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Abstract

Background: After the failure of a non-steroidal aromatase inhibitor (nsAI) for postmenopausal patients with
metastatic breast cancer (mBC), it is unclear which of various kinds of endocrine therapy is the most appropriate. A
randomized controlled trial was performed to compare the efficacy and safety of daily toremifene 120 mg
(TOR120), a selective estrogen receptor modulator, and exemestane 25 mg (EXE), a steroidal aromatase inhibitor.
The primary end point was the clinical benefit rate (CBR). The secondary end points were objective response rate
(ORR), progression-free survival (PFS), overall survival (OS) and toxicity.

Methods: Initially, a total of 91 women was registered in the study and randomly assigned to either TOR120
(n = 46) or EXE (n = 45) from October 2008 to November 2011. Three of the 46 patients in the TOR120 arm were
not received treatment, 2 patients having withdrawn from the trial by their preference and one having been
dropped due to administration of another SERM.

Results: When analyzed after a median observation period of 16.9 months, the intention-to-treat analysis showed
that there were no statistical difference between TOR120 (N = 46) and EXE (n = 45) in terms of CBR (41.3% vs. 26.7%;
P = 0.14), ORR (10.8% vs. 2.2%; P = 0.083), and OS (Hazard ratio, 0.60; P = 0.22). The PFS of TOR120 was longer than
that of EXE, the difference being statistically significant (Hazard ratio, 0.61, P = 0.045). The results in treatment-
received cohort (N = 88) were similar to those in ITT cohort. Both treatments were well-tolerated with no severe
adverse events, although the treatment of 3 of 43 women administered TOR120 was stopped after a few days
because of nausea, general fatigue, hot flush and night sweating.

Conclusions: TOR120, as a subsequent endocrine therapy for mBC patients who failed non-steroidal AI treatment,
could potentially be more beneficial than EXE.
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Background
The goal of treatment for metastatic breast cancer
(mBC) is to maintain the quality of life (QOL) and pro-
long survival of patients. When patients have non-life-
threatening metastases that are suspected to be hormone
sensitive (i.e., in breast cancer that is estrogen receptor
[ER]- or progesterone receptor [PgR]-positive), it is desir-
able to continue endocrine therapy as long as possible,
since the therapy itself has a minimal negative effect on
the QOL [1]. Non-steroidal aromatase inhibitors (nsAIs),
such as anastrozole and letrozole, have been mainly
employed as early recurrent treatment for postmeno-
pausal breast cancer [2,3]. When nsAI treatment fails, it is
unclear which endocrine therapy is the most appropriate.
Options include selective estrogen receptor modulators
(SERMs), fulvestrant, a selective ER down regulator
(SERD), and exemestane.
Exemestane (EXE) is a steroidal AI (sAI) with modest

androgenic activity, which was studied in a phase II trial
after documented progression during treatment with an
nsAI, and showed a clinical benefit rate (CBR) of 20-40%
[4]. Toremifene (TOR) is a SERM with a reported effi-
cacy for treatment of postmenopausal breast cancer
similar to that of tamoxifen (TAM) [5]. The usual dose
of TOR is 40 mg given orally once a day, however, high-
dose TOR (120 mg a day; TOR120) has been approved
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Figure 1 A consort diagram of this trial. A total of 91 women was rand
analyzed as intention-to-treat (ITT) cohort. Three of the 46 patients in the T
the trial by their preference and one having been dropped due to adminis
were analyzed the efficacy and safety as ‘treatment-received’ cohort. Three
TOR120 early because of adverse effects.
for use in Japan. High-dose TOR has been reported to
compete with estrogen at the ligand-binding site of the
ER, to suppress insulin-like growth factor-1-dependent
growth [6] and to have non-ER-dependent anti-tumor ef-
fects such as suppression of angiogenesis [7]. In our previ-
ous retrospective study (Hi-FAIR study), TOR120 showed
a CBR of 45% and ORR of 10% after prior AI [8].
In the present study, we conducted an open labeled,

randomized controlled trial for patients with postmeno-
pausal mBC that had progressed following the adminis-
tration of an nsAI. The effectiveness and safety of
TOR120 were compared to EXE.

Methods
Study design
The high-dose toremifene (Fareston®) for patients with
non-steroidal aromatase inhibitor-resistant tumor com-
pared to exemestane (Hi-FAIR ex) study group consists of
experts in breast cancer endocrine therapy from 15 facil-
ities (registry number UMIN000001841). This is a random-
ized, open labeled trial designed to compare the efficacy
and tolerability of toremifene 120 mg to exemestane in
postmenopausal women with hormone receptor positive
mBC with disease progression after prior nsAI treatment.
Study treatment continued until disease progression, in-
tolerable toxicity, or patient decision. Moreover, this trial
roidal aromatase inhibitor 
failure
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omly assigned to either TOR120 (n = 46) or EXE (n = 45), who were
OR120 were not received treatment, 2 patients having withdrawn from
tration of another SERM. Except for these 3 cases, 43 cases of TOR120
of 43 treatment-received patients with TOR120 were dropped out of
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has a crossover design: if a patient fails one treatment arm,
she is switched to the other arm if possible. This data will
be analyzed after 12 more months’ follow-up.
The primary end point of the study was clinical benefit

rate (CBR). Secondary end points included objective
response rate (ORR), progression free survival (PFS),
overall survival (OS), and tolerability. The trial was
designed to detect superiority of TOR120 compared
with EXE in terms of CBR. In the literature, the CBR of
Table 1 Patient and tumor characteristics at baseline

