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The Strategic Use of Antiestrogens
to Control the Development and
Growth of Breast Cancer

V. Craig Jordan, Ph.D., D.5c.

Tamo"ifen has become the endocrine treatment of cholice
Or all stages of breast cancer. Its low incidence of s.1de
ects and proven survival advantage observed during
ady Uvant therapy in postmenopausal women with node-
Positive disease has encouraged the use of long-term
treatment for patients to benefit fully from therapy. The
U8 has an appropriate level of estrogen-like effects that
gﬁuld be beneficial to maintain bone density and }.)reve.nt
‘eve]‘o Pment of coronary heart disease by lowering cir-
Lulfm"g cholesterol. These effects might be useful in all
Patients with estrogen receptor-positive breast cancer
O currently are receiving no therapy. This antiestro-
§:mc agent could be effective therapy to deter recur-
o NCe, and the estrogen-like side effects support the physi-
98I¢ processes of the patient as hormone-replacement
@ “rapy. In the laboratory, a tamoxifen-stimula.ted breast
ancer model has been described in vivo. This form of
i *US resistance may occur in patients after lo.ng-term or
definit adjuvant therapy. Novel pure antiestrogenic
Tu8s have been discovered that soon will become avail-
ad? as second-line therapy after tamoxifen failure. In
“dition, tamoxifen is being evaluated in the United
v;;lgdom as chemosuppressive therapy to prevent the: dP:-
OPment of breast cancer in high-risk women. A simi-
or clinical evaluation is underway in the United States.
ancer 1992; 70:977-982.
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(Fi treatmg patients with breast cancer. Taqu1 en
a 18- 1), a nonsteroidal cornpound,3 is now establ.lshed

® the “golq standard” to treat selected patients with all
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stages of this disease.* The side effects generally are
Jimited to symptoms of estrogen blockade. Neverthe-
Jess, physicians should remain vigilant to their patients’
concerns and provide optimal health care during ta-
moxifen therapy.

In this article, a treatment strategy is designed for
the 1990s to maximize the use of antiestrogenic drugs to
control breast cancer. Long-term adjuvant tamoxifen
therapy, a concept successfully transferred from the lab-
oratory to the clinic,® provides a survival benefit for
postmenopausal patients with node-positive disease.®
This encouraging clinical finding has increased the en-
thusiasm to extend and broaden the use of antiestrogen
therapy. This article addresses some of the issues in-
volved and considers the potential benefits of a broader
application of tamoxifen therapy.

Long-Term Adjuvant Tamoxifen Therapy

During the past 3—4 years, it has become clear that ta-
moxifen, an antiestrogenic agent originally introduced
as a palliative treatment for advanced breast cancer in
postmenopausal women,” is effective adjuvant therapy
in both node-positive and node-negative disease. The
results of numerous clinical trials recently were re-
viewed.? Therefore, it is only necessary in this report to
consider the strategic issues.

Several clinical trials showed the benefit of at least
5 years of tamoxifen treatment;”> however, there is
currently a trend toward evaluating indefinite adjuvant
tamoxifen therapy. There are two major concerns about
this strategy. First, will the patient benefit from continu-
ous therapy? It is hoped that an advantage will be ob-
served in the analysis of current clinical trials because
the prospects for patient survival are not good after
there is recurrence. Any strategy to suppress the process
of recurrence would be a valuable advance. However,
this raises a second issue: Is indefinite tamoxifen ther-
apy safe?

In 1977, a pilot clinical evaluation was begun of the
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Figure 1. Formulas of antiestrogens.

moxifen therapy, with initial adjuvant chemotherapy,
in node-positive breast cancer.’** Not only has the pi-
lot study provided interesting therapeutic data, but also
the findings in the patients treated have proved to be an
invaluable resource to monitor the acceptability and
safety of tamoxifen. Many of these patients were
younger than 40 years of age, and they maintained their
menstrual cycles after adjuvant chemotherapy. Long-
term adjuvant tamoxifen therapy caused an increase in
circulating estrogen levels.''¢ Currently, there is no evi-
dence that the observed increased estrogen levels will
reverse the action of tamoxifen as an antitumor agent.
Howe'ver, itis known that tamoxifen is likely to be more
effec{tlve in a low estrogen environment. Tamoxifen,
and its metabolites, are competitive inhibitors of estro-
gen action.'” Two strategies could be considered to re-
duce estrogen levels: ovariectomy (in node-positive dis-
easg) or the administration of luteinizing hormone-re-
leasing hormone (e.g., depot goserelin). The latter is
known to inhibit ovarian estrogen synthesis (by sup-
pressing luteinizing hormone release),'®'® and this may
be ratlo.n'al therapy for node-negative, estrogen recep-
tor-positive women who elect not to receive chemother-
apy because they wish to have a family 5 or more years
in the future. Clinical trials are ongoing to address both
the sgfety and efficacy of tamoxifen—depot goserelin
combinations,

