Cancer Chemother Pharmacol (1998) 42: 241-246

© Springer-Verlag 1998

ORIGINAL ARTICLE

Irene Szamel - Ivan Hindy - Barna Budai - Lauri Kangas
Alajos Hajba - Risto Lammintausta

Endocrine mechanism of action of toremifene at the level
of the central nervous system in advanced breast cancer patients

Received: 13 July 1997 / Accepted: 17 February 1998

Abstract Purpose: To differentiate the antagonistic and
agonistic effect of toremifene at the level of the hypo-
thalamus-hypophysis axis a leutinizing hormone-releas-
ing hormone (LHRH) test was performed during a
phase II clinical trial. Methods: In 15 postmenopausal
patients with advanced breast cancer, follicle-stimulating
hormone (FSH) and LH release — induced by an LHRH
agonist (Suprefact injection, 0.5 mg s.c.) — was moni-
tored during a 16-week period of toremifene treatment
(60 mg/day p.o.). Prolactin, estradiol, and sex hormone-
binding globulin (SHBG) levels were also measured. The
functional test was carried out prior to toremifene
therapy and then 4, 8, 12, and 16 weeks afterward.
Results: The drug sensitized the pituitary to the action of
the gonadotrophins; the LHRH-induced FSH and LH
release showed a considerably increasing tendency dur-
ing the toremifene therapy. Estradiol levels decreased
statistically significantly and SHBG levels showed a
statistically significant increase. A decreased level of
prolactin is the sign of an antiestrogenic effect of tore-
mifene on the hypophysis and, as a result, provides
evidence for a direct influence of toremifene upon the
pituitary. An increase in LH and prolactin release in
response to the LHRH test was characteristic in the
responders. Conclusion: According to the LHRH test,
the antagonistic effect of toremifene seems to be more
dominant than the concomitantly existing agonistic
property. Neither clinical nor endocrinological side ef-
fects could be observed at the level of the CNS during a
prolonged period of toremifene administration.
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Introduction

Toremifene is an effective, safe, and easily applicable
drug for the treatment of hormone-responsive cancer
[5, 10, 12, 19, 20]. Due to the favorable biological and
clinical activities of antiestrogens, there is increasing
interest in understanding the pharmacology and bio-
chemical mechanisms of these drugs. Although anties-
trogens have been used in clinical practice since the
1970s and although their effects, especially those of
tamoxifen, on serum hormone levels have been reported
by several groups, their influence upon endocrine regu-
lation at the ovarian hypothalamo-pituitary axis has not
been fully clarified [1, 8, 9, 18, 27].

With regard to hormonal changes, toremifene exerts
pronounced and numerous different endocrine influ-
ences upon hormone regulation in patients [7, 14—16]. In
terms of the mechanism of action of the drug, it seems
that toremifene has not only antiestrogenic (antagonis-
tic) properties but a weak estrogen-like (agonistic) effect
as well. In addition, a decrease in basal prolactin levels
as well as in TRH-induced prolactin release suggests that
toremifene also has an antiprolactinic property [16].

In the course of measuring TRH-induced prolactin
release it has been established that toremifene exerts not
only peripheral effects (receptor binding) but effects at
the level of the hypophysis as well [16]. However, the
TRH functional test is not suitable for differentiation of
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the estrogen-agonistic and/or estrogen-antagonistic ef-
fect of toremifene at the level of the HT-HP axis;
therefore, the performance of a functional test working
at the level of the CNS is necessary. For this purpose an
endocrine study, i.e., the measurement of gonadotrope
hormone release — inducible by LHRH-agonist analogue
injection — is suitable [17].

The goals of the present study were to evaluate the
dominant endocrine effect of toremifene, antagonistic or
agonistic; to investigate the LH and FSH release induced
by LHRH-agonist analogue injection during a pro-
longed period of treatment with toremifene — this func-
tional test enables evaluation as to how toremifene
exerts its effect at the level of the HT-HP-ovarium axis;
to study whether the LHRH test possesses a predictive
value for patients’ response in the early phase of tore-
mifene therapy; to study prolactin secretion during
toremifene administration; to analyze the modification
of estradiol levels by toremifene therapy so as to control
the influence of toremifene upon the HP-ovarium axis;
and to control the change in SHBG concentrations so as
to evaluate the intrinsic estrogenic effect of toremifene.

Patients and methods

Investigation of toremifene action at the level of the CNS neces-
sitated the introduction of the LHRH-agonist analogue functional
test (hereafter termed the LHRH test). This was the first time the
LHRH test had been applied for the investigation of antiestrogen
action at the level of the CNS.