Characteristics

Number of the patients

Age; median (range)

Follow-up period (weeks); median (range)

Time elapsed after menopause (years); median (range)

Body Mass Index; median (range)

DFI in recurrent cases (months); median (range)

Estrogen Receptor status Positive

Negative

Unknown

Progesterone Receptor status Positive

Negative

Unknown

HER2 status Negative

Positive

Unknown

Main metastatic lesion

Visceral disease (main organ) Lung

Liver

Pleura

Non-visceral disease Bone

Soft tissue

Performance status (cases) 0,1

2

No. of previous therapies (%) 1

2

3

≥4

Previous aromatase inhibitor (%) Anastrozole

Letrozole

Previous treatment with tamoxifen (%)

Previous chemotherapy (%)

Sensitivity to previous aromatase inhibitor treatment;

Clinical Benefit Rate (%)

Duration of previous aromatase inhibitor(months); median (range)
TOR120 could be considered about 45% and that of
EXE as 30% [8-10]. To prove a probability of 90% that
TOR120 was superior 15% superior to EXE, 41 patients
were required for each group. To account for dropouts
and protocol violations, we planned to recruit 90 pa-
tients (45 in each treatment group). Additionally, this
trial is thought to be not actually a Phase II trial, but a
rather small Phase III trial designed to show a big differ-
ence between the 2 groups.
TOR120 EXE

46 45

63 (51–87) 62 (49–87)

69 (13–144) 81 (13–160)

13 (2–37) 13 (1–37)

22.9 (18.0-35.2) 23.4 (27.7-35.4)

70 (5–188) 60 (1–189)

45 42

0 1

1 2

27 31

17 11

2 3

43 40

1 1

2 4

10 10

7 6

5 3

9 (20%) 14 (31%)

15 12

45 44

1 1

28 29

41 42

24 18

9 11

48 47

52 53

21 24

44 38

17/23 (74%) 20/30 (67%)

17.1 (2.0-80.8) 17.6 (2.4-65.3)
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The first analysis was scheduled to take place at 13 weeks
after the last case was enrolled in the trial. The crossover
data would be analyzed at one year after the first analysis.

Patients
Key inclusion criteria of this study were as follows; the
patients are postmenopausal women (over 60 years old,
or over 45 years old with amenorrhea over 1 year and
follicle stimulating hormone levels within the postmeno-
pausal range), with breast cancer confirmed by patho-
logical diagnosis, who had progressive disease during or
after prior non-steroidal AI, who have at least one meas-
urable site or evaluable bone metastasis, who have ER
positive and/or PgR positive tumors in the primary or
metastatic site, who have anticipated survival of more
than 6 months and WHO performance status (PS) 1 or
PS2 due only to bone metastasis. This study included
patients with bone only (lytic or mixed) metastatic dis-
ease by assessing variation of serum tumor markers and
bone imaging, or, if possible, measuring the bone lesions
with CT or MRI. Up to one prior chemotherapy regimen
for the treatment of advanced/recurrent BC was allowed.
Use of tamoxifen for adjuvant treatment and for ad-
vanced breast cancer was also allowed.
Exclusion criteria included the presence of other active

malignancies, pregnancy or lactation, life-threatening
metastatic visceral disease, brain or leptomeningeal
metastasis, prior exposure to either TOR120 or EXE, ex-
tensive radiation or cytotoxic therapy within the last
4 weeks or being judged inappropriate by physicians. All
women provided written informed consent before
registration in the trial. The study was conducted in ac-
cordance with the ethical principles originating in the
Table 2 Efficacy analysis

Torem

Complete response 1

Partial response 4

Long stable disease (≥ 24 weeks) 14

Stable disease (< 24 weeks) 9

Progressive disease 12

* Withdrew prior to therapy 3*

** Drop out due to early adverse events (not evaluable) 3**

Intention-to-treat cohort N = 46

Clinical benefit rate% (95% CI) 41.3 (2

Response rate% (95% CI) 10.8 (4

Treatment-received cohort N = 43

Clinical benefit rate% (95% CI) 44.2 (3

Response rate% (95% CI) 11.6 (5

*Three patients of all 46 cases withdrew the protocol because of their preference o
assessed as ‘Treatment-received cohort’. **Three other patients dropped out of tore
CI; confidence interval, ITT; intention-to-treat.
Declaration of Helsinki and with local Institutional Re-
view Board approval at each participating center.
The ER, PgR, and human epidermal growth factor re-

ceptor 2 (HER2) status of each patient was analyzed at
each participating facility, if possible. Generally, ER and
PgR were measured by immunohistochemistry (IHC),
and positive and negative status was judged on the basis
of the standard criteria used at each facility, typically
with a cut-off level of 1%. HER2 was assayed by IHC
and/or FISH and in accordance with ASCO-CAP.