One natural concern about indefinite tamoxifen
thgrapy was the probability that an antiestrogenic drug
r'mght cause serious bone loss. Ultimately, this would
limit Fhe use of the agent in women with either node-
negative disease or those surviving long term. We
found (in the laboratorv) that tamoxifen has a tarset-
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genic effect in the uterus (with some estrogenic actions)
but it has estrogenic effects in bone and prevents de.
creases in density.?® Tamoxifen does not cause any sig.
nificant decreases in bone density (compared with con.
trol) in patients who have received at least a 2-yeay
course of adjuvant tamoxifen.?' Similarly, long-term (5.
year) adjuvant tamoxifen therapy appears to stabilizg
bone loss.?

It is known that tamoxifen has a mixture of estro.
genic and antiestrogenic actions,* and it is possible that
the estrogenic actions could cause troublesome side ef.
fects. Estrogens are known to predispose individuals tg
thromboembolic disorders and endometrial carcinoma
Tamoxifen causes some decreases in antithrombin II]
during long-term adjuvant therapy, but the decreases
are within the clinically acceptable range. However,
women with a prior history of thromboembolic dis-
order should not receive long-term tamoxifen therapy
unless the risks are outweighed by the severity of the
disease.

Tamoxifen-induced endometrial carcinoma is g
much more complicated issue, and the findings deserve
to be placed into perspective. As might be expected,
endometrial carcinoma has been detected in patients
who are being treated for breast cancer with tamoxi-
fen.* Unfortunately, only approximately 33% of endo-
metrial carcinoma is hormone responsive; therefore,
most tumors would be expected to progress. However,
in one study,25 it was found that a steroid receptor-posi-
tive human endometrial tumor is stimulated to grow in
athymic mice by either estradiol or tamoxifen. In fact,
tamoxifen again shows target site specificity. If animals
are bitransplanted with a human breast tumor (MCF-7)
and a human endometrial carcinoma (EnCa 101), ta-
moxifen will inhibit estradiol-stimulated growth of the
breast tumor but encourage the growth of the endome-
trial tumor.?® These findings led to an examination of
clinical-trial data to determine whether an increase in
endometrial carcinoma occurs during adjuvant tamoxi-
fen therapy for breast cancer. Cusrently, only one ran-
domized clinical trial found an increase in endometrial
carcinoma. This Swedish study?”’ of approximately
1900 women, randomized to receive no or tamoxifen
(20 mg twice a day) treatment, found an increase of 11
endometrial carcinomas in the tamoxifen treatment arim
compared with control. What is particularly interesting
is the association of an increased risk for endometrial
carcinoma with increased duration of tamoxifen ther-
apy. Nevertheless, it is clear from all clinical results that
no patient should be denied adjuvant tamoxifen ther-
apy for breast cancer because she might have an occult
endometrial carcinoma that is encouraged to grow by
tamoxifen. Physicians should, however, remain vigi-
lant to this nossibilitv and immediatelv investieate anv
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Antiestrogens and Breast Cancer /Jordan
Failure of Adjuvant Tamoxifen Therapy

It is unrealistic to believe that indefinite tamoxifen ther-
apy will control disease recurrence indefinitely. Failure
of tamoxifen therapy usually is associated with estro-
gen receptor-negative clone emergence. However,
based on experience with advanced disease, a signifi-
cant proportion of disease will remain hormone re-
sponsive. Second-line therapies, like progestins®® and
aromatase inhibitors,?® can be effective in some pa-
tients. The new antiestrogenic agent, toremifene,’*®
might produce a subsequent response in some patients
in whom tamoxifen therapy fails after an initial re-
sponse. Toremifene currently is being evaluated in
Phase III trials against tamoxifen in postmenopausal
patients with advanced disease. The next step will be to
evaluate this antiestrogenic drug as adjuvant therapy.

