mice were also in-
jected with a combination of an aromatase inhibitor and an antiestrogen or a com-
bination of tamoxifen and ICI 182.780. The doses administered in combination
were the same as for each agent used alone. The treatments lasted 5�6 weeks, as
indicated in each figure. Animals were autopsied 4�6 h after the last injection.
Tumors and uteri were removed from the mice, cleaned, weighed, and stored at �
80°C until assayed. The data from the tissue weights were analyzed by one-way
analysis of variance (ANOVA) followed by Newman-Kiels multiple range test.

V. EFFECTS OF AROMATASE INHIBITORS AND
ANTIESTROGENS ON TUMOR GROWTH

Aromatase inhibitors and antiestrogens were effective in reducing tumor growth
in the intratumoral aromatase model (8,9,32,33) (Table 1). Dose-response ef-
fects were evident with tamoxifen and letrozole. Tamoxifen at 60 µg/day almost
completely suppressed tumor growth, whereas tumor regression occurred with
letrozole at the same dose (Fig. 2). This was evident from tumor weights of a group
of mice sacrificed at the beginning of the experiment and compared with tumor
weights of mice treated with 10 µg/day and 60 µg/day letrozole (32).

As the uterus is an estrogen target tissue and because of concerns that it is
stimulated by the agonist actions of tamoxifen in patients, we examined the ef-
fects of tamoxifen and aromatase inhibitors on the uterus. In our model, estrogen
produced by the tumor enters the circulation and is sufficient to maintain uterine
weight at the level of the intact mouse in metestrus. When mice were treated with
tamoxifen (3 µg/day), the weight of the uteri were not significantly different from
those of the vehicle-treated animals even though tumor weights were reduced. In
contrast, letrozole significantly decreased uterine weights, suggesting that the
aromatase inhibitor does not have agonist effects on the uterus and reduces the
amount of estrogen stimulating it (32).

In a separate experiment, we investigated the effects of aromatase inhibitors
letrozole and fadrozole and tamoxifen on ER and PgR in the tumors and uteri (9).
Both inhibitors increased ER levels in these tissues in a dose-dependent manner
(Fig. 3). Tamoxifen, on the other hand, decreased ER levels in tumors and uteri.
Furthermore, tamoxifen tended to increase PgR levels in the uterus, although not
in the tumors. Since the progesterone receptor is an estrogen-responsive gene,
induction of PgR in the uterus is consistent with the agonist effects of this com-
pound on the uterus. The aromatase inhibitors significantly reduced PgR levels in
tumors and uteri. Interestingly, there was no detectable PgR in the tumors of ani-
mals treated with letrozole (60 µg/day and 250 µg/day). This sug-
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FIGURE 2 The effect of the antiestrogen tamoxifen and aromatase inhibitor letrozole
on tumor and uterine wet weight in the nude mouse model. Groups of four mice
were injected sc daily with letrozole CGS 10 µg/mouse/day or 60 µg/mouse/day,
tamoxifen 60 µg/mouse/day, or vehicle. (a) Tumors were measured weekly and the
percentage change in volume calculated. (b) After 56 days of treatment, mice
were sacrificed and tumors and uteri were weighed. Values, mean ± SE, are sig-
nificantly different from control. *P < .05; CGS 10 µg vs. TAM+ P <.05; CGS 60 µg vs.
TAM2+ P < .01 (32).



Relevance of Animal Models to the Clinical Setting 235

FIGURE 3 (a) Effects of letrozole on ER/PgR levels and tumor weight of MCF-7CA
tumors grown in OVX mice. (b) Effects of letrozole on ER/PgR levels and tissue
weight of uteri of OVX mice with MCF-7CA tumors. ER and PgR were measured
in frozen tissues. Bars, mean ± SE of three determinations; ND, no PgR detected.
*P < .05 vs. control (9).
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TABLE 1 The Effect of Letrozole and Tamoxifen on Tumor Weight

Treatment Mice Tumors Tumor
Treatment days (n) (n) (mg wet weightb)

Vehicle 1 4 21 53.54 ± 7.51c

Vehicle 56 2 17 226.3 ± 31.10
Tamoxifen 56 4 26 55.88 ± 12.20c

Letrozole 56 4 22 20.58 ± 2.09c

Letrozolea 35�56 2 14 74.64 ± 9.10b

Groups of four mice were injected sc with tamoxifen or letrozole (60 µg/mouse/day) or
vehicle. One group of vehicle-treated mice were autopsied on day 1, and tumors were re-
moved and weighed.
aTwo mice in the control group were crossed over to letrozole treatment on Day 35. All other
mice were autopsied on day 56 of treatment.
bMean ± SE.
cValues are significantly different from control (P < .01) (32).

gests that this compound may prevent induction of other estrogen-induced genes,
such as those involved in proliferation (9) (Fig. 3a & b).

As both antiestrogens and aromatase inhibitors are effective in treating breast
cancer patients, combining these agents with different modes of action might re-
sult in greater antitumor efficacy than either alone. As a guide to future clinical
strategies, we used the intratumoral aromatase model to address this question.
When fadrozole (250 µg/day) was combined with tamoxifen (3 µg/day), tumor weights
were not significantly different from those with the aromatase inhibitor alone, whereas
uterine weights were similar to tamoxifen alone (9). The ER and PgR levels reflected
these tumor weights (Fig. 4a & b). Thus, it is apparent that when estrogen levels are
reduced by the aromatase inhibitor, tamoxifen has direct agoinst actions on the
uterus but not on the tumor. Similar results to those with fadrozole were obtained
with 4-OHA (9). In order to determine whether greater reduction in antitumor effects
could be achieved by combining these two types of agents, we used doses of the
compounds which resulted in partial tumor suppression. However, the dose of
tamoxifen (3 µg/day) in these experiments may not have been sufficient to block
effectively the actions of the high local level of estrogen in the tumors, as evident
from the induction of PgR by tamoxifen alone.

In further studies, we investigated the combination of other aromatase inhibi-
tors with antiestrogens (32,33). Since 10 µg/mouse/day letrozole caused almost
complete regression of tumors, a dose of 5 µg/day letrozole was used in the com-
bined treatments. This was compared with the same dose of anastrozole. All com-
pounds alone, or in combination at these doses, were effective in sup-



FIGURE 4 (a) Effects of combining an aromatase inhibitor and TAM on ER/PgR
levels and tumor weight of MCF-7CA tumors grown in OVX mice. (b) Effects of
aromatase inhibitor and TAM on ER/PgR levels and tissue weight of uteri of OVX
mice with MCF-7CA tumors. Estrogen receptors and PgR were measured in frozen
tissues. Bars, mean ± SE of three determinations; TAM, tamoxifen; FAD, fadrozole
(CGS 16949); *P < .05 vs control; **P < .01 vs control; + P < .01vs TAM (9).



FIGURE 5 (a) Effect of treatment with tamoxifen (3 µg/day), Arimidex (ZD 1033) (5
µg/day), letrozole (CGS 20,267) (5 µg/day), and the aromatase inhibitors in combina-
tion with tamoxifen on the volume of MCF-7CA breast tumors in nude mice. (b) Effect
of treatment with tamoxifen (3 µg/day), Arimidex (ZD 1033) (5 µg/day), letrozole
(CGS 20,267) (5 µg/day), and the aromatase inhibitors in combination with tamoxifen
on the mean weights of tumors and uteri from nude mice. Values were significantly
different from control *P < .05 (33).
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pressing tumor growth in comparison to that of the control mice. Weights of
tumors removed at the end of treatment were significantly reduced by treatment
with the aromatase inhibitors letrozole and anastrozole compared to tamoxifen
(P < .05) (Fig. 5) (33). Treatment with either anastrozole or letrozole together
with tamoxifen did not produce greater reductions in tumor growth, as measured
by tumor weight, than either aromatase inhibitor treatment alone. Estrogen con-
centrations measured in tumor tissue of the letrozole treated mice were markedly
reduced from 460 to 20 pg/mg tissue. The combination of aromatase inhibitor
and tamoxifen tended to be less effective than either aromatase inhibitor alone,
but this was not statistically significant for either letrozole or anastrozole (Fig. 5)
(32,33). The pure antiestrogen ICI 182.780 has been reported to have significant
antitumor effects in the nude mouse (28). When it was combined with tamoxifen,
the mean tumor weight was also slightly greater than after treatment with ICI
182.780 alone (33). We did not investigate the possibility of interactions be-
tween tamoxifen and the aromatase inhibitors which might reduce the plasma lev-
els of these compounds. However, a reasonable conclusion, as indicated above, is
that tamoxifen may have a partial agonistic action on the tumors, overriding the
reduction in estrogen concentrations�even in the tumors�achieved by aromatase
inhibitors. The agonist action of tamoxifen may also counteract the effect of the
pure antiestrogen. This effect was evident in the tumors and uteri, as treatment
with the combination of tamoxifen and ICI 182.780 was less effective in reducing
uterine weight than the pure antiestrogen alone (P < .05 (33).

In summary, letrozole is the most potent agent of those investigated in the
mouse model. Our studies reveal the agonist effects of tamoxifen on the tumors,
particularly when estrogen levels were reduced. Our findings suggest that com-
bining any of the four aromatase inhibitors with antiestrogens did not result in any
greater antitumor efficacy than occurs with these agents alone. Although these
agents are used in higher doses in patients and may have different pharmacoki-
netic properties from those in mice, our results do not suggest that combining
aromatase inhibitors with antiestrogens will be of greater benefit to patients com-
pared to their sequential use, as currently applied. This strategy of using agents
with different mechanisms of action is likely to be more advantageous by extend-
ing effective treatment when resistance has developed to first-line therapy.
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Dean Evans: In terms of animal models that are currently available for use in
aromatase research, there are the NMU (nitrosourethrane) and DMBA
(7,12-dimethylbenzanthracene) carcinogen-induced models, your MCF-
7 aromatase xenograft model, and the aromatase transgenic model of
Raj Tekmal. What are your thoughts on the need for additional mod-
els? For example, in the use of the MCF-7 aromatase cells as an
orthotropic model where you actually implant the tumors or inoculate
the cells directly into the cleared fat pad rather than administering them
subcutaneously or even to look for or develop estrogen receptor (ER)-
positive/aromatase-positive metastatic breast models.
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Angela Brodie: Yes, we haven�t used the metastatic model. The reason
being that when we�ve been looking at inhibitor effects, we wanted to
measure changes in growth. If tumors metastasize, the control animals
may die before we finish the experiment. Also, there are multiple sites
involved. We found it more convenient to look at the tumors growing
subcutaneously. However, it is certainly a model that we will be look-
ing at in the future. I think that it will give us even more information
about how the tumors are going to respond to the treatment.

Serdar Bulun: Those were outstanding presentations, thank you very much.
I have a question for Angela. What is the estrogen levels or the con-
cept of estrogen production in ovariectomized mice�have you looked
into that?

Angela Brodie: The estrogen level is extremely low in ovariectomized
mice unlike the patients. There is really no peripheral conversion, so
we are using the tumor to produce estrogen.

