
ORIGINAL ARTICLE

Juha EllmeÂ n á Dudley Werner á Pasi Hakulinen
Roger Keiling á Pierre Fargeot á Geo�rey Falkson
W. R. Bezwoda

Dose-dependent hormonal effects of toremifene in postmenopausal
breast cancer patients

Received: 5 August 1999 /Accepted: 28 October 1999

Abstract Purpose: The purpose of the study was to
compare hormonal e�ects of three toremifene doses,
20 mg (TOR20), 40 mg (TOR40) and 60 mg (TOR60)
administered daily, in postmenopausal women with
advanced breast cancer. Methods: The study was
randomized and open label in three parallel groups.
Biochemical variables were identi®ed as the serum
concentrations of follicle stimulating hormone (FSH),
luteinizing hormone (LH) and sex hormone binding
globulin (SHBG). The changes were compared with
objective clinical responses and to progression-free time.
Adverse reactions and liver function test (aspartate
aminotransferase, ASAT) were assessed for safety. Re-
sults: A total of 260 patients were randomly grouped (90
to TOR20, 81 to TOR40 and 89 to TOR60). Of these
patients 29, 29 and 22 completed at least 3 months of
treatment and the results were analyzed for biochemical
variables. All treatments had intrinsic estrogen agonist
activity by decreasing of serum FSH and LH and by

increasing of SHBG during the ®rst 3 months
(P < 0.01). Dose TOR20 showed slightly longer times
to exert maximum estrogenic e�ects than did the two
higher doses. No increases in liver function tests were
seen in any of the groups. Objective response rates were
24.4, 39.5 and 32.6% (P � 0.01) and median times-to-
progression were 206, 189 and 196 days in TOR20,
TOR40 and TOR60, respectively (P � 0.913). Fewer
responses were observed in the TOR20 group than in
TOR40 (P � 0.05). Adverse events were reported in 19,
23 and 30 patients in the treatment groups (P � 0.20).
The most frequently reported events were hot ¯ushes
and nausea. These were mostly mild or moderate, and
only 1.5% of treatments was discontinued due to tox-
icity. Conclusions: Toremifene doses of 40 and 60 mg
daily were e�ective and safe treatments of breast cancer
in postmenopausal women, and no di�erences in their
biochemical or clinical e�ects were seen. Toremifene at
20 mg/day had similar but slightly less potent anties-
trogenic and estrogenic e�ects than the two higher doses.
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Introduction

Triphenylethylene antiestrogens or speci®c estrogen
receptor modulators (SERM) are used for the ®rst-line
palliative treatment of metastatic breast cancer [10, 14]
and especially for adjuvant treatment after breast cancer
surgery [3, 7]. Clinical trials to evaluate the e�ect of
SERMs in breast cancer prevention in high-risk patients
are ongoing, although the ®rst results are controversial
[4, 25, 32]. The triphenylethylene-derivative, toremifene,
acts mainly as an antiestrogen in humans [17, 18], and
like other SERMs [15, 24], it binds to the intracellular
estrogen receptor (ER). The e�ects of SERMs depend
on the target tissue. Typically, in the breast they inhibit
cell proliferation, whereas in liver they stimulate protein
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synthesis (e.g., sex hormone binding globulin (SHBG)
[18, 30]). In rodents the maximum estrogen-like utero-
tropic e�ect was achieved at doses of 1.0±10 mg/kg. The
estrogenic e�ect of toremifene, within this range, was
seen at doses 40 times higher than that of tamoxifen.
When toremifene was administered with estradiol, the
minimum antiestrogenic dose was ten times higher than
that of tamoxifen, suggestive of a lower estrogenic po-
tential of toremifene when compared with tamoxifen
[29]. In postmenopausal women, toremifene at a dose of
220±680 mg daily for 5 days induced a decrease in serum
LH and FSH and an increase in SHBG levels [16]. In
postmenopausal women with concomitant transdermal
estradiol, toremifene given at 10 mg/day had little or no
antiestrogenic activity in vaginal cytology, but 20, 40
and 80 mg/day exerted marked antiestrogenic e�ects,
similar to those of tamoxifen at 20 mg/day [13]. In
phase II clinical studies in postmenopausal patients with
advanced breast cancer, the lowest dose of toremifene,
20 mg/day [26], was not as e�ective as 60 mg/day [8, 21,
31], and the highest amount used, 240 mg/day, still im-
proved response rate [11]. In a meta-analysis of early
tamoxifen trials [22] tamoxifen at 40 mg/day was more
e�ective than at 20 mg/day, but in a comparative study
between the two doses [2] no di�erence in e�cacy was
seen. In phase III studies, toremifene at 60 mg/day has
been equally as e�ective as tamoxifen in 20 or 40 mg/day
doses [5, 9, 27] and the higher dose of toremifene, 200±
240 mg/day, again showed a slightly higher response
rate [6]. In a Japanese comparative study [23] 40mg/day
of toremifene was as e�ective as 20 mg/day of tamoxi-
fen. Clinical studies in adjuvant treatment of breast
cancer with toremifene at both 40 and 60 mg daily doses
are currently ongoing [12]. First results indicate that
toremifene at 40 mg/day is as e�ective and safe as
tamoxifen at 20 mg/day in the adjuvant treatment of
postmenopausal women with node positive breast can-
cer. The aim of the present study was to compare hor-
monal and other clinical e�ects of toremifene at doses of
20 mg (TOR20), 40 mg (TOR40) and 60 mg (TOR60)
daily in the ®rst-line treatment of advanced, estrogen
receptor (ER) positive breast cancer in postmenopausal
women. The study complied with the WHO criteria and
the principles of the Helsinki declaration. Ethical com-
mittees in each site approved the study and the patients
gave their informed consent before randomization took
place.