The LHRH test

The principle of the LHRH test is as follows: acute administration
of an LHRH agonist produces an increased release of LH and
FSH. Some other hormones might be also influenced by the drug.
The degree of LH and FSH release can give some information
about the normal or abnormal function of the HP or about a
possible hypofunction of the HT or HP [3, 4, 11, 13].

Patients’ selection and inclusion criteria

Between 1991 and 1995, 15 postmenopausal women were recruited
into the trial with histologically verified primary inoperable (T4) or
advanced (ST IV) breast cancer. They were evaluable during a 16-
week treatment period.

Patients must not have received any hormone therapy for at
least 2 months or chemotherapy for at least 6 weeks before the
study. They had at least one evaluable and/or measurable lesion
that had shown progression during the last 3 months prior to entry
into the study. The postmenopausal status required that at least 2
years had elapsed since menopause or oophorectomy. The life ex-
pectancy was more than 16 weeks. The patients had no concomi-
tant endocrine disease and were not allowed to use any centrally
acting drugs unless their clinical condition made it necessary. Pa-
tients who had failed to respond to an earlier tamoxifen treatment
or had become resistant to it during a longer period of tamoxifen
treatment were not included.

Performance of the study

The LHRH test was performed at a 60-mg/day oral dose level of
toremifene (Fareston). The LHRH-agonist analogue (Suprefact,

Hoechts) injection was applied as a single s.c. dose of 0.5 mg. The
study was performed during bed rest before meals. The LHRH test
was carried out prior to toremifene treatment and at 4, 8, 12, and
16 weeks after toremifene administration. Blood samples (30 ml)
were taken without anticoagulant through a peripheral i.v. catheter
directly prior to the Suprefact injection and at 1, 2, 3, 4, 5, 6, 24,
and 48 h following Suprefact administration.

Hormonal parameters

The following hormones were measured by RIA and IRMA
methods using commercial kits: LH, FSH, prolactin, estradiol, and
SHBG (Orion Diagnostica, Turku, Finland).

Duration of toremifene treatment and discontinuation

The minimal duration of treatment was 16 weeks. Treatment was
discontinued and patients were withdrawn from the study under
the following conditions: the progress of the disease required im-
mediate new treatment; the appearance of severe or intolerable side
effects or allergic reactions; clinical reasons, judged by the investi-
gator; and patients’ refusal.

In case of an objective response (complete or partial response)
or no change the treatment was continued until progression. The
clinical response was evaluated as follows according to WHO cri-
teria: CR, complete response; PR, partial response; NC, no change;
PROGR or PD, progressive disease [6].

Follow-up

If the toremifene therapy seemed to be ineffective after a 16-week
treatment period, administration of the drug was immediately
stopped and treatment was continued with either other hormonal
drugs or cytostatic agents. Follow-up examination was done every
month during the endocrine investigation except for instrumental
investigations, which were performed before the trial and afterward
at the 16th week (at the end of the endocrine study).

Ethical considerations

All data concerning the study were handled according to the de-
cisions of the Helsinki Declaration of the World Medical Associ-
ation. This study plan was authorized by the Human Research
Ethics Committee of Hungary. The patients were fully informed as
to the nature of the study, its risk factors, and the right of patients
to discontinue their participation in the study at any stage. Patients
were asked to sign an informed consenting form.

Statistical evaluation

Student’s z-test and Fischer’s test were used for the calculation of
significance [2].

Results

A total of 15 postmenopausal patients were recruited
into the trial. All patients were evaluable; no patient was
excluded from the trial nor was any treatment inter-
ruption necessary due to rapid progression of severe
intolerance. The most common side effect was the de-
velopment of or increase in hot flash (grade I-1I).

The mean FSH level was in the normal postmeno-
pausal range prior to the LHRH injection and before the
start of toremifene therapy (0 week, 0 min) except for a



negligible elevation in some cases. After the adminis-
tration of Suprefact a continuous increase in both FSH
and LH was recorded, reaching a peak value at around 5
and 6 h, respectively, and later decreasing to the initial
value. The changes in FSH levels observed during the 3-
to 6-h control period were statistically highly significant
as compared with the initial value (Fig. 1). At the same
time, LH release showed an extremely high level of sig-
nificance (P<0.0001) as early as the 1st h (Fig. 2). A
comparison of the mean peak values (6th h) revealed no
statistically significant difference.