Serdar Bulun: I see, and I have a comment for Dr. Eppenberger�s talk.
Three different groups, including ours, Dr. Harada�s and Chen�s, have
found increased aromatase mRNA levels in tumors and also in tis-
sues around the majority of tumors. What was interesting was in
terms of promoter use. We thought that when we would get the pro-
moters in adipose tissue taken 1 cm and 10 cm from the tumor or
within the tumor, we were thinking that we would see a grading ef-
fect. In other words, promoter 1.4 or 1d would be used away from
the tumor, but as you get near the promoter, use would be changed.
We were surprised to find out that it was uniform�it was all pro-
moter |II or I.3, or in other terminology, it was 1c/1d, the cAMP in-
ducible promoters. So we might be looking at a systemic effect as
opposed to a local tumor effect. In terms of promoter usage, we still
do not have a ready explanation, and I would like to hear your thoughts
about that.

Urs Eppenberger: We found similar data for promoter distribution. We
were thinking that there was a distinct discrimination between nor-
mal and tumor tissue, but we couldn�t detect that. These findings
seem to be similar to studies that we carried out on ER variants
where we were able to detect the same variants in normal tissue as
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well. In other words, there is a kind of polymorphism in terms of promoters.
One thing we are aware of is that high levels of aromatase expression

are not only found in tumors with positive ER levels but also with negative
ER levels.

Dean Evans: Before we move on from this point, one question which
comes up from time to time is whether the patients with ER-nega-
tive/aromatase-positive breast tumors are actually candidates for
aromatase inhibitor therapy. If we consider the local and direct mecha-
nism of action of the aromatase inhibitors in the breast, then it does
not really make sense that these would be candidates, since the ER
is absent. So considering this from a local mechanistic viewpoint, are
these patients with ER-negative/aromatase-positive breast tumors
candidates for aromatase inhibitors?

Urs Eppenberger: Yes, but there is this subset which is ER/progesterone
receptor (PgR)-negative, but with high levels of aromatase, and that
is one group I would suggest to treat with letrozole in the future as a
first-line therapy if possible, since this subset might represent an ag-
gressive tumor type.

William Miller: I was just going to say that Mike Dixon yesterday indi-
cated a selection procedure for neoadjuvant treatment with letrozole
and indeed other forms of endocrine therapy which is clearly based
on ER. So potentially, in clinical practice, the decision has already
been made that the population of tumors which is likely to respond
will be ER rich. Maybe we might have to reassess that, but at the
moment that is the situation.

S. Holmberg: I have a question for Dr. Brodie. Could you speculate (in a
mechanistic fashion) why the combination group did so poorly? It
seems that it should be an ideal treatment.

Angela Brodie: I think that tamoxifen is acting as a partial agonist as well
as an antagonist. I think that when we lower the level of estrogen
with the aromatase inhibitor we are seeing more of the agonist effect
of tamoxifen on the tumor. The inhibitor is giving much better sup-
pression of tumor growth.

Dean Evans: Angela, you showed one figure using the MCF-7 aromatase
xenograft model in which you have administered letrozole
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as a long-term treatment where, after the reduction and maintenance
of a reduced tumor volume, that at about 18 to 20 weeks of treat-
ment, you begin to observe a small increase in tumor volume. Al-
though the tumor size is still well below the initial starting tumor vol-
ume before the treatment commenced, is this observed small increase
in tumor volume related purely to the fact that maybe the dose of
letrozole that was used in this experiment was suboptimal?

Angela Brodie: Yes, a very low dose of letrozole was used. It could be
that there is a loss of inhibition after several weeks, but that is some-
thing that we need to investigate further.

Ajay Bhatnagar: Just to comment on what Angela said about the combi-
nation of tamoxifen and aromatase inhibitors. It is very important
that this reason be documented in these proceedings, because it of-
ten tends to be forgotten that the only clinical trial that is going on
right now that I know of is the ATAC (Anastrozole, Tamoxifen, and
Conbined) trial, where there is such a combination using an
antiestrogen and aromatase inhibitor. And the effect that Angela
mentioned, which is that the partial agonists tend to become even
more agonistic when the level of estrogen is lower occurs not only in
animals, but also occurs in the human situation. And thus this will be
something that needs to be taken into account when ATAC results
are finally analyzed.

Mitch Dowsett: Can I respond to that first? ATAC is by far the biggest
situation assessing the combination, but I think Ian Smith outlined our
IMPACT trial, which is a neoadjuvant trial with exactly the same
randomization as ATAC. So, there is the opportunity there to see
whether this Arimidex, tamoxifen, aromatase inhibitor, tamoxifen in-
teraction is negative as you are suggesting actually on the primary
tumor.

Ajay Bhatnagar: I think, Bill, that the data you presented, i.e., your
hypothesis, along with the data about induction of enzyme activity
with the type II inhibitors could have enormous potential impact
as we move the aromatase inhibitors into early breast cancer and
longer therapeutic times. I would like to give a little bit of informa-
tion, which has already been published, and to ask you for your com-
ment. About 3 years ago, we published results we obtained with diurnal
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variation of estradiol in both healthy postmenopausal women and in
adult males. This was done as part of a Phase I study for letrozole
and fadrozole. When you look at the placebo group, you will find that
there is a diurnal variation in estradiol levels. They tend to go up and
peak at about 10:00 to 12:00 o�clock in the morning, and then start to
go down and start coming up again in the evening. And they very
much pattern the cortisol values with a lag time of 2 to 3 hours, which
are also diurnal variant under normal situations. There is very much
a biological human clinical correlate to the fact that we are using
glucocorticoids. One can have an effect on estradiol levels which
come through the induction of the aromatase enzyme. Now, in your
studies, since dexamethasone is also a steroid�and one would have
to make some sort of assumption that the effect of dexamethasone
on the stability of the enzyme has something to do with binding to the
active site�it would seem quite reasonable to expect that steroidal
aromatase inhibitors that also bind at the substrates site using their
steroid structure would then antagonize the effects of dexametha-
sone. And maybe one could explain what you have shown in those
terms that the steroidal inhibitors antagonize the effects of dexam-
ethasone. This does not explain what the type II are doing in terms of
increasing the effects of dexamethasone. Do you think that the model
you have presented may be something that is not as solidly based in
terms of induction of aromatase by the type II inhibitor as compared
to the type I inhibitors?

William Miller: Well, thank you very much for that information. Maybe I can
take a step back. When we first presented the data on the induction of
aromatase activity by aminoglutethimide we were aware that this re-
gime was not simply aromatase inhibitor but aromatase inhibitor and hydro-
cortisone. And when we first presented, we were afraid to attribute
the effect to aminoglutethimide. We were more driven towards the
idea that, in fact, it was the hydrocortisone components of the regime
that actually did the induction. And we said that against a background
that we also knew that it produced some result in culture situations.
What we were able to show was that, if you change the pattern of
exposure of target cells to corticoids, then you change the results and
expression of aromatase. My feeling is that the results that are now shown
with letrozole would suggest that what we are seeing is a generic effect
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of a type II inhibitor. Hence, the other reason that we showed on one
of the slides data, where in culture we incubated with dexametha-
sone to induce synthesis, and then put the letrozole in. And then we
did the experiments where we left the dexamethasone out, and we
simply added the type II inhibitors. Under these conditions, we still
observed enhanced aromatase activity.

  It may also have clinical implications, if in fact we do believe
there is a real clinical effect of inducing aromatase, then the thing to
do to get round this is to combine type I and type II, so that the
induction by the type II is inhibited by the type I. But, we have not
done the experiment. It is clearly an important experiment to do.

Mitch Dowsett: These were exceptionally good presentations this morn-
ing. Bill, with the nonsteroidal inhibitors the data you have in vitro on
the stabilization or induction of aromatase enzyme showed changes
by about 50% above baseline. With respect to aminoglutethimide,
you get up to a 10-fold increase in vivo. Could the hydrocortisone
have some impact there? Is that the explanation, or do you have
another explanation for the differential quantitative effects?

William Miller: No, all I can do is to make the interesting observation
which I did during the talk. The inductive effect we actually saw in
the patients with aminoglutethimide/hydrocortisone is quite marked,
whereas with letrozole, of course, you still get an inhibition of tumor
aromatase, but it is not to the same degree that we would have ex-
pected. I simply made the correlation that, if you actually look in the
model system, then the induction which is produced by
aminoglutethimide is substantially more than that produced by letrozole.
So these two do go parallel; whether this is coincidence or not I do
not know.

Angela Brodie: Can I just add a comment to that? We have also seen the
same effect in the cell culture systems as have others. The induction
with the aminoglutethimide is considerably more than it is with letrozole
or fadrozole. These results are published in W. Yue and A. Brodie.
Steroid Biochem 1997; 63:317�385.

Mitch Dowsett: Thanks, Angela. There is another point to Bill. The model
you have where you are looking at the measurement of
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aromatase after 3 months�we have talked a lot about the impor-
tance of timing of the biological observations in these neoadjuvant
models depending on which endpoint one is looking at. What are
your thoughts about the cell population you are left with after 3 months
and what the aromatase activity, which you have measured, is there-
fore showing us after 3 months?

William Miller: I think you are pointing to a limitation in the experimental
system that we have. We study events at the end of 3 months, and
the assumptions we have made that we are studying the same tumor.
It is very clear from Mike Dixon�s results that, if you are actually
looking at the residual tumor, it may have changed. I think one of the
questions that could have come forward is to ask, if you are getting
these wonderful responses as we do get with letrozole, is there going
to be substantially less tumor cells in the biopsy? And, if in fact the
tumor cells are the major site of aromatase activity, are you actually
seeing an inhibition of aromatase, but just a decellularization of the
tumor? Whilst this could be true in some of these tumors (and we do
not identify the components of the tumor responsible for aromatase
activity), I do not think that that is true of all of them. In fact, when
you look at some of these tumors histologically, which we have done,
although the tumor has shrunk in size, if you look at a section of the
tumor, it has not changed morphologically from before.

  Perhaps I may just take a step back. We have one outlyer
where in fact we seem to have an increase in aromatase activity,
which I cannot really explain. I think what is interesting is that
that tumor was actually one of the tumors that showed the great-
est responses. There was still tumor left in the biopsy, but only
microscopic residual disease. I have tried to indicate that there
are differences when you look at activities in nonmalignant breast
and in tumor. It may just be associated with that. Just to compli-
cate these things a little further, our methodology repeats radioac-
tive steroid infusion 3 months after the first infusion in order to show
that there is a change in aromatase activity. We make the assump-
tion that all the radioactivity that we pick up after that second infu-
sion comes from that second infusion. And there is just the possibility
that this radioactivity may reside from the first infusion. If then you have
a complete response of the tumor, and what is left is largely fat, and fat acts as
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the reservoir for steroid hormones, what we might be seeing there
artifactually is material that is left from the first infusion.

Mitch Dowsett: Thanks Bill, that was a very full explanation. Angela,
during your talk I picked up one particular comment, which I think
was almost an aside. When you were going through the MCF-7 ex-
periments in vitro, I think you made the comment that some of the
antiproliferative effects were perhaps greater than would have been
anticipated from just aromatase inhibition. As I made the argument
yesterday that letrozole might, at some dosages, have some impact
on other pathways, I was sensitive to that particular comment. I just
wondered whether you examined that in more detail. For example,
have you looked at MCF-7 cells, which when they are stimulated
with estradiol, would not be expected to be growth dependent on any
aromatase activity, and whether letrozole has some impact in that
circumstance?

Angela Brodie: Actually no, we haven�t. I think that is certainly a very
good suggestion. We will look into that further in the future.