Patients and methods

Study design

This was a multicenter, randomized, open label study which com-
pared TOR20, TOR40 and TOR60 in three parallel groups. The
biochemical variables were identi®ed as the changes in the non-
fasting patient's serum follicle stimulating hormone (FSH) and
luteinizing hormone (LH) and in sex hormone binding globulin
(SHBG) assayed by immunometric methods. Objective responses
and times to breast cancer progression were assessed for clinical

e�cacy. Adverse e�ects such as hot ¯ushes, nausea, vaginal dis-
charge, bleeding and liver function tests in terms of changes in
serum aspartate aminotransferase (ASAT) concentrations were
assessed for tolerability.

Patient selection

Patients who had undergone the menopause at least 2 years ago,
and who had histologically-veri®ed, previously untreated advanced
breast cancer were eligible for the study. They had to have at least
one measurable metastasis or osteolytic bone lesion. The breast
cancer had to be ER positive with an ER concentration of 10 fmol/
mg protein assessed by charcoal dextran methods, or be positive
when tested by immunohistochemical methods. Karnofsky per-
formance status had to be ³50% and the patients should not have
had any previous invasive malignancies. Those su�ering from se-
vere renal or hepatic insu�ciency (creatinine or bilirubin >2 mg/
dl) were excluded. Patients were eligible if they had had previous
adjuvant therapy, provided that at least 12 months had elapsed
between the discontinuation of the treatment and breast cancer
recurrence.

Randomization and treatment regimen

The patients were randomized centrally and strati®ed by the 26
centers in South Africa, France, UK and Italy. The study treat-
ments were one TOR20 tablet, two TOR40 tablets or one TOR60
tablet daily. No dose-modi®cations were allowed. Treatment was
scheduled for 3 months, after which patients with the disease sta-
bilized were allowed to be taken o� the study. Otherwise the
treatment was continued until breast cancer progression. Other
cancer treatment excluding local radiotherapy and/or steroids was
not allowed during the study.

Patient evaluation

Before being treated the patients were evaluated for physical and
performance status and for medical history. Samples were taken
for blood chemistry analysis and hemoglobin, leukocyte and
platelet counts. Breast cancer lesions were measured bidimen-
sionally or evaluated by chest X-ray, bone scan and liver ultra-
sonography. The patients were studied at 4-weekly intervals for
the ®rst 3 months. In the cases where treatment was continued
beyond 3 months the patients were seen at 4 months and every
3 months thereafter. Each individual laboratory value obtained
was compared with the laboratory reference-range of the hospital.
The response classi®cations were de®ned according to the WHO
criteria [20], as complete response (CR), partial response (PR), no
change (NC), or progressive disease (PD). To be in the NC cat-
egory in this analysis, the required response was stabilization of
the disease on two consecutive visits. Adverse events were re-
corded at each visit. The severity grading of adverse events was
based on the WHO guidelines [33].