In the case of prolactin a marked but statistically in-
significant increase appeared, with peak values being
recorded at between 4 and 6 h. After 16 weeks there was
a moderate suppression of the prolactin level.
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Fig. 1 Mean LHRH-induced FSH release observed in breast
cancer patients (n = 15) relative to the normal postmenopausal
range (9.4-147 IU/1). Serum FSH concentrations were measured at
the indicated times (tick marks) prior to and after a single s.c.
Suprefact injection
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Fig. 2 Mean LHRH-induced LH release observed in breast cancer
patients (n = 15) relative to the normal postmenopausal range
(13-79.7 1U/1). Serum LH concentrations were measured at the
indicated times (tick marks) prior to and after a single s.c. Suprefact
injection

243

A continuous decrease in mean estradiol levels was
obtained during the toremifene therapy. When we
compared the 0-week, 0-h and 16-week, 48-h base levels,
a highly significant (P <0.0005) suppression of estradiol
was detected. The fluctuation in estradiol concentrations
might be explained by the induced release of FSH and
LH in accordance with normal endocrine regulation.

With regard to the suppression of estradiol levels by
toremifene, a reduction in levels of the hormone could
be seen as early as at the 4th week following toremifene
administration. No value lay above the 0-week control
curve in such an evaluation. This finding clearly proves
the antiestrogenic effect of toremifene (Fig. 3).

A continuous and statistically significant (P <0.0001)
elevation in SHBG concentrations occurred over the
whole period of toremifene treatment, and this increase
appeared as early as the 4th week of therapy (Fig. 4).
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Fig. 3 Suppression of mean serum estradiol levels induced by
60 mg of toremifene treatment in breast cancer patients (n = 15).
Serum estradiol concentrations were measured at the indicated
times (tick marks) prior to and after a single s.c. Suprefact injection
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Fig. 4 Increase in mean serum SHBG levels induced by 60 mg of
toremifene treatment in breast cancer patients (n = 15). Serum
SHBG concentrations were measured at the indicated times (tick
marks) prior to and after a single s.c. Suprefact injection
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Fig. 5 Mean LHRH-induced LH release observed during toremi-
fene treatment in responders (M, » = 6) and nonresponders ([J,
n = 9) relative to the normal postmenopausal range (13-79.7 IU/1)
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Fig. 6 Mean LHRH-induced prolactin release observed during
toremifene treatment in responders (M, » = 6) and nonresponders
(O, n = 9) relative to the normal postmenopausal range (50-500
mlU/l). *P <0.05; **P <0.005

The relationship between the hormonal changes and
the clinical response of the patients were correlated. LH
and prolactin showed some clinical response-related
tendency. The base level of LH was similar in responders
and in nonresponders prior to and after toremifene
treatment. However, after a 16-week period of toremi-
fene therapy, during the functional test, a more pro-
nounced LH release occurred, albeit only in responders
(Fischer’s test: P <0.05; Fig. 5). Changes in levels of the
pituitary hormone prolactin are of clinical importance
both in terms of the response and as a possible predictive
parameter. Significant differences existed between re-
sponders and nonresponders in the rate of inducible
prolactin release after Suprefact injection. Whereas in
nonresponders there was a strong response to the
LHRH test prior to toremifene therapy, in responders,
higher amounts of polactin were released at the 16th

week. At the same time the base level of prolactin was
markedly suppressed by toremifene in responders as
compared with nonresponders (Fig. 6).

Discussion

The effects of antiestrogens on gonadotrophins are
complex due to opposing estrogenic actions on the HT
and on the HP. Whereas high physiological concentra-
tions of estradiol in postmenopausal patients inhibit
secretion of LHRH, thus resulting in a decrease in levels
of LH and FSH, exogenous and endogenous pharma-
cological concentrations of estrogens sensitize the pitu-
itary gland to the action of LHRH, which tends to
increase serum gonadotrophin levels. Therefore, the net
antiestrogenic and/or estrogenic activity of each com-
pound depends on the balance between these two op-
posing actions [1].