Dean Evans: A question to Hironobu in regard to the topic of intratumoral
aromatase and one which is maybe of more academic importance in
relation to the precise cellular localization of aromatase in the breast.
Based on the immunohistochemical data obtained using the two pre-
viously existing aromatase antibodies, differential cellular staining pat-
terns have been observed between them even when used on se-
quential tissue sections. What are you thoughts on the importance of
the precise sublocalization of aromatase in the breast in regard to the
use of aromatase inhibitors; because whether aromatase is localized
within the stromal cell compartment or the carcinoma cells them-
selves, there would be still aromatase activity present within the breast
to actually contribute to the local supply of estrogens.

Hironobu Sasano: Of necessity there are controversies of whether it is
the tumor cells or the stroma cells that express aromatase. In our
own study, desmoplastic stromal cells and adipocytes around the tu-
moral invasion sites are primary sites of aromatase; i.e., estrone pro-
duction. Some tumor cells may also convert androgens to estrone by
aromatase, but one must also consider the number of each cell
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type contained in human breast cancer. It may depend on histological
types of the tumor, but stromal cells and adipocytes comprise the bulk
of human breast cancer tissue. Therefore, I believe that predominant
sources of intratumoral estrogens by aromatase are these desmoplastic
fibroblasts and reactive adipocytes.

William Miller: Can I ask a generic question about strategy with regard to
these antibodies. We have already heard that two reasonably charac-
terized antibodies, which in model systems or in systems expressing
large amounts of aromatase, seem to give positive answers. But when
you actually look at breast cancers they may give different answers
both in terms of subcellular distribution or in the predominant type of
cells in which you are staining. If then the new antibodies which you
are going to characterize also show this heterogeneity of staining,
what will the criteria be for determining which antibody is actually
measuring aromatase in tumors and which is not?

Dean Evans: I am going to refer this question in part to Hironobu. These
aspects are very important in the decision-making strategy for the se-
lection and development of the new monoclonal antibodies that we are
generating. My own feeling on this point is that we should not reject
any antibody based on our prior knowledge or expectations that has
been obtained using the previous polyclonal and monoclonal antibod-
ies. At least biochemically the new monoclonal antibodies are initially
selected based on reactivity to recombinantly expressed aromatase pro-
tein that was then purified to homogeneity using sequential affinity
column chromatography and gel filtration procedures as well as being
assessed for reactivity on control mock-infected cell lysates and other
recombinant purified proteins. This should initially narrow the possi-
bilities for cross reactivities. At the histological level, these initial anti-
bodies are then screened sequentially on several different aromatase-
expressing tissues based on immunoreactivity of samples prepared us-
ing procedures routinely employed in pathology labs. Localization pat-
terns are important selection criteria that need to be included to help in
guiding the selection, but at the same time this also needs to be handled
with some flexibility and especially in the early histological rounds of
screening to avoid eliminating antibodies based on any preset expecta-
tions. That is why these new monoclonal antibodies will not be initially
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released too early to investigators outside of the core group of col-
laborators involved in this project. However, once these monoclonals
are fully validated biochemically and histologically, it is the intention
that these antibodies will then be made generally available on request
to interested investigators.

Hironobu Sasano: I think the first criterion is the exclusion of inappropri-
ate antiaromatase monoclonal antibodies in the presence of immu-
noreactivity in the nuclei of the cells. I believe that everyone agrees
with this point. With respect to the other exclusion criteria, we should
be open minded whether it is stroma cells or carcinoma cells. Ideally,
immunoreactivity detected by these monoclonal antibodies is corre-
lated with biochemical activity of the enzyme, on the degree of
aromatase expression determined by other methods, and possible
response of aromatase inhibitors in the patients with breast carci-
noma. However, as I mentioned in my presentation, a good and re-
producible screening system is absolutely required for this purpose.

Dean Evans: This is a collective question to the speakers. One of the
basic aspects which is initially an important consideration is whether
aromatase is being expressed or not in the breast tissue and breast
tumor cells. To what importance is the gradation in aromatase ex-
pression levels to the actual local biology of the breast? In the talk of
Urs Eppenberger, data were shown where there was quite a wide
variation in aromatase mRNA levels in the primary breast tumors.
Now whether this mRNA is then translated to protein and the pro-
tein is functionally active awaits further study. Is it the presence or
absence of aromatase expression in the breast or the gradation in
level of expression that is important?

Urs Eppenberger: We will address this question in the context of the BIG
trial 1-98, which is a Phase III study evaluating letrozole in post-
menopausal women with ER/PgR�positive tumors.

Hironobu Sasano: I believe that the variations observed reflect marked
diversity of histological subtypes of breast carcinoma examined, such
as invasive ductal carcinoma, lobular carcinoma, ductal carcinoma in
situ cirrhus type, or medullary type. You have totally different cell
populations in the specimens that you examined. For instance, some
carcinoma specimens may contain 80% carcinoma on
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epithelial cells. This is the primary reason of such diversity. Correla-
tion of the findings with morphological findings on in situ approach is
therefore considered as a �must� in the analysis of clinical materials in
this case.

Urs Eppenberger: I was mentioning or comparing in my lecture something
about erbB-2 overexpression. In this context, we started to realize that
histological subsets have to be discriminated, since they have different
prediction with respect to adjuvant chemotherapy. A similar situation
is possible with high levels of aromatase expression, but this has to be
proved first different prediction.

Harold Harvey: I have two related questions to Dr. Miller, and they concern
the kinetics of the aromatase enzyme. Bill, what is known about the
rate of the resynthesis of this enzyme, for example, after a stop at a
type I inhibitor? Secondly, when you talk about stabilization of the
enzyme, of a protein, are you referring to lack of the protein, and if so,
what is known about the catabolic pathways for aromatase, because
presumably this could be a target for therapy as well?

William Miller: Can I defer these to other people on the panel, because I
feel they have done the basic work on stabilization and know much
about it? Professor Harada and Dr. Brodie have actually done the
stabilization work I presented.

Angela Brodie: As far as the resynthesis of the enzyme, we have done that
experiment in JEG cells, choriocarcinoma cells, which have a com-
paratively high expression of aromatase. It seems that it takes about 24
hours for resynthesis. If you inhibit it completely with formestane,
which inactivates the enzyme, resynthesis occurs in about 24 hours. I
think that Dr. Brueggemeier has done similar experiments. So, that
seems to be in those cells at least the time for resynthesis. The stabili-
zation experiments have been done with cycloheximide, and really rep-
resent degradation of the enzyme. We do not think we have looked at
the time it takes to degrade aromatase.

Dean Evans: At present, there are two schools of thought relating to explain-
ing the phenomenon of why aromatase inhibitors increase aromatase
levels, and both have supportive evidence. One explanation is that it
occurs via stabilization of the protein and the other is
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via the induction of mRNA. Which of these possibilities so far has
the strongest supportive data? What Angela has just said is that what
we are maybe actually getting is a feedback loop where aromatase
promoter activity is being activated. There is some data from Shiuan
Chen on mRNA measurements suggesting that transcriptional activ-
ity of the aromatase promoter is the regulatory component that is
being affected.

William Miller: Maybe I could respond on that and tie in one of your
earlier questions. My feeling is that until recently we did not have the
tools to do things properly, and certainly not in clinical material, to see
whether experimental observations translate into clinical material.
For this reason, it is so important that Eppenberger�s measurements
on messenger RNA are actually characterized to see whether they
are meaningful, because up until now we really have not been able to
measure accurately the messenger RNA in clinical specimens of
breast cancer. And now we have what seems to be very exquisite
real-time polymerase chain reaction (PCR) technology. I think that
this is important. It is the same with regard to the aromatase pro-
tein�Part of the problem is that the level of aromatase activity in the
majority of breast cancers is really very small, although it might re-
ally be important, because it produces estrogens locally. And again, I
do not think we have the tools to measure with confidence the
aromatase activity or protein in individual tumor compartments. I think
that is why it is so important that we do characterize with well-de-
fined criteria the new antibodies that are produced. If I then tie that
into the question you asked about quantification of aromatase�I think
it is important to quantitate. Mitch Dowsett showed us a slide yester-
day which showed a relationship between immunochemical staining
and response to aromatase inhibitors, but there is a huge overlap
between groups. The reason that you get a statistically relevant dif-
ference is that the high levels of aromatase are in tumors which tend
to respond. The problem is that we are not in bad shape when look-
ing at high levels of aromatase, but I do not think we can very accu-
rately quantitate low levels.

Arnold Verbeek: Question to Bill. There was some discussion going on
this morning of what the proper sequence should be of treatment
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with a steroidal and nonsteroidal aromatase inhibitor, and whether they
should be given in combination. I would just like to mention there is
some quite nice clinical proof available that the steroidal aromatase
inhibitor like exemestane works very well after nonsteroidal aromatase
inhibitors. I think clinically that the sequence is one of activity. Could
you please comment?

William Miller: I am grateful for that question. I did quote the Coombes
study, which suggested that you could get response with formestane
after the nonsteroidal inhibitor. And you are absolutely right. I think
that Steve Johnston showed a very nice slide yesterday from a re-
view by Per Lønning which showed very clearly that you do get
responses with nonsteroidal inhibitors, such as exemestane after a
use of a nonsteroidal. I think that is a very important point to make.

Mitch Dowsett: Could I just ask Bill to summarize a quarter of century of
his activity in the area? Do you think that the absence of aromatase in
a breast carcinoma excludes the possibility of responding to an
aromatase inhibitor?

William Miller: No, absolutely not. It is very clear, if you look at the type
of studies where you infuse patients with both radioactively labeled
androgen and estrogen, you can look at the relative proportions of
radioactivity�whether 14C or 3H�and purify the estrogen fractions.
You can then show that certain tumors do not get their estrogen from
their own biosynthesis but rather from the circulation. And in those
situations, it is clear that an aromatase inhibitor working peripherally
will cause a response.

Nobuhiro Harada: This may be a more general question, so I do not know
whom I should ask. Probably Dr. Miller or Dr. Dowsett would best
be able to answer it. Recently, highly potent aromatase inhibitors were
developed causing complete suppression of aromatase activity and
resulting in estrogen deprivation for a long period. This complete sup-
pression could make ERs become hypersensitive, so that trace levels
of estrogen could promote tumor proliferation, as supported by data
from Drs. Masamoto and Santen and as mentioned by Dr. Dowsett
in yesterday�s session (Panel Discussion 1). Is it likely that this could
be a drug-resistance mechanism of tumor cells to a long-term treat-
ment with an aromatase inhibitor?
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Mitch Dowsett: I do think that we have some consistent data now from
Dick Santen�s and my lab that you can get this hypersensitivity. We
are doing very detailed molecular analysis of the cells during that ac-
quisition of hypersensitivity to try to explain why this might occur. We
have not distinguished anything very different about ER. Our favored
hypothesis was that coactivators might be overexpressed in this cir-
cumstance. But those coactivators we have looked at have not yet
revealed any real difference. So I think we have a consistent but unex-
plained phenomenon which is recapitulated in the clinical scenario as
well, and I think it is therefore relevant.

     In terms of can you avoid it or can you utilize strategies to get
patients to respond thereafter, one of the rather interesting aspects
which I did not go into yesterday, but people may have picked up was
that you have this bell-shaped curve with estrogen stimulation. The
wild-type cells there have reduced stimulation above 10�9 molar, and
with the long-term estrogen-deprived cells, the curve tends to go over
above about 10�11 molar. These higher doses of estrogen are actually
those that are achievable by just straightforward hormone-replacement
therapy (HRT), and are consistent with the hormone levels in a pre-
menopausal woman.