Several forms of drug resistance to antiestrogens
have been described in the laboratory.* However, the
observation that tamoxifen can encourage the growth
of endometrial carcinoma in athymic mice naturally
raised the question of whether a model could be devel-
oped for tamoxifen-stimulated breast cancer growth.

Long-term tamoxifen therapy eventually can cause
the growth of MCF-7 breast tumors in athymic
mice.”** These tumors can be retransplanted but will
grow only if tamoxifen treatment is maintained.* It is
possible that tamoxifen-stimulated growth has been
described in the clinic.*®* However, a withdrawal re-
sponse may be difficult to define because tamoxifen has
a long half-life,’” and up to 6 weeks is required to elimi-
nate all traces of the drug and its metabolites.

In the laboratory model of tamoxifen-stimulated
growth, estradiol also stimulated tumor growth.*® This
suggests that cessation of tamoxifen therapy will not be
sufficient clinically because the patient’s circulating es-
trogen ultimately may support tumor growth. For this
reason, significant numbers of patients may respond to
second endocrine treatment after the failure of success-
ful tamoxifen treatment. The tumor has a withdrawal
response to tamoxifen, and the existing estrogen recep-
tor system cannot be activated. This is achieved by ei-
ther limiting the amount of endogenous estrogen (aro-
matase inhibitors) or perturbing the regulation of the
estrogen receptor system (progestins). An alternate ther-
apeutic strategy would be to develop antiestrogenic
drugs that do not have the estrogen-like properties of
tamoxifen.

Pure Antiestrogens

Several pharmaceutical companies are attempting to de-
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efficacy of the lead compounds in various laboratory
tests. It is therefore possible to formulate an application
because the pharmacologic principle (i.e., can one syn-
thesize a compound with pure antiestrogenic proper-
ties?) has been established.

The steroidal compound, ICI 164,384 (Fig. 1),°® has
been evaluated by numerous investigators'’240 and
found to be an effective pure antiestrogen. However, its
systemic potency is low, and there is significant loss of
potency if the compound is given to animals orally. ICI
164,384 probably will not be used clinically, but nonste-
roidal agents with a higher potency could be targeted
for development. An orally active agent should be an
essential component of any strategy to introduce a new
antiestrogen. Oral tamoxifen is so well tolerated that
patients would be reluctant to consider injections or
sustained-release implants as an alternative.

How could a pure antiestrogenic drug be used to its
best advantage in the clinic? The finding that pure an-
tiestrogens can inhibit tamoxifen-stimulated growth in
laboratory models® identifies their use as second-line
therapy in advanced disease or at first recurrence in
patients with node-positive or node-negative breast
cancer who do not respond to long-term adjuvant ta-
moxifen therapy.

It is likely that, early in the evolution of breast
cancer, the disease is significantly more hormonally re-
sponsive than later. Early treatment of node—negatiVe
disease with an antiestrogen could provide an advan-
tage for patients. However, this might not be true if
therapy with a pure antiestrogenic drug is used early.
One advantage of long-term adjuvant tamoxifen ther-
apy is that the drug appears to have an appropriate
Jevel of estrogenic side effects.” Its estrogenicity might
be beneficial to bone? and is responsible for lowering
circulating cholesterol.*! This might be important for
most postmenopausal women with node-negative dis-
ease who are denied hormone replacement therapy be-
cause only a minority will have a recurrence. A pure
antiestrogenic drug might produce deleterious effects
on the physiologic actions of estrogen in such patients
that might preclude early evaluation in these women,
By contrast, it might be advisable to evaluate adjuvant
therapy in women with extensive nodal metastases. U]-
timately, tamoxifen therapy followed by pure anties-
trogen therapy at recurrence might be more acceptable
to patients if orally active pure antiestrogenic drugs are
not available.