Using the LHRH-agonist analogue functional test,
we succeeded in elucidating the action of toremifene
upon the HT-HP axis. Toremifene had an antagonistic
(antiestrogenic) effect; estradiol levels were statistically
significantly decreased, and the base level of prolactin
was also suppressed. On the other hand, toremifene had
a tissue-specific agonistic (intrinsic estrogenic) activity;
levels of SHBG were statistically significantly increased
and those of LH were statistically significantly de-
creased, whereas FSH values were only moderately
suppressed. Decreased levels of prolactin are the sign of
an antiestrogenic effect of toremifene on HP and, as a
result, provide evidence for a direct effect of toremifene
on the pituitary. Toremifene did not adversely affect the
normal endocrine regulation of breast cancer patients at
the level of the CNS; the negative feedback mechanism
was neither disturbed nor inhibited by the 16-week pe-
riod of drug administration. Toremifene had an influ-
ence on the HT-HP axis; the drug sensitized the HP to
the action of gonadotrophins, and the LHRH-induced
FSH and LH release showed a considerable degree of
increase during toremifene therapy. The fall in base
levels of FSH and LH observed in postmenopausal pa-
tients during toremifene treatment may have been due to
partial agonistic activity on the HT or to antiestrogenic
activity on the HP.

The degree of both FSH and LH release increased
continuously during toremifene therapy. One could
speculate that an additive agonistic action of the two
drugs is exerted or that toremifene sensitizes the pitu-
itary gland to the LHRH stimulus due to its agonistic
activity. However, after a 16-week treatment period the
FSH and LH base levels were suppressed by the tore-
mifene.

In spite of the sensitizing effect of toremifene on the
LHRH-induced release of FSH and LH, the drug could
normalize the hormone secretion by the end of the
toremifene therapy. The slight decrease in these hor-
mones proves the weak estrogenic (agonistic) mecha-
nism of action of toremifene.



On the basis of the LHRH-induced LH release we
concluded that the secretion rate was correlated with the
clinical response of the patients; an increased response to
the LHRH test during toremifene treatment was char-
acteristic of the patients who developed a CR, a PR, or
NC. In responders and in nonresponders the maximal
rate of LH release recorded as the 5- to 6-h peak values
at week 0 and week 16 differed significantly (P <0.05,
Fischer’s test). It seems that a very sensitive pituitary
function would be predictive of the suitability of a pa-
tient for successful toremifene treatment. In patients
with PD there was a lower than normal response, if any,
to LHRH injection.

According to the prolactin release induced by the
LHRH test, those patients who showed high secretion
curves after toremifene administration responded well to
the toremifene therapy.

According to our earlier results, obtained with the
TRH functional test [16], toremifene inhibited prolactin
secretion at the level of prolactin-secreting cells in the
pituitary gland or decreased the prolactin reserve capacity
in the secreting cells. Therefore, it is tempting to speculate
that one of the mechanisms of actions of toremifene may
involve its antiprolactinic property in breast cancer ther-
apy. The LHRH-agonist analogue, which exerts its effect
at the HT-HP axis, can inhibit the PIF secretion or
stimulate the PRH release from the HT, resulting in an
increased release of prolactin from the pituitary. Ac-
cording to this observation on the measurement of pro-
lactin levels after the injection of a single dose of LHRH,
one could speculate as to whether this phenomenon might
be a useful test to predict which patients would respond to
toremifene treatment. Another hypothesis might be that
patients who have a normal or a very sensitive HP func-
tion as proved by the endocrine functional tests would be
candidates for successful toremifene therapy. Proof of the
above-mentioned theories would require further in-
vestigations involving a larger number of patients.

The significant decrease in estradiol levels took place
during toremifene administration. A similar observation
has been reported by other authors [22]. On the basis of
our results, it seems that toremifene has antagonistic
action because it counteracted the agonistic activity of
LHRH at the level of the pituitary gland.

An elevation in SHBG synthesis in the liver could be
considered a potentially beneficial effect in breast cancer
therapy because the unbound (and, thus, active) estra-
diol concentration in the serum is diminished by binding
of the hormone to this transport protein.

No severe adverse reaction, including the develop-
ment of second primary disease such as endometrial or
liver cancer, was observed among our patients.

In summary, toremifene exerts many different endo-
crine effects upon hormone regulation in breast cancer
patients. Despite the considerable modulation observed
in the endocrine milieu, an early prediction of drug ef-
ficacy cannot be made directly on the basis of hormonal
changes. According to the LHRH test, the antagonistic
(antiestrogenic) effect of toremifene seems to be more
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dominant than the concomitantly existing agonistic
(partial estrogenic) property. The LHRH test supported
our earlier findings, obtained by the TRH provocation
test, that toremifene exerts its effect predominantly at
the level of the pituitary gland. Neither clinical nor en-
docrinological side effects were observed at the level of
the CNS or in the periphery during a prolonged period
of toremifene therapy.
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