Statistics

Sample size was estimated to ®nd a 20% di�erence in response
rates among TOR20, TOR40 and TOR60 arms with an overall
type I error rate (a) of 0.05 and a type II error rate (b) of 0.20.
Primary analysis of the data was done according to the ``intent to
treat'' principle. The time and treatment e�ect on the hormonal
variables was evaluated by analysis of covariance. Response rates
among the treatment groups were compared, by the Chi-square test
and by Fisher's exact test. Descriptive statistics were used to des-
cribe the patient-population. The Kaplan-Meier method was used
to estimate, and the Log-rank test was applied to compare the
treatment arms with regard to time-to-progression (TTP). All data
were independently veri®ed for correctness and subjected to both
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manual and computerized checks for logic and consistency before
being made available for statistical analysis.

Results

Patient-characteristics

Between October 1987 and April 1990, 260 patients (90
in the TOR20 group, 81 in TOR40 and 89 in TOR60)
were accrued. The pretreatment characteristics of the
patients were evenly balanced among the treatment arms
as shown in Table 1. Altogether 219 (84.2%) patients
(77 in the TOR20 group, 67 in TOR40 and 75 in
TOR60) were considered evaluable and eligible accord-
ing to the protocol criteria, with no di�erence among the
treatment groups. The most frequent reasons for patient
inevaluability were early withdrawals due to death, lost
to follow-up and protocol violation (31 patients), or not
evaluable for response assessment (10 patients). Eighty
people (29 in TOR20, 29 in TOR40 and 22 in TOR60)
completed at least 3 months of treatment and were as-
sessed for hormonal changes.

Biochemical e�ects

Serum FSH and LH decreased signi®cantly (P < 0.01)
reaching premenopausal levels after 7 months of treat-
ment (Figs. 1, 2). In the TOR20 group the change took
place slightly slower and there was a nonsigni®cant trend
of higher values in the TOR20 group during the ®rst
4 months of therapy. The SHBG in serum increased
signi®cantly (P < 0.01) in all treatment groups during
the ®rst 3 months. (Fig. 3). The most rapid change was
seen in the highest dosed group in which the maximum
concentration was reached after 2 months, whereas in
the TOR20 group, maximum concentration was reached
after 4 months.

Response rates

The response rates are shown in Table 2. There was a
statistically signi®cant di�erence among the three treat-
ment groups (P � 0.01), with TOR20 patients showing
response rates lower than those in the two other groups.
The di�erence between TOR20 and TOR60 was 8.2%

Table 1 Characteristics of
postmenopausal women with
advanced breast cancer, who
were randomized to receive
toremifene 20 mg/day
(TOR 20), 40 mg/day (TOR 40)
or 60 mg/day (TOR 60)

TOR 20 TOR 40 TOR 60

Patients (n) 90 81 89

Age (mean � SD, years) 65 � 10 66 � 10 65 � 10

Years since menopause <4 11 6 8
5±9 15 14 17
>10 58 58 62
Unknown 6 3 2

Performance status (ECOG) 0 33 26 27
1 36 29 41
2 19 19 18
3 1 4 1
Unknown 1 3 2

Disease status Recurrence 53 47 49
First diagnosis 37 34 40

Disease-free time (years) <1 3 2 4
1±5 31 31 25
>5 19 14 20
Unknown 37 34 40

Histology Inv. ductal 74 64 67
Inv. lobular 5 4 6
Other 11 13 16

Tumor ER Positive 88 79 87
Unknown 2 1 2
Negative ± 1 ±

Measurability Measurable 78 72 80
Bone 10 6 7
Non-measurable 1 2 1

Dominant site Primary 19 15 17
Soft tissue 20 22 12
Visceral 6 7 7
Skeletal 6 6 6
Multiple 13 8 11
Mult. skeletal 25 22 35
Other 1 1 1
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(P � 0.25), that between TOR40 and TOR60 was 6.9%
(P � 0.42) and between TOR20 and TOR40 it was
15.1% (P � 0.05). The results suggest that TOR20 was
less e�ective than the two other doses although only the
di�erence with TOR40 became statistically signi®cant.