It is likely that the next decade will see the evalua-
tion of several new agents that should provide clini-
cians with other valuable antiestrogenic agents with
different properties. Nevertheless, the success of ta-
moxifen, and its balance of estrogenic and antiestro-
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Prevention of Breast Cancer

One of the current goals of laboratory and clinical re-
search is to devise a strategy to prevent the develop-
ment of breast cancer. An effective plan ultimately
could prevent more than 40,000 deaths annually. A suc-
cessful strategy would intervene in those women in
whom the disease could develop. Such an intervention
must have significantly less risk to the patient than
death from breast cancer and preferably be given pre-
cisely and for a short period. Regrettably, we cannot
identity unequivocally the population of women in
whom breast cancer will develop. Therefore, there is
the immediate problem of who to treat. Although we
know that women who have two or more first-degree
relatives with breast cancer are at increased risk for the
disease, these women are in a minority (10%) of those
who subsequently have the disease. Most women have
breast cancer for apparently arbitrary reasons. Because
we do not know who will have breast cancer and can
only identify women with an increased risk (e.g., nullip-
arous women, women bearing a child after age 30
years, and women who have multiple breast biopsies
for suspicious lesions), the application of an interven-
tion to prevent the disease must have negligible risk for
the vast majority of women who will never have breast
cancer. To prevent the disease, the timing of disease
initiation should be known. However, we do not know
either the timing or the nature of the carcinogenic insult
in women. Therefore, currently, precise intervention
therapy to prevent breast cancer seems unlikely.

An ovarian influence in the control of breast cancer
growth has been known since the turn of the century 4
In the laboratory, ovariectomy prevents the develop-
ment of mammary cancer in high-incidence strains of
mice** and mammary carcinogenesis in rats.** In both
models, mammary carcinogenesis is initiated in young
pubescent females, but all animals will have tumors
unless prophylactic ovariectomy is done. It would be
clearly unacceptable to do indiscriminate oophorecto-
mies on teen-age girls to avoid the possibility of breast
cancer! Nevertheless, there is epidemiologic data to
support the view that early oophorectomy dramatically
reduces the incidence of breast cancer.*® Recently, one
study suggested the extensive use of luteinizing hor-
mone-releasing hormone agonists as contraceptives.
This reversible approach to ovarian suppression would
reduce, not only the incidence of breast cancer, but also
that of ovarian and endometrial carcinoma. This inno-
vative suggestion has merit although there is currently
little public enthusiasm to sponsor research in repro-
ductive endocrinology.

An alternative approach would be to administer
antiestrogenic drugs to block estrogen action. Tamoxi-
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cancers that develop during adjuvant tamoxifen ther-
apy'®?” and prevents mammary tumorigenesis in an-
mal models.*’#® The strategy to use tamoxifen to Pré”
vent breast cancer has a strong scientific rationale for
further evaluation. However, such a strategy will sU¢”
ceed only if there is a low incidence of iatrogenic dis”
orders in the women who will never have breast cance™
The side effects that occur with tamoxifen recently Were
reviewed.* Therefore, only the major concerns will b.e
mentioned in this report. The administration of tamoxi”
fen to young women (as yet unidentified) of reprodu®
tive age might be unacceptable because of (1) the poer
menopausal symptoms, (2) the risks for teratogenes’>
and (3) the unknown effects of long-term ovarian hy~
perstimulation, i.e., ovarian carcinoma in the POStmenO-
pausal years. s

An alternative strategy would be to study the abll;
ity of tamoxifen to prevent the appearance of breaS_
cancer in postmenopausal women. However, the prot
cess of initiation and promotion of breast cancer almos
certainly will have occurred before this age, and ol
ifen will suppress the growth of malignant cells- i
concept would be considered chemosuppression, 1-- t(f
prevent the development of occult disease. Figure 2 d}fe
scribes the various strategic approaches to control ¢
development of breast cancer.

Chemosuppression

In London, a pilot clinical study was begun of tamox’.
fen therapy in normal women at risk for breas
cancer.**** Currently, the only concern of significanc”
is the declining compliance (80% at 2 years) that oceur®
in both the tamoxifen and control treatment armsi
Close volunteer supervision and support will be essell
tial to achieve success in a major study. fen
There is the question of the duration for tamoX! ir
therapy. Although tamoxifen is an effective aggnt t
the treatment of breast cancer and long-term ad]_uvarla
therapy is effective, it may be prudent to consider
5-year regimen rather than indefinite treatment: e
have considerable information about 5 years of tr eae‘
ment, and additional long-term studies will produce rn
sults during the next few years. An analysis of adjuv?
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