     Professor Lønning and Professor Howell are doing some studies
in which they are utilizing diethylstilbestrol after aromatase inhibitors
to determine whether or not you can get responses to that particular
mode. My only concern about that is that it is actually still a rather high
dose of estrogen above that which we are seeing in premenopausal
women. The real test would be in premenopausal women to treat ini-
tially with a gonadotropin-releasing hormone (GnRH) agonist, like
Zoladex, and then perhaps add in a compound like formestane, and to
extend it further by using a compound like letrozole. At resistance,
withdraw all treatment and allow the estrogen |levels to reassert a pre-
menopausal level, then determine whether the tumor is actually sensi-
tive to premenopausal estrogen levels. I think that is the route to test
the concept, and it is not only a test, it is an opportunity.
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Aromatase Inhibitors as Therapy for
Pubertal Gynecomastia

Paul B. Kaplowitz
Virginia Commonwealth University School of Medicine
Richmond, Virginia

I. ABSTRACT
Pubertal gynecomastia is a common condition which probably reflects subtle alter-
ations in the balance of testosterone and estrogen production in teenage boys.
Studies to date have failed to identify a consistent hormonal abnormality in these
teenage boys. Most cases are mild and transient, but in a minority, the gynecomas-
tia is sufficiently marked and persistent to be distressing to the boy. Even in these
cases, one study reported that only 7 of 60 had a defined etiology. Surgical reduc-
tion is not an option for most of these patients, and there has been relatively little
experience with medical therapy with antiestrogens and nonaromatizable andro-
gens. The importance of aromatase in the pathogenesis of gynecomastia is sup-
ported by studies of rare cases of aromatase excess, and in vitro studies showing
increased aromatase activity in skin fibroblasts from men with gynecomastia ver-
sus controls. In addition, a single study published in 1986 indicated that the drug
testolactone taken three times a day was moderately effective in reducing
breast size in a small group of boys with pubertal gynecomastia. The case is
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made that a controlled trial should be undertaken with one of the newer, more
potent long-acting aromatase inhibitors such as letrozole in boys with marked
persistent pubertal gynecomastia.

II. INTRODUCTION
Gynecomastia refers to an abnormal amount of glandular breast tissue in males. It
must be distinguished from lipomastia in obese individuals, in which what appears
to be enlarged breast is actually all adipose tissue. �Physiological� gynecomastia
is seen in newborns, adolescents, and the elderly. Pathological gynecomastia is
seen mostly in adults, and it can generally be attributed to either a decrease in
testosterone formation or action, or enhanced estrogen production, or drugs that
alter the testosterone/estrogen balance (1).

Pubertal gynecomastia is defined as the presence of breast development in
otherwise normal boys, usually starting in mid-puberty. Two studies have shown
that a small amount of breast tissue can be palpated in approximately half of nor-
mal boys (2,3). This benign pubertal gynecomastia rarely causes problems and
often regresses within a year. However, a smaller proportion of boys have a more
marked increase in breast size, which tends to persist and may cause emotional
distress, anxiety, and even depression (4). Although firm data are not available on
the history of this more severe form of pubertal gynecomastia, anecdotal experi-
ence suggests it can persist for years, and that spontaneous regression is much
less likely to occur. The incidence of this more severe form of pubertal gyneco-
mastia is unknown, but a recent study from Johns Hopkins University included 60
boys with marked breast development (diameter of greater than 4 cm) seen over a
10-year period (5). Only 7 of the 60 boys had a defined etiology: Klinefelter�s
syndrome in two and one each with familial increased aromatase activity, partial
androgen insensitivity, estrogen-secreting hepatocarcinoma, and 46 XX maleness.
The remainder were considered idiopathic.

It is generally assumed that the physiological rise in serum estradiol during
male puberty due to aromatization of testosterone is required for the develop-
ment of breast enlargement. However, comparison of sex steroid levels between
boys with gynecomastia and control boys has often failed to detect consistent or
significant differences (4). One study found modest transient elevations in serum
estrogen levels (6), another reported a decrease in the ratio of adrenal androgens
to estrone or estradiol, but normal ratios of testosterone to estrogens (7), and
another found decreases in free testosterone in boys with breast tissue versus
controls (3). One of the difficulties in interpreting such studies is that some looked
at all boys with any palpable breast tissue, whereas others examined only boys
with marked gynecomastia. Another difficulty is that the critical time for detect-
ing hormonal imbalances may be when breast development first starts; how-
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ever, at the time of evaluation in these boys, they may have had breast develop-
ment for a variable number of months or years.

III.  INVOLVEMENT OF AROMATASE IN GYNECOMASTIA
Evidence that increased aromatase activity can be linked to gynecomastia comes
from several sources. Rare families have been described in which increased
aromatase activity in peripheral tissues results in the prepubertal onset of gy-
necomastia. One 8-year-old boy was able to convert half of his circulating an-
drostenedione to estrone with a production rate of 780 µg per day, about 50-fold
above normal (8). Two additional reports described two brothers (9) and a brother
and sister (10) who had similar severe prepubertal breast enlargement, suggesting
a single gene mutation resulting in increased levels of P450 aromatase gene tran-
scription (10). Prepubertal gynecomastia has also resulted from an aromatase-
producing sex cord tumor in a 4-year old boy; aromatase activity was found to be
about 100-fold greater than in normal adult testicular tissue (11). A recent study
found strong aromatase immunoreactivity in the breast tissue of 37% of boys and
men with idiopathic gynecomastia, indicating that, in some cases, local increases
in estrogen production within breast tissue itself may favor growth in males (12).

Finally, the possibility that idiopathic gynecomastia might be related to in-
creased aromatase activity in peripheral tissues was investigated. Cultured pubic
skin fibroblasts from eight males with gynecomastia (five were 16�20 years old)
were evaluated for their ability to convert labeled androstenedione to estradiol
and compared with similar fibroblasts from five control men (13). After 4-h of
incubation, seven of eight gynecomastia versus none of five control fibroblasts
produced detectable amounts of labeled estradiol. The authors speculate that such
an increase in aromatase activity in peripheral tissues could cause local (but per-
haps not systemic) increases in estradiol production and favor development of
gynecomastia.

IV. THERAPY OF GYNECOMASTIA

A. Surgery
The only widely accepted treatment for pubertal gynecomastia is surgical reduc-
tion (1). However, insurance companies consider the use of surgery for this condi-
tion as cosmetic surgery, and so rarely cover it. Many refinements of the basic
technique have been made in the past 30 years. Very good results with minimal
scarring have been obtained by suctioning the nonglandular tissue and having the
patient wear a Velcro chest binder for 8�12 weeks (14). Given the expense and
potential morbidity of a surgical procedure, medical alternatives to surgery
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should have attracted considerable interest. It is therefore surprising that very few
studies have been published which describe the results of hormonal therapy for
pubertal gynecomastia. Those studies are summarized below.

B. Drug Therapy for Pubertal Gynecomastia:
Sex Steroid�Like Drugs

The first agent used for pubertal gynecomastia was clomiphene citrate, an
antiestrogenic drug which acts in the hypothalamic-pituitary axis to induce a surge
of gonadotropins and has been used for ovulation induction. In a 1983 study, 12
boys with persistent pubertal gynecomastia were treated with 50 mg/day for 1�3
months (15). Since only five boys had a reduction of breast diameter of more than
20%, the outcome of this therapy was not considered satisfactory.

A gel form of dihydrotestosterone (DHT) was applied directly to the skin over
the breast tissue in a group of 40 men with idiopathic gynecomastia in a study
reported in 1983 (16). The rationale was that since DHT cannot be aromatized to
estradiol, there would be a favorable shift in the DHT/estradiol ratio, which was in
fact observed. Complete or partial disappearance of breast tissue was noted in 29
of 40 subjects, although no objective measurements were reported. In 1986, the
use of an intramuscular preparation of DHT given every 2�3 weeks in four boys
with pubertal gynecomastia was reported. After 16 weeks, the area measured at
the base of the breast decreased from a mean of 24.3 to 7.0 cm2, and this reduc-
tion persisted for 2 months posttherapy (17). Despite the promise of this form of
therapy, no follow-up studies have been published and neither preparation of DHT
has ever been marketed.
The use of the estrogen antagonist tamoxifen would seem to offer a safe and ef-
fective means of reducing breast tissue mass in patients with gynecomastia. There
are two reported studies of its use in adult men with benign or painful gynecomas-
tia at a dose of 10 mg twice daily (18,19). The majority of patients experienced
pain reduction and at least partial reduction in breast size. One study showed a
doubling of both luteinizing hormone (LH) and estradiol levels during therapy
(19), suggesting that the antagonism of estrogen effects may be partly overcome
by reduced negative feedback on the pituitary and increased stimulation of estro-
gen secretion. To date, no reports of tamoxifen use in pubertal gynecomastia have
been published.

C. Aromatase Inhibitors
The appearance in the 1980s of agents for use in advanced estrogen-dependent
cancer, which act specifically to inhibit aromatase, offered a new potential therapy
for gynecomastia. In 1986, Zachmann et al. described the use of testolactone
(150 mg three times a day for 2�6 months) in 22 boys with pubertal gynecomastia
(20). Median breast diameter decreased from 3.8 cm at baseline to 3.0 cm at 2
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months, 2.8 cm at 4 months (n = 14), and 1.5 cm at 6 months (n = 4). There was
little change in testosterone and estradiol but a marked increase in serum andros-
tenedione. There were no undesirable side effects, and the psychological effects
were said to be very favorable. Surprisingly, there have been no additional pub-
lished reports on the use of testolactone or other aromatase inhibitors for puber-
tal gynecomastia. Zachmann reported that he continued treating patients after the
manuscript was published with equally good results. However, his free source of
drug was discontinued, and since testolactone was expensive and not an estab-
lished treatment, the insurance companies in Switzerland did not want to pay for it
(M. Zachmann, personal communication, 1998).

A 1994 report described the favorable results of testolactone on gynecomas-
tia developing in an adult after unilateral orchiectomy for a Leydig cell tumor.
They documented an initial lowering of the elevated serum estradiol, which re-
turned to baseline after 3 months of treatment, but serum testosterone nearly
doubled, increasing the T/E2 ratio (21). In the family with aromatase excess dis-
cussed above, 3 years of testolactone resulted in estradiol levels becoming unde-
tectable and a slowing of bone maturation (10).

One reason for the lack of studies on aromatase inhibitors for gynecomastia
may be evidence from animal models of the effects on testicular function. In
dogs, two different inhibitors, formestane and letrozole, caused Leydig cell hy-
pertrophy and hyperplasia, presumably due to a decrease of estradiol-mediated
feed-back suppression of LH (22). Disturbed spermatogenesis was also observed.
In five adult male bonnet monkeys, long-term treatment with a new potent long-
acting aromatase inhibitor resulted in a large increase in serum testosterone from
10 to 80 days with a return to close to baseline after 120�180 days. There was
also an acute suppression of sperm counts and sperm motility, which was maxi-
mal between 55 and 85 days, with partial recovery in some of the monkeys there-
after (23). This suggests that estradiol may have a critical role in sperm develop-
ment. Thus, the potential benefits of aromatase inhibitors in boys with gyneco-
mastia will need to be balanced against the potential of alterations in testicular
function, which may or may not be completely reversible with discontinuation of
therapy.