Time-to-progression

At the time of data cut-o�, 164 (62.7%) of the patients
had experienced breast cancer progression. Of these, 13
(14.4%) in the TOR20 group, 7 (8.6%) in TOR40 and 10
(11.2%) in TOR60 were continuing on the study without
evidence of progression. Median TTP times were 206,
189 and 196 days in TOR20, TOR40 and in TOR60,
respectively, and no di�erence was seen among the
treatment groups (P � 0.91, Fig. 4).

Safety

Treatment-emergent adverse events are shown in
Table 3. Antiestrogen-type events such as hot ¯ushes,
nausea and leukorrhea were seen in all the groups.

Fig. 1 Mean follicle stimulating hormone (FSH) concentrations
(IU/l) in the serum of postmenopausal breast cancer patients
receiving toremifene 20 mg (TOR20, circles), 40 mg (TOR40,
squares) or 60 mg (TOR60, triangles) daily for at least 3 months

Fig. 2 Mean luteinizing hormone (LH) concentrations (IU/l) in the
serum of postmenopausal breast cancer patients receiving toremi-
fene 20 mg (TOR20, circles), 40 mg (TOR40, squares) or 60 mg
(TOR60, triangles) daily for at least 3 months

Fig. 3 Mean sex hormone binding globulin (SHBG) concentra-
tions (nmol/l) in the serum of postmenopausal breast cancer
patients receiving toremifene 20 mg (TOR20, circles), 40 mg
(TOR40, squares) or 60 mg (TOR60, triangles) daily for at least
3 months

Table 2 Best objective response in postmenopausal breast cancer
patients who were treated with toremifene 20 mg/day (TOR 20),
40 mg/day (TOR 40) or 60 mg/day (TOR 60). Response classes are
evaluated according to WHO as CR complete response, PR partial
response, NC no change (disease stabilized), PD progressive
disease, NE not evaluable, RR response rate

Response TOR 20 TOR 40 TOR 60

CR 11 10 6
PR 11 22 23
NC 38 16 21
PD 18 17 17
NE 12 16 22
Total 90 81 89

RR 24.4% 39.5% 32.6%

P = 0.014 Chi-square test
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Adverse events were seen in 21% of patients in the
TOR20 group, compared with 28 and 34% in the two
other groups (P � 0.20). There was a trend of less
adverse events in the TOR20 group when compared with
the TOR60 group (P � 0.07). Twelve of the events were
considered to be severe. Of these, six were seen in the
TOR20 group, two in TOR40 and four in TOR60. Of
the latter, two and two, respectively, were considered to
be treatment-related. Therapy was discontinued prema-
turely due to adverse events once in TOR20 and TOR60
and twice in TOR40. Ten patients died during the course
of the study; six of these received TOR60, three TOR40
and one TOR20. Most of the deaths were due to car-
diovascular or respiratory complications of metastatic
breast cancer. During the ®rst 3 months, serum SGOT
decreased in each treatment group (P < 0.01) with no
di�erences among the groups. SGOT values above the

reference ranges were seen in up to 11% of patients in
the TOR60 group during the ®rst 4 months of therapy.
The respective ®gure in the TOR20 group was 5%, and
no elevation in the levels in the group TOR40 patients
was seen. None of the raised values was considered to be
a clinical adverse event, and the di�erences among the
treatment groups were not statistically signi®cant.

Discussion

The present investigation is the ®rst clinical study to
compare the e�ects of three dose-levels of toremifene in
the treatment of advanced ER-positive breast cancer in
postmenopausal women. The aim of this study was to
assess hormonal and other clinical e�ects of the doses.