V. SUMMARY AND PROPOSAL
Marked persistent pubertal gynecomastia is a relatively common disorder in teen-
age boys, the hormonal basis of which is still poorly understood. However, most
evidence points to the elevated production of estradiol or alteration in the test-
osterone to estrogen ratio during male puberty as being required for gynecomas-
tia to develop. A small number of uncontrolled studies have shown some clinical
benefit from hormonal therapies designed to increase the effective androgen/es-
trogen ratio. The most impressive of these is a 1986 study showing significant
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breast size reduction in a group of 22 boys treated with testolactone. No studies
have been done with the newer aromatase inhibitors such as letrozole, which are
more potent than testolactone and can be taken daily instead of three times a day.
Such a study should be placebo controlled and involve in the range of 20�30 ac-
tively treated patients to be recruited at a minimum of six pediatric endocrinol-
ogy sites. It should be designed to examine the following parameters.

1. Effect of the Drug on Breast Size. Although measurement of breast diam-
eter is not very precise, it is probably the easiest measure to obtain and has been
used in most previous studies. With proper technique, the glandular tissue can be
separated from adipose tissue. In addition, because breasts with similar diameter
at the base may differ in how much they protrude, hemicircumference should also
be measured, although it must be recognized that this can be affected by overlying
adipose tissue. The use of ultrasound objectively to measure breast volume is a
consideration, but no reports of either a standard method for this or normative
data could be found.

2. Time Course of This Effect. Based on the testolactone data, it is proposed
to monitor efficacy of the drug at either 2, 4, and 6 months or 3 and 6 months,
with a 6 month follow-up after discontinuation. Because of the possibility of ef-
fects on testicular function, longer treatment periods should be avoided until there
is more human male safety data.

3. Evaluation of Changes in Hormone Levels During Therapy. This should
include assessment of testosterone, estradiol, estrone, androstenedione, LH, and
follicle-stimulating hormone levels. It should be noted that although estradiol and
estrone levels may not show large or sustained decreases, the ratios of testoster-
one or androstenedione to estradiol or estrone should increase.

4. Safety and Tolerability of the Medication. Since drug-related adverse re-
actions have been uncommon in women with advanced breast cancer, intolerance
to the drug is not expected to be a major problem in healthy adolescent boys.

5. Drug Level. At steady state 2�3 months after initiation of therapy.
6. The Effect of the Medications on the Emotional State and Quality of Life

of Boys with Gynecomastia. There is currently no information in the literature on
the topic; so this study should be used as an opportunity to collect this type of data
by developing a questionnaire to address general mood, self-esteem, and sensitiv-
ity about the size of the breasts. Showing positive psychological benefits as well
as a decrease in breast size will help in the process of getting approval of the drug
for this indication.
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Matthew Smith: Do these boys have breast pain in addition to gynecomas-
tia, and if so, did you plan to measure that in your studies?

Paul Kaplowitz: Some of them do, and I think that that is a very good point.
I would say about half of them in my experience have breast pain, and
I think you are right that we should figure out at least, if not an accu-
rate way, then a subjective way to assess diminution of tenderness of
the breast tissue.

D. Tsiftsis: I wonder, as you mentioned, this is a self-limiting disease that
sometimes lasts less than 6 months, so you must control your study
very carefully. And the other thing is, I am a bit skeptical about expos-
ing young boys to an endocrine treatment in contrast to surgery, which
is considered minimal but does not last more that 10 minutes, and
gives a permanent, very good result. Would you like to comment on
that?
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Paul Kaplowitz: Regarding the first question, I think you are right�We
need a control group. Anecdotal experience has been that when the
gynecomastia becomes of a sufficient size to concern the boy that it
does not regress within 6 months, I think the time course is much
longer. On the other hand, I don�t keep seeing these patients back, so
I don�t accurately know how long it lasts. The question of surgery is
a good one. I think that surgery is a bit more than a 10-minute sur-
gery�I think it is a little more complicated. If there is a mechanism
for boys to get the surgery paid for, I think it would be a more viable
treatment, but I think a lot of families don�t want to go through that.
Looking for another alternative, I think that with as many antiestrogens
and aromatase inhibitors as we have available, it is time that some
company took the step of being the first one to study this.

S. Holmberg: I see in my clinic quite a few patients that have been taking
anabolic steroids as they go to gyms or in prison. Quite a few of them
tell me that they take tamoxifen at the same time to avoid developing
what they call �bitch tits.� Do you have any experience in this field?

Paul Kaplowitz: No, I am a little surprised, because most of the anabolic
steroids are nonaromatizable. You would think they would not cause
gynecomastia, whereas testosterone obviously could, as it is con-
verted to estrogen. So I don�t have any experience with boys want-
ing tamoxifen to try to counteract the effects of anabolic steroids.

G. Stathopoulos: What happens after some years in those young boys?
Do they get a recurrence? If so, do you have to repeat the initial
successful treatment, do you put them on long term treatment, and
then what happens in the future?

Paul Kaplowitz: I think you would have to follow these boys up for ideally
2 years, because the question is, if all we are doing is causing a
temporary shrinkage and then by 6 months it is back to where it was
before, then perhaps this is not the best treatment. But I agree with
you, the key is good documentation of effects and long-term follow-
up. I think that there is reason to hope that once you get the breasts
to shrink, that you may�assuming that the hormonal process
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has quieted down�keep that reduction for longer time periods. I know
that in a lot of young girls I have evaluated, who have what we call
premature thelarche (a little breast enlargement due to a transient in-
crease in estrogens). Even though the increased circulation in estrogen
from a transiently functioning ovarian cyst may only last a brief pe-
riod, once the breast tissue is there, it stays for a long time. So if we
can shrink it, perhaps we can maintain that reduction. But I think your
point is well taken.

William Miller: Can I add two further planks in your argument in the use of
aromatase inhibitors in gynecomastia. You mentioned data of treating
patients with dihydrotestosterone, and presented as if this was a sys-
temic effect�and it probably could be�but 5α-dihydrotestosterone
(5α-DHT) is probably the best aromatase inhibitor amongst the natu-
rally occurring steroids. And indeed if I remember correctly, John
McIndoe, at the first aromatase symposium way back in 1981, pre-
sented evidence that 5α-dihydrotestosterone would inhibit aromatase
activity in MCF-7 breast cancer cells, so you may wish to interpret it
that way. The second thing is perhaps I can also draw your attention to
some of our own data, where in fact we took gynecomastic breast
tissue and did some steroid incubations. And what we actually found
was that they apparently had no 5α-reductase activity. So the level of
5α-reduced steroids that came out of that breast tissue was in fact
negligible. Whereas if you take female breast tissue and do the same
incubation, you can find it. So maybe a reduction in the 5α-DHT is
associated with a local effect.

Paul Kaplowitz: I think that your point is very interesting, and I don�t know
why the 5α-DHT has not been pursued. So it is certainly another
avenue.

Adrian Weiss: Male breast cancer is quite rare. But I remember I have seen
several patients in clinics with male breast cancer, and they had gy-
necomastia, and I remember one of them where the diagnosis of male
breast cancer was made during the operation for gynecomastia. And
that is one question, the relationship between gynecomastia and male
breast cancer. The second question�I think that the study you are
proposing may be better indicated for bilateral gynecomastia, since
surgery may be more complicated in that case.
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Paul Kaplowitz: I don�t have any information on gynecomastia and male
breast cancer. Male breast cancer is very rare and obviously is seen
only by physicians in adults. But I am not aware of any studies in the
literature showing whether there is or is not a relationship between that
and patients with gynecomastia. Interestingly, when patients come to
you with breast development, that is one of the things they may be
worried about. First of all the boys worry whether they are turning into
girls, and then some are worried whether the breasts are malignant.
Concerning the second question you had, in the very early cases of
gynecomastia, you may see some asymmetry, but when they get to
the point as we saw in the slide that I showed, it is almost always
bilateral. So those would be the cases that we would be interested in
treating.
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I. ABSTRACT
Estrogens and other nonandrogenic growth factors may contribute to the devel-
opment and progression of prostate cancer. Preclinical studies support an impor-
tant role of estrogens in prostate cancer growth. Phase II studies of men with
androgen-independent prostate cancer, however, suggest that antiestrogens have
minimal activity. In contrast, a Phase I/II study of the first-generation aromatase
inhibitor rogletimide reported promising early results. Future studies of newer
and more potent aromatase inhibitors are warranted.

II. ROLE OF ESTROGEN AND ESTROGEN RECEPTORS
IN PROSTATE CANCER

Androgen deprivation by either orchiectomy or chronic administration of gona-
dotropin-releasing hormone (GnRH) agonists is the mainstay of treatment for
advanced prostate cancer (1). Androgen deprivation results in responses in the
majority of patients, but the median duration of response is only about 2 years.
Adrenal androgens and other nonandrogenic hormones, including estrogens, may
contribute to the growth of prostate cancer following androgen deprivation (2,3).
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Estrogen receptors (ER) are expressed in normal prostate epithelium (4,5) and
most primary prostate cancers (6). Androgen deprivation, the mainstay of treat-
ment for metastatic prostate cancer, appears to increase prostate ER density (7).
Estrogen receptor β is the predominant ER expressed in the prostate (8).

III. ANTIESTROGENS
Antiestrogens have activity in preclinical models of prostate cancer. Antiestrogens
inhibit the growth of human prostate cancer cell lines in vitro (9) and also have
activity in a variety of rodent prostate cancer models (9�13).

Previous studies of the antiestrogen tamoxifen reported minimal activity in
men with metastatic prostate cancer (14�20). The results of these clinical trials
are summarized in Table 1. Patient characteristics, prior hormonal therapy,
tamoxifen dose, and criteria for response varied among the studies. Response
rates between 0 and 23% were reported.

The tamoxifen studies may have underestimated the activity of antiestrogens
for two reasons. First, these studies were conducted prior to the routine use of
prostate-specific antigen (PSA), and responses were defined by insensitive clini-
cal and radiographic criteria. Second, the potential antineoplastic activity of
tamoxifen may have been masked by treatment-related increases in serum test-
osterone levels. None of the men in the tamoxifen studies was treated with GnRH
agonists, and only about half were treated with orchiectomy prior to study entry.
Treatment of noncastrate men with antiestrogens increases serum testosterone
levels by increasing the release of GnRH (21). In a study of men with advanced
prostate cancer reported by Torti and collaborators, treatment with tamoxifen in-
creased serum testosterone levels in most men (19). In the other tamoxifen stud-
ies, the effects of treatment on testosterone levels were not reported.

TABLE 1 Phase II Studies of Tamoxifen for Metastatic Prostate Cancer

Prior
orchiectomy Tamoxifen Response

Study Reference n (%) dose (mg/d) rate (%)

Philadelphia 14 31 55 20 23
Antwerp 15 10 50 20�40 0
Bronx 16 10 Not reported 20 10
Multicentered 17 51 37 20 7
Multicentered 18 41 82 40 5
Palo Alto 19 17 12 20�100 0
ECOG 20 19 53 10�30 0
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Toremifene is a triphenylethylene-derivative antiestrogen, related chemically
and pharmacologically to tamoxifen. Like tamoxifen, toremifene binds with high
affinity to cytoplasmic ER (22) and has both antiestrogenic and partial estrogenic
activity (23�27). In a Phase II study of 12 men with androgen-independent pros-
tate cancer, there were no responses using sensitive PSA response criteria [re-
sponse rate = 0%; 95% confidence interval (CI) = 0�22%] (28). Median time to
treatment failure was 16 weeks (range 8�19 weeks). Treatment did not signifi-
cantly change serum testosterone levels.

The limited activity of antiestrogens for advanced androgen-independent pros-
tate cancer may be explained by decreased ER expression. In a recent study, 57 of
73 (78%) primary prostatectomy specimens expressed functional ER (6). In con-
trast, none of the 22 (0%) metastatic prostate cancers expressed ER, suggesting
that transition to the metastatic phenotype is accompanied by loss of ER expres-
sion (29). The effect of antiestrogens in androgen-dependent prostate cancer has
not been prospectively evaluated.

The results of these studies do not exclude the possibility that high-dose
antiestrogens have activity in androgen-independent prostate cancer. Tamoxifen
and other antiestrogens inhibit the growth of prostate cancer cells in vitro by
mechanisms independent of ER. In micromolar concentrations, tamoxifen inhib-
its protein kinase C, induces Rb dephosphorylation, and increases p21 expression
in vitro (30,31). These alternative mechanisms of growth inhibition may contrib-
ute to the clinical activity of high-dose antiestrogens. In a Phase II trial, 13 men
with androgen-independent prostate cancer were treated with high-dose tamoxifen
(160�200 mg/m2/day), resulting in a >50% PSA decrease in one of the men (8%)
and stable disease reported in four (31%) men (32). Treatment resulted in grade 3
cardiovascular toxicity (QTc prolongation) in three of 13 (23%) men. Two of the
six (33%) men treated with tamoxifen 200 mg/m2/day experienced grade 3 cer-
ebellar toxicity.

IV. STEROID SYNTHESIS INHIBITORS
Inhibitors of steroid synthesis have been evaluated as secondary hormonal treat-
ment for androgen-independent prostate cancer. Aminoglutethimide inhibits sev-
eral steroidogenic enzymes, including the aromatase enzyme system responsible
for the conversion of androgens to estrogens. Ketoconazole inhibits C17,20-lyase
and other steroidogenic enzymes. Toxicity and marginal efficacy limit the use of
these agents for prostate cancer (1).

V. AROMATASE INHIBITION
Selective inhibitors of the aromatase enzyme system may have activity in andro-
gen-independent prostate cancer. In a Phase I/II study, 23 men with androgen-
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independent prostate cancer were treated with the aromatase inhibitor rogletimide
(33). Among 13 men treated at the highest dose level (800 mg orally daily), there
were two subjective responses and two PSA responses (>80% PSA decrease).
The effects of rogletimide on sex hormone levels were not reported. The activity
of newer and more potent aromatase inhibitors has not yet been evaluated in men
with androgen-independent prostate cancer.

Letrozole is a nonsteroidal competitive inhibitor of the aromatase enzyme
system. Letrozole is indicated for the treatment of advanced breast cancer in post-
menopausal women with disease progression following antiestrogen treatment.
Letrozole is approximately 10,000-fold more potent than aminoglutethimide in
vivo. In women, treatment with letrozole significantly lowers serum estrogens
without significant effects on serum levels of androgens, adrenal steroids, aldos-
terone, or thyroid hormones. Letrozole treatment in women appears to increase
serum insulin-like growth factor (IGF)-I levels without significant effects on IGF-
binding protein-3 (IGFBP-3) levels (34).

We recently initiated a Phase II study of letrozole for men with androgen-
independent prostate cancer. Men with histologically confirmed prostate cancer
and a rising PSA after androgen deprivation and antiandrogen withdrawal will be
treated with letrozole (2.5 mg orally daily) until disease progression or toxicity.
The primary study endpoint will be PSA response. Study accrual will be com-
pleted in the first quarter of the year 2000 and preliminary results will be avail-
able in the third quarter of the same year.

VI. CONCLUSIONS
Preclinical studies suggest that estrogens play an important role in prostate can-
cer development and progression. Clinical trials of men with androgen-indepen-
dent prostate cancer, however, suggest that antiestrogens have minimal activity.
Aromatase inhibition represents an attractive alternative approach for the treat-
ment of men with androgen-independent disease. A Phase I/II study of the first-
generation aromatase inhibitor rogletimide demonstrated promising activity. A
Phase II study of the third-generation aromatase inhibitor letrozole was recently
initiated at our institution. Additional studies of aromatase inhibition for prostate
cancer are warranted.
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Aromatase and Prostate Cancer
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List of Participants

Ajay Bhatnagar Basel, Switzerland
Matthew Smith Boston, Massachusetts
G. Stathopoulos Athens, Greece
Carsten Rose Odense, Denmark

Ajay Bhatnagar: Dr. Smith, you said that for the letrozole studies the pa-
tient recruitment takes place when the prostate-specific antigen (PSA)
levels rise after androgen deprivation. Is this androgen deprivation a
form of castration or is it medical androgen deprivation?

Matthew Smith: Either form of androgen deprivation is acceptable. For cos-
metic and psychological reasons, most men elect to undergo chronic
treatment with a gonadotropin-releasing hormone (GnRH) agonist.
Androgen deprivation will continue during letrozole treatment.

Carsten Rose: May I ask you, have you any knowledge about the use of
aminoglutethimide in prostate cancer treatment?

Matthew Smith: Aminoglutethimide has significant side effects, so our local
preferences may be to use ketoconazole. Ketoconazole is the most
active form of secondary hormonal therapy we have for prostate can-
cer. Like aminoglutethimide, its use is limited by side effects. About
one-third of men are unable to continue therapy because of abdominal
pain, diarrhea, or fatigue. The response rates are about one in three.
Some of these responses are durable. It is unclear whether that is due
to aromatase inhibition or by its other mechanisms of action.
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G. Stathopoulos:  Do you see in the future any combination of letrozole
with antiandrogens?

Matthew Smith: In our clinical trials of antiandrogen monotherapy, we treat
these men with prophylactic breast radiation to prevent the predictable
and often severe gynecomastia that accompanies treatment. Another
approach would be to evaluate other pharmacological interventions to
prevent the gynecomastia, and certainly letrozole represents a sensible
approach. Tamoxifen improves the gynecomastia associated with
antiandrogen monotherapy. Antiandrogen monotherapy increases es-
trogen levels, and some of the potential benefits of antiandrogen
monotherapy may be related to higher circulating estrogen levels.
Letrozole may eliminate this potential advantage.

Ajay Bhatnagar: This model of yours, Dr. Smith, actually raises some very
fascinating questions that are very basic to endocrinology, because I
do not think in all the literature I followed over all of these years one
has really ever well explained negative feedback. And I think that in
these patients of yours you use a GnRH clamp. So one would imagine
that the entire system from the hypothalamus downward is clamped
out. And yet we are going to have a situation here where the reduction
of estrogen is going to have negative feedback influence on the pitu-
itary. And it will be fascinating to know whether this feedback influ-
ence is within the clamp or is something which escapes the clamp, and
it will be interesting to know whether you plan to measure any estro-
gen or any androgen levels during your study.

Matthew Smith: Administration of antiestrogens to intact men results in
increased testosterone levels. In our toremifene study, total testoster-
one levels and SHBG (sex hormone�binding globulin) increased, but
free testosterone levels remained unchanged. We will be measuring
gonadal steroid levels in the letrozole study.

Ajay Bhatnagar: Because when you give letrozole to normal males, test-
osterone levels rise by about four- to fivefold.

Matthew Smith: Androgen deprivation for prostate cancer is the most com-
mon cause of hypogonadism in men worldwide. Hypogonadal men
with prostate cancer are an important population for fundamental en-
docrinology investigation.
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I. ABSTRACT
Aromatase activity is not detectable in normal endometrium. In contrast, aromatase
is expressed aberrantly in endometriosis and is stimulated by prostaglandin E2
(PGE2). This results in local production of estrogen, which induces
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PGE2 formation and establishes a positive-feedback cycle. Another abnormality
in endometriosis�deficient 17β-hydroxysteroid dehydrogenase (17βHSD) type 2
expression�impairs the inactivation of estradiol to estrone. These molecular aber-
rations collectively favor the accumulation of increasing quantities of estradiol and
PGE2 in endometriosis. The clinical relevance of these findings was demonstrated
by the successful treatment of an unusually aggressive case of postmenopausal
endometriosis using an aromatase inhibitor.

II. INTRODUCTION
Endometriosis is linked to pelvic pain and infertility, and it is defined as the pres-
ence of endometrial glands and stroma within the pelvic peritoneum and other
extrauterine sites. It is estimated that 2�10% of women are affected in the repro-
ductive age group (1,2). Endometriosis is viewed to be a polygenically inherited
disease of complex multifactorial etiology (3). Sampson�s theory of transplanta-
tion of endometrial tissue on the pelvic peritoneum via retrograde menstruation
is the most widely accepted explanation for the development of pelvic endometrio-
sis because of convincing circumstantial and experimental evidence (4). Since
retrograde menstruation is observed in almost all cycling women, endometriosis
is postulated to develop as a result of the coexistence of a defect in clearance of
the menstrual efflux from pelvic peritoneal surfaces, possibly involving the im-
mune system (5). Alternatively, intrinsic molecular aberrations in pelvic
endometriotic implants were proposed to contribute significantly to the develop-
ment of the endometriosis. Some of the molecular abnormalities include the ab-
errant expression of aromatase, deficiency of 17β-hydroxysteroid dehydrogenase
(17β-HSD) type 2, and resistance to the protective action of progesterone and
certain cytokines by tissues (6�12). Since endometriosis is an estrogen-dependent
disorder, aromatase expression and 17β-HSD type 2 deficiency are of paramount
importance in the pathophysiology of endometriosis. In this chapter, aberrant mecha-
nisms of estrogen biosynthesis and metabolism in women with endometriosis are
reviewed, with emphasis on identifying targets for new treatment strategies.

III. DISCUSSION

A. Estrogen Biosynthesis and Metabolism in Humans
The conversion of androstenedione and testosterone to estrone and estradiol is
catalyzed by aromatase, which is expressed in a number of human tissues such as
ovarian granulosa cells, placental syncytiotrophoblast, adipose tissue and skin fi-
broblasts, and the brain. In reproductively active women, the ovaries are the most
important sites of estrogen biosynthesis, which takes place in a cyclic fashion.
The binding of follicle-stimulating hormone (FSH) to its G-protein�coupled
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receptor in granulosa cell membranes stimulates a rise in intracellular cAMP lev-
els. This is turn enhances the binding of two critical transcription factors�ste-
roidogenic factor-1 (SF-1) and cAMP response element-binding protein
(CREB)�to the classically located proximal promoter II of the aromatase gene
(13,14). This action activates aromatase expression and consequently estrogen
secretion from the preovulatory follicle (14,15).

In postmenopausal women, the most important sites of estrogen formation
are in extraglandular tissues such as adipose tissue and skin fibroblasts (16�
18) (Fig. 1). In contrast to ovarian aromatase regulation by cAMP, this is con-
trolled primarily by cytokines (interleukin-6 [IL-6], IL-11, tumor necrosis factor-
α [TNF-α]) and glucocorticoids via the I.4 promoter (15). The major substrate
for aromatase in adipose tissue and skin is androstenedione of adrenal origin.
In postmenopausal women, approximately 2% of circulating androstenedione
is converted to estrone, which is further converted to estradiol in these peripheral

FIGURE 1 Extraovarian estrogen synthesis in women. Estradiol in women is either
directly secreted by the ovary or produced in extraglandular sites (adipose tissue
and skin). The principal substrate for extraglandular aromatase activity in ovula-
tory women is ovarian and adrenal androstenedione. In women receiving GnRH
agonists or postmenopausal women, however, adrenal androstenedione becomes
primary substrate. Androstenedione is converted by aromatase to estrone in adi-
pose tissue and skin fibroblasts. Estrone is further converted to estradiol by 17β-
HSD type 1 activity in these peripheral tissues. Thus, peripheral aromatization is
the major source for circulating estradiol in the postmenopausal period or during
ovarian suppression.
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tissues. This may give rise to significant serum levels of estradiol capable of caus-
ing endometrial hyperplasia or even carcinoma (17,18).