All three dose-levels had estrogenic e�ects in the
central nervous system (CNS) and liver, shown by the
decrease of FSH and LH, and the increase of SHBG in
serum, respectively. The observed changes tended to be
slower in the TOR20 group, although the premeno-
pausal ranges of FSH and LH were reached under all
dose regimens within 7 months, and the maximum es-
trogenic e�ect in the liver was attained by 4 months. The
continuing e�ect was somewhat surprising, because the
concentrations decreased further after reaching the ex-
pected steady state level of the drug. All doses from 20 to
60 mg daily had antiestrogenic activity, shown by a re-
duction in tumor volume in one third of the patients.
The lowest dose, 20 mg daily, was less e�ective in this
respect than the two other doses. However, when the
period from the start of therapy, to breast cancer pro-
gression was considered, the treatments were identical.
Patients with no response after 3 months were allowed
to be taken o� the study, and subsequently, further
patients in the TOR20 group discontinued the study,
without objective breast cancer progression being seen.
This may have had some e�ect on the TTP analysis,
favoring this group. Earlier studies [5, 9] have shown
that toremifene doses of up to 200 or 240 mg daily may
improve response rate but do not prolong TTP when
compared with standard toremifene or tamoxifen doses.
Steady-state concentrations of triphenylethylenes in se-
rum are reached after 4 to 6 weeks [1], and the possibility
remains that e�ective concentrations of the drug are
available earlier, with higher doses, allowing a more
rapid onset of an antitumor e�ect. In the present study
we could not see any clinical or biochemical di�erences
between the 40 and 60 mg daily doses. The treatments
were well tolerated and discontinuation due to toxicity
was rare. The observed toxicity was mostly related to the
drug's hormonal e�ects, such as menopausal-like
symptoms. Again, more events were seen with the
highest dose than with the lowest dose. More patients
with transiently elevated liver function tests have been
seen earlier on high-dose toremifene [6], indicating that
this may be a dose e�ect. Also, preclinical ®ndings [19]
suggested that dose-dependent liver stimulation may
take place. However, in this study, where an overall

Fig. 4 Time-to-progression in postmenopausal women with ad-
vanced breast cancer, who were treated with toremifene 20 mg
(TOR20, Ð), 40 mg (TOR40, áááá) or 60 mg (TOR60, - - -) daily

Table 3 Postmenopausal patients with adverse events (prevalence
³1%) during treatment of advanced breast cancer with toremifene
at 20 mg/day (TOR 20), 40 mg/day (TOR 40) or 60 mg/day
(TOR 60)

TOR 20 TOR 40 TOR 60
(n = 90) (n = 81) (n = 89)

Hot ¯ushes 10 (11%) 7 (9%) 14 (16%)
Nausea/vomiting 4 (4) 5 (6) 6 (7)
Leukorrhea 1 (1) 5 4 (4)
Thrombosis 1 3 (4) 1 (1)
Rash 1 ± 4
Dizziness 1 2 (2) 2
Headache 1 2 2
Gastroenteritis 3 (3) 1 (1) ±
Anorexia ± 2 1 (1)
Fatigue ± 1 2
Hypertension ± 2 1
Cardiac failure 1 1 1
Edema 1 ± 2
No. events 24 31 40
No. patients with events 19 (21%) 23 (28%) 30 (34%)
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lower dose-range of toremifene was used than in the two
other mentioned studies, no such dose-dependent e�ect
was seen.

The present results agree with those of the earlier
phase II and III studies, and con®rm that toremifene is
an e�ective drug for the treatment of ER-positive ad-
vanced breast cancer in postmenopausal women. Ac-
cording to phase I studies, toremifene at 20 mg/day is
the lowest dose with an antiestrogenic e�ect [13]. In this
investigation, the antiestrogenic e�ect of the dose was
con®rmed. However, the time to achieve maximum
hormonal e�ects tended to be longer with the 20 mg
dose, although the only statistically signi®cant di�erence
was seen in response rate. All dose regimens were well
tolerated. Adverse events, possibly related to hormonal
actions of toremifene, were seen in all three treatment
groups but again, there was a trend suggesting slightly
fewer events in the TOR20 group. No di�erences
whatsoever could be seen between toremifene 40 mg and
60 mg daily doses. Earlier, no di�erence in e�cacy
had been seen between tamoxifen at 20 mg and 40 mg
daily doses [2], suggesting that therapeutic-window of
triphenylethylene derivatives is wide, and that an
increase in the dose does not necessarily improve the
e�ect. Toremifene at 60 mg/day has been shown to be as
e�ective as tamoxifen at 20±40 mg/day [28], and recent
®ndings [12] demonstrate that 40 mg/day is at least as
e�ective as tamoxifen in breast cancer treatment.

Toremifene at 40 mg and 60 mg daily doses is a safe
and e�ective treatment for postmenopausal women with
ER-positive breast cancer. Similar antiestrogenic and
estrogenic e�ects are seen even with the lower 20 mg
daily dose, but the e�cacy of this possibly borderline
dose needs to be con®rmed.
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