B. Aromatase Expression in Müllerian-Derived Tissues
Müllerian tissues are known targets of estrogen action. Until recently, estrogen
action had been viewed as occurring via an �endocrine� mechanism only. It was
believed that only circulating estradiol, whether secreted by the ovary or the adi-
pose tissue, could exert an estrogenic effect after delivery to target tissues via the
bloodstream. However, studies on aromatase expression in breast cancer demon-
strated that paracrine mechanisms play an important role in estrogen action in
these tissues (19). Estrogen produced by aromatase activity in breast adipose
tissue fibroblasts has been demonstrated to promote the growth of adjacent malig-
nant breast epithelial cells (20). Finally, we have demonstrated an �intracrine� ef-
fect of estrogen in uterine leiomyomas and endometriosis. Estrogen produced by
aromatase activity in the cytoplasm of leiomyoma smooth muscle cells or
endometriotic stromal cells can exert its effects by readily binding to its nuclear
receptor within the same cell (6,21,22). Disease-free endometrium and myometrium,
on the other hand, lack aromatase expression (21,22).

C. Significance of Aromatase Expression in Endometriosis
Among estrogen-responsive pelvic disorders, aromatase expression has been
studied in greatest detail in endometriosis (6,7,22,23). Extremely high levels of
aromatase mRNA were found in extraovarian endometriotic implants and en-
dometriomas. In addition, cultured endometriosis-derived stromal cells incu-
bated with a cAMP analogue displayed extraordinarily high levels of aromatase
activity; comparable to that in placental syncytiotrophoblast (22). These excit-
ing findings led us to test a battery of growth factors, cytokines, and other
substances that might induce aromatase activity via a cAMP-dependent path-
way in endometriosis.

PGE2 was found to be the most potent inducer of aromatase activity in
endometriotic stromal cells known (22). This PGE2 effect was found to be medi-
ated via the cAMP-inducing EP2 receptor subtype (our unpublished observa-
tions). Moreover, estrogen was reported to increase PGE2 formation by stimulat-
ing cyclooxygenase type 2 (COX-2) enzyme in endometrial stromal cells in cul-
ture (24). Thus, a positive-feedback loop for continuous local production of
estrogen and PG is established, favoring the proliferative and inflammatory char-
acteristics of endometriosis (Fig. 2). Additionally, aromatase mRNA was also
detected in the eutopic endometrial samples of women with moderate to severe
endometriosis (but not in those of disease-free women) albeit in much smaller quanti-
ties compared with endometriotic implants (6). This may be suggestive of a genetic defect



FIGURE 2 Origin of estrogen in endometriotic lesions. Estradiol in an endometriotic
lesion arises from several sites. In an ovulatory woman, estradiol is secreted di-
rectly from the ovary in a cyclic fashion. In the early follicular phase and after
menopause, peripheral tissues (adipose and skin) are the most important sources
to account for the circulating estradiol. Estradiol is also produced locally in the
endometriotic implant itself in both ovulatory and postmenopausal women. The
most important precursor, androstenedione of adrenal origin, becomes converted
to estrone that in turn is reduced to estradiol in the peripheral tissues and
endometriotic implants. We demonstrated significant levels of 17β-HSD type 1 ex-
pression in endometriosis, which catalyzes the conversion of estrone to estradiol
(12). Estradiol both directly and indirectly (through cytokines) induces COX-2, which
gives rise to elevated concentrations of PGE2, in endometriosis (24) in turn, is the
most potent stimulator of aromatase known in endometriotic stromal cells (22). This
establishes a positive feedback loop in favor of continuous estrogen formation in
endometriosis.

in women with endometriosis, which is manifested by this subtle finding in the
eutopic endometrium. We propose that when defective endometrium with low
levels of aberrant aromatase expression reaches the pelvic peritoneum by retro-
grade menstruation, it causes an inflammatory reaction that exponentially increases
local aromatase activity, that is, estrogen formation, induced directly or indirectly
by PG and cytokines (22).

It would be naive to propose that aberrant aromatase expression is the only
important molecular mechanism in the development and growth of pelvic endo-
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metriosis. There may be many other molecular mechanisms that favor the devel-
opment of endometriosis, such as abnormal expression of proteinase type en-
zymes that remodel tissues or their inhibitors (matrix metalloproteinases, tissue
inhibitor of metalloproteinase-1), certain cytokines (IL-6, RANTES) and growth
factors (epidermal growth factor, EGF) (8�11). Alternatively, a defective immune
system failing to clear peritoneal surfaces of the retrograde menstrual efflux could
be the cause of the endometriosis (5,25). The development of endometriosis in
an individual woman probably requires the coexistence of a threshold number of
these aberrations.

Nonetheless, aberrant aromatase expression is clinically relevant, since
aromatase inhibitors suppress postmenopausal endometriosis (26).

D. Regulation of Aromatase Expression in Endometriotic
Stromal Cells

As emphasized earlier, PGE2 was found to be the most potent inducer of aromatase
activity known through increasing cAMP levels in endometriotic stromal cells
(22). On the other hand, neither cAMP analogues nor PGE2 was capable of stimu-
lating any detectable aromatase activity in cultured eutopic endometrial stromal
cells. Attention focused on the potential molecular differences that give rise to
aromatase expression in endometriosis and its inhibition in eutopic endometrium.

To address this, we first identified that cAMP-inducible promoter II stimu-
lated in vivo aromatase expression in endometriotic tissue (7). Stimulating SF-1
and inhibiting chicken ovalbumin upstream promoter transcription factor (COUP-
TF) were then found to compete for the same binding site in aromatase promoter
II. Although COUP-TF was ubiquitously expressed in both eutopic endometrium
and endometriosis, SF-1 was specifically expressed in endometriosis and not the
eutopic endometrium, binding to the aromatase promoter more avidly than COUP-
TF (7). Thus, although SF-1 and other transcription factors (e.g., CREB) activate
transcription in endometriosis, whereas COUP-TF, although occupying the same
DNA site in eutopic endometrium, inhibits this process (7) (Fig. 3). In summary,
one of the molecular alterations leading to local aromatase expression in en-
dometriosis but not in normal endometrium is the aberrant production of SF-1 in
endometriotic stromal cells, which overcomes the protective inhibition main-
tained normally by COUP-TF in the eutopic endometrium.

E. Interconversions of Estrone and Estradiol
in Endometriosis

Aromatase�s primary substrate in endometriosis in premenopausal women is ad-
renal or ovarian androstenedione, whereas in postmenopausal women, it is adre-
nal androstenedione alone. The major product of aromatase activity in endometri-



FIGURE 3 Proposed mechanism of regulation of aromatase (P450arom) expres-
sion by SF-1 and COUP-TF in eutopic endometrium and endometriosis. (a) Bind-
ing of COUP-TF (dimer) to a specific DNA site (nuclear receptor half-site) up-
stream of aromatase promoter II in eutopic endometrial stromal cells. In the eutopic
endometrium, COUP-TF binds to nuclear receptor half-site practically in the ab-
sence of any competition by SF-1, since SF-1 expression is not detected in the
majority of eutopic endometrial samples. Thus, COUP-TF exerts its inhibitory
effect on the complex of general transcription factors (GTFs) that bind to TATA
box. (b) In the endometriotic stromal cell, where SF-1 is also present, SF-1 binds
as a monomer to the nuclear receptor half-site with a higher affinity compared
with that of COUP-TF, which binds to this site relatively loosely as a dimer. Upon
replacing COUP-TF, SF-1 synergizes with cAMP response element binding pro-
tein (CREB, bound to upstream CRE) and other factors to activate transcription
of the aromatase gene in response to cAMP (7).
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osis is estrone, which is only weakly estrogenic and must be converted to the
potent estrogen estradiol to exert a full estrogenic effect. We demonstrated that
the enzyme 17β-HSD type 1, which catalyzes the conversion of estrone to estradiol,
is expressed in endometriosis (12,27). In contrast, the enzyme 17β-HSD type 2 (en-
coded by a separate gene) inactivates estradiol by catalyzing its conversion to
estrone in eutopic endometrial glandular cells during the luteal phase (27). Proges-
terone induces the activity of 17β-HSD type 2 in cultured endometrial glandular
cells, making the inactivation of estradiol one of the antiestrogenic properties of
progesterone (28). The expression of 17β-HSD type 2 is absent from endometriotic
glandular cells, as demonstrated in paired samples of eutopic endometrium and
pelvic endometriosis obtained simultaneously during the luteal phase (12). Conse-
quently, the protective mechanism that lowers estradiol levels is lost in endometriotic
tissue (12). The aberrant expression of aromatase, the presence of 17β-HSD type 1,
and the absence of 17β-HSD type 2 from endometriosis collectively give rise to
elevated local levels of estradiol compared with eutopic endometrium. Additionally,
17β-HSD type 2 deficiency may also be viewed as a defective action of progester-
one, which fails to induce this enzyme in endometriotic tissue (Fig. 4).

F. Rationale for Using Aromatase Inhibitors
to Treat Endometriosis

Endometriosis is successfully suppressed by estrogen deprivation through the
use of gonadotropin-release hormone analogues or the induction of surgical meno-
pause. However, although the control of pelvic pain with gonadotropin-releasing
hormone (GnRH) agonists is usually successful during and immediately after the
treatment, pain associated with endometriosis returns in up to 75% of these women
(29,30). There may be multiple reasons for the failure of GnRH agonist treatment
of endometriosis. One likely explanation is the presence of significant estradiol
production that continues in the adipose tissue, skin, and endometriotic implant
per se during the GnRH agonist treatment (Fig. 5). Therefore, blockage of
aromatase activity in these extraovarian sites with an aromatase inhibitor may keep
larger number of patients in remission for longer periods of time. The most strik-
ing evidence for the significance of extraovarian estrogen production is the re-
currence of endometriosis after successfully completed hysterectomy and bilat-
eral salpingo-oophorectomy in a number of women (26,31). Endometriotic tis-
sue in one such aggressive case was found to express much higher levels of
aromatase mRNA compared with premenopausal endometriosis (26).

We recently reported the treatment of a 57-year-old overweight woman who
had recurrence of severe endometriosis after hysterectomy and bilateral salpingo-
oophorectomy. Two additional laparotomies were performed owing to persistent
severe pelvic pain and bilateral ureteral obstruction leading to left renal



FIGURE 4 Defective inactivation of estradiol in endometriosis. Estradiol (E2)
reaches the endometriotic lesions via the blood stream (and possibly peritoneal
fluid). Additionally, aromatase (P450arom) in the stromal cell catalyzes the con-
version of androstenedione (A) to estrone (E2), which is further reduced to E2 by
17β-HSD type 1 in the endometriotic tissue. (At this time, the cell type that ex-
presses 17β-HSD type 1 in endometriotic lesions is not known.) E2 is normally
inactivated by conversion to E1 by 17β-HSD type 2 in epithelial cells of the eutopic
endometrium during the secretory phase. In endometriotic tissue, however, E2 is not
metabolized owing to the lack of 17β-HSD type 2 giving rise to increased local
concentration of this potent estrogen. Elevated E2, in turn, will promote the growth
of endometriotic tissue and, also, local PGE2 formation in stromal cells (24). Since
PGE2 is the most potent known inducer of aromatase in endometriosis, this will
complete the positive feedback cycle that favors increased levels of E2 in endometrio-
sis through enhanced biosynthesis and deficient metabolism.

atrophy and right hydronephrosis. Treatment with megestrol acetate was ineffec-
tive and a large (3 cm) vaginal endometriotic lesion containing unusually high
levels of aromatase mRNA was found. The patient was given anastrozole (an
aromatase inhibitor) for 9 months, and dramatic pain and regression of the vaginal
endometriotic lesion were observed within the first month of treatment. At the
same time, circulating estradiol levels were reduced to 50% of the baseline value.
The markedly high pretreatment levels of aromatase mRNA in the endometriotic
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FIGURE 5 Site of action of GnRH agonists and aromatase inhibitors to treat en-
dometriosis. This figure depicts the origin of estrogen in women with en-
dometriosis: (1) delivery from the ovary and adipose tissue/skin via circulation
and (2) local biosynthesis in endometriosis. GnRH agonists will eliminate estra-
diol secreted by the ovary by downregulating the pituitary hypothalamic unit. In
cases resistant to treatment with GnRH agonists or in postmenopausal endometrio-
sis, the use of aromatase inhibitors to block estrogen formation in the skin and
adipose tissue as well as in endometriotic stromal cells may be critical in con-
trolling the growth of endometriotic tissue. Recurrent endometriosis, especially
after surgical removal of the ovaries, may represent lesions that are sensitive to
extremely low levels of estradiol, and thus suppression of estradiol production in
the periphery (adipose tissue/skin) and in endometriotic tissue may be mandatory
for successful treatment of endometriosis.

tissue became undetectable in a repeat biopsy 6 months later, and the lesion nearly
disappeared after 9 months of therapy. Despite the addition of calcium and
alendronate (a nonsteroidal inhibitor of bone resorption), bone density in the lum-
bar spine decreased by 6.2%. The occurrence of significant bone loss in this par-
ticular case should be studied further.

Two potential mechanisms may account for the strikingly successful result.
First, there was evidence of the suppression of peripheral aromatase activity (i.e.,
skin and adipose tissue), giving rise to a significant decrease in serum estradiol
level. Second, unusually high levels of aromatase expression in the endometriotic
lesion disappeared after treatment with the aromatase inhibitor anastrozole. The
disappearance of aromatase mRNA expression in the lesion may be due to the
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decrease in local estrogen-stimulated PGE2 biosynthesis. This reduction in PGE2,
in turn, will have a negative effect on aromatase expression (see Fig. 2).
In summary, the recently developed potent aromatase inhibitors are candidate drugs
in the treatment of endometriosis that is resistant to standard regimens. In fact,
the use of aromatase inhibitors may be the only available treatment for aggressive
postmenopausal endometriosis. It remains to be seen whether aromatase inhibi-
tors alone or together with present lines of therapy in premenopausal women will
increase the pain-free interval and time to recurrence after discontinuation (see
Fig. 5). Studies are under way to address these questions.

IV. CONCLUSIONS
The development and growth of endometriotic lesions are estrogen dependent.
The mechanisms and effectiveness of hormonal treatments for endometriosis
should be reevaluated in view of the latest advances in the understanding of estro-
gen production in women with endometriosis. In addition to ovarian secretion,
estradiol is also produced in peripheral sites such as skin, adipose tissue, and
endometriotic lesions per se. We suggest that the intracrine and paracrine effects
of estradiol produced in the target tissue amplify the estrogenic action of steroid
hormones delivered via the circulation. Additionally, this local effect may further
enhance defective inactivation of estradiol in endometriosis compared to eutopic
endometrium. Aberrant aromatase activity and defective estradiol metabolism in
endometriosis are consequences of specific molecular aberrations, such as inap-
propriate expression of a stimulatory transcription factor or progesterone resis-
tance in this tissue. The clinical relevance of these findings was recently exempli-
fied by the successful treatment of a severe case of recurrent postmenopausal
endometriosis with an aromatase inhibitor. Future treatment strategies may be
designed to target the signal transduction for aromatase expression in endometrio-
sis or to enhance progesterone action in this tissue and to eliminate bone loss that
was an undesirable affect of aromatase inhibition in our otherwise successfully
treated case of severe endometriosis.
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Matthew Smith: That was a very nice presentation. On your second to last
slide you showed the results of aromatase expression in the women
who had the dramatic response. Is it not equally possible that you
basically killed off the cells that expressed aromatase at high level leav-
ing a population of cells that just has low aromatase expression?

Serdar Bulun: Sure, that is a possibility, but we checked it histologically and
the cells did not look necrotic�they were viable, at least histologically.
And also we could have looked at the expression of some other gene,
but we didn�t, as we were satisfied by the histologic examination, but
that is a good point. In fact, I think we still have some of that RNA so
we could check the expression of some of the other genes.
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Ajay Bhatnagar: With respect to the lady that you treated with anastrozole,
she had bilateral salpingo-oophorectomy as well so she did not have
any ovarian function. Endometriosis is a disease that is more prevalent
in the premenopausal women and aromatase inhibitors in the premeno-
pausal women would lead to all sort of disruption in the negative feed-
back loop. What would be your thoughts about how one would go
about then using aromatase inhibitors�you don�t want to use a gona-
dotropin-releasing hormone (GnRH) clamp, so how would you go about
using these aromatase inhibitors without inducing cysts in the ovary?

Serdar Bulun: That is a good question. In fact I would use high doses of
progestins to shut down the hypothalamus and pituitary. So once the
ovaries are quiescent, you wouldn�t get into the problems that you
would with an intact hypothalamo-pituitary-ovarian axis.

Ajay Bhatnagar: But you could do the same thing with GnRH analogue?

Serdar Bulun: Yes, you can, but that would be very expensive.

Ajay Bhatnagar: So it�s a question of cost rather than efficacy?

Serdar Bulun: Possibly. They both give rise to similar results and, in fact,
progestins have the advantage of preventing bone loss to a degree. I
should bring that point up when I finish answering your question. So
that would be a good way of suppressing the hypothalamus, I would
think. A lot of investigators ask me the question about the bone loss
this patient had despite the bisphosphonate treatment. I continued to
treat this patient, as she did not want to stop medication, but after 9
months I halved the anastrozole dose and gave it to her every other
day, and she still did well. We also continued with alendronate and, in
fact, she gained back the 6% bone loss. Thus, the bone loss was
reversible, and these patients could be started on lower doses of
aromatase inhibitors and could still do well. We are right at the begin-
ning of these treatments and we should fine-tune it as we go along.

D. Irlé: I have a question regarding low-grade leiomyosarcomas. The data
you showed were quite intriguing, and it�s a problem in the clinic,
because these patients often recur locally and there are some old data
about tamoxifen use in sarcomas. I would like your opinion
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on that particular problem which might or not be a good target as
well. Are there any data?

Serdar Bulun: That is a very good point. The slide I showed belonged to a
leiomyoma which was a benign disease. Sarcomas are very rare,
and the dogma is that they not estrogen dependent. In my private
practice, for example, if I see a patient with a myoma, most of the
time I do not check the histology because sarcomas are so rare. I
mean we are talking about two cases in 100,000 cases or such. So I
wasn�t referring to sarcomas, I was referring to myomas.

D. Irlé: I asked the question because in the literature there are old data on
the use of tamoxifen and there was a regression in the number of
these disease even among fibrosarcomas. So I was wondering whether
there was some more information about that.

Serdar Bulun: It could be that the stromal tumors of the endometrium
may be more responsive to estrogen. I am not aware of leiomyosar-
comas, but I am not an oncologist.

William Miller: I wonder if I could ask you two questions. One is a gen-
eral question at the end that the rest of the audience might like to
participate with. The first question I was going to ask was you brought
up the control of aromatase in endometrium and quite clearly showed
that this control worked off certain promoters, the cyclic-AMP sys-
tem and prostaglandins. That brings up the possibility that, given that
there seems to be some tissue specificity about induction of
aromatase, that one could preferentially switch off aromatase be-
cause of these different promoters in these different systems. Do
you have views about maybe switching off aromatase activity in
malignant cells but still leaving it on in bone so it�s protected? The
second question I was then going to ask, since you have introduced
the subject of myomas, and we are therefore straying a bit from your
topic, but I think it is important, because the title of this session was
�New Indications,� what your thoughts are in terms of other poten-
tial systems that might be a good target for aromatase inhibitors, and
maybe the audience might like to put a few views forward as well.

Serdar Bulun: Sure, that is an excellent point, Bill. I believe that is
going to be done. It�s just a matter of developing the right tech-
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niques. Gene transfer has not been resolved yet, but we should see
those developments probably within the next few decades. Regard-
ing other indications for the use of aromatase inhibitors, possibly they
could be used in other cancers that may be estrogen dependent, for
example, there are a lot of central nervous system tumors, of which
there are attempts to treat some of them, like meningiomas, with
RU-486. Aromatase may be expressed in some of these estrogen-
dependent tumors. This may lead to the development of new indica-
tions, and I am sure other people in other fields would have original
ideas.

Harold Harvey: Some years ago, through serendipity, we showed that
melanoma in fact contains very high levels of aromatase, so we pro-
ceeded to treat a small population of patients with aminoglutethimide.
We saw no response, but in fact the levels in some of the melanoma
tissue with the normal skin as control were extraordinarily high. I
think that perhaps with more potent compounds, we should reexam-
ine that tumor.

Ajay Bhatnagar: If I could also comment. I think that we have seen over
the last 2 days really good information about very well-tolerated, po-
tent, and effective aromatase inhibitors. We don�t just have one now,
we have several, and I think that these compounds by their mecha-
nism of action�which is estrogen deprivation�would be potentially
of use in any sort of pathology or physiology which is estrogen de-
pendent. We chose these three for the session this afternoon be-
cause people had already had thoughts about these areas and some
data were available. There is, of course, also the area of bone and
short stature on which there are some publications. There is the area
of fertility control. The one slide which Dr. Kaplowitz showed of the
data on the Bonnet monkeys was an offshoot of work that had been
done in terms of contraception in female monkeys using aromatase
inhibitors. So we have many areas, but many of them will relate to
benign rather than malignant pathophysiology.

Paul Goss: What are your thoughts about benign endometrial hyperplasia
with and without atypia?

Serdar Bulun: That is a very good point. Endometrial hyperplasia still
contains large numbers of stromal cells which can potentially ex-
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press aromatase, and they would be important targets, but we haven�t
looked into the treatment of those.

Paul Goss: How common is endometrial hyperplasia in comparison to en-
dometriosis as a medical issue?

Serdar Bulun: Endometriosis is probably much more common than even
endometrial cancer. The epidemiology could not be studied very well
because of the difficulties diagnosing the disease. Endometrial hyper-
plasia is a transient state. It either remains the same and doesn�t cause
problems or it regresses or it progresses to endometrial cancer. Most
of the time the kind of lesions with atypia progress to endometrial
cancer, and there are different percentages recorded by different in-
vestigators. So it is another unknown type of disease, although en-
dometrial hyperplasia can be easily diagnosed by a simple endometrial
biopsy which is performed using a plastic catheter. It wouldn�t be as
difficult as endometriosis, for example. Usually these are the women
who are anovulatory, so I would guess that the prevalence of this con-
dition would be much less than endometriosis.
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