Endpoints and methods of evaluation
The tumor reduction effect was evaluated every 8 weeks
based on Response Evaluation Criteria in Solid Tumors
(RECIST) [11]. A complete response (CR) was defined
as the complete disappearance of the measurable lesions;
a partial response (PR) as a decrease by 30% or more in
the sum of the longest diameters (LDs) of measurable le-
sions; progressive disease (PD) as an increase of 20% or
more in the sum of the LDs of measurable lesions; and
long lasting stable disease (long SD) as no change in the
size of measurable lesions for 24 weeks or longer. The
objective response rate (ORR) was defined as the sum of
the frequencies of CR and PR and the clinical benefit rate
(CBR) as the sum of the frequencies of CR, PR and long
SD. Patients with only bone metastasis were included in
the progression analysis by measuring changes in serum
tumor markers, such as CEA, CA15-3. Specifically, reduc-
tion in tumor markers and complete calcification, with
improvement of bone symptoms were judged to be PR.
Adverse events were evaluated using the National

Cancer Institute Common Toxicity Criteria, Version 4.
Efficacy was judged by the clinicians at each facility. The
ifene 120 mg Exemestane 25 mg P value

1

0

11

9

24

0

0

N = 45

8.3-55.7) 26.7 (16.0-41.0) 0.14

.7-23.0) 2.2 (0.39-11.6) 0.083

N = 45

0.4-58.9) 26.7 (13.0-40.1) 0.085

.1-24.5) 2.2 (1.2-16.7) 0.069

r protocol violation prior to treatment. Except for these 3 cases, 43 cases were
mifene 120 mg group due to early adverse events.
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Figure 2 Kaplan-Meier progression-free survival and overall survival curves. a. The median progression free survival (PFS) in toremifene
120 mg/day (TOR120) was 7.3 months and that in exemestane 25 mg/day (EXE) was 3.7 months, which showed a statistically significant
difference with a hazard ratio of 0.61 (95% Confidence Interval; 0.38-0.99, P = 0.045). b. Kaplan-Meier overall survival (OS) curves in the TOR120
and EXE. The median OS in TOR120 was 32.3 months and that in EXE was 21.9 months, which showed no statistical difference with a hazard ratio
of 0.60 (95% CI; 0.26-1.39, P = 0.22) by log-rank test.
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cases that were thought to be difficult to evaluate were
independently reviewed and judged by the clinical trial
office, Kumamoto University.

Statistical analysis
SAS was used for statistical analyses of the correlation
between therapeutic effects and clinicopathological
factors. Unpaired groups were compared using an un-
paired t-test and paired groups were compared using
Fisher’s exact test. PFS and OS were analyzed using the
Kaplan-Meier method and the results were compared by
log-rank test.

Results
Baseline characteristics and medical history of patients
Initially, a total of 91 women was registered in this study
and randomly assigned to either TOR120 (n = 46) or
EXE (n = 45) from October 2008 to November 2011
(Figure 1). These patients were analyzed as intention-
to-treat (ITT). Three of the 46 patients in the TOR120
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Figure 3 Subgroup analyses of consistent results for clinical
benefit; There were no statistical significant differences.

Table 3 Adverse Events of toremifene 120 mg and
exemestane 25 mg in 88 treated patients

TOR120 (n = 43) EXE (n = 45)

Grade1,2 Grade3,4 Grade1,2 Grade3,4

Nausea 4* 0 1 0

Fatigue 3* 0 1 0

Hot flush 3* - 1 -

Night sweating 3* - 0 -

Vaginal bleeding,
discharge

2 - 0 -

Joint pain, disorder 1 - 2 -

Liver dysfunction 1 0 1 0

Exanthema 1 0 0 0

* Three of 43 women treated with toremifene 120 mg were withdrawn from
the trial in a few days because of early nausea, fatigue, hot flush and night
sweating, which were appeared in same 3 patients.

Yamamoto et al. BMC Cancer 2013, 13:239 Page 6 of 9
http://www.biomedcentral.com/1471-2407/13/239
arm were not received treatment, 2 patients having with-
drawn from the trial by their preference and one having
been dropped due to administration of another SERM.
Except for these 3 patients, forty-three patients with
TOR120 were analyzed the efficacy and safety as the
treatment-received patients (n = 88) (Figure 1).
There was no difference between TOR120 (N = 46)

and EXE (N = 45) arm in the patients’ characteristics as
listed in Table 1. The median age was 62.2 years (range,
49 to 87) and the median observation period was 72 weeks
(range 13–160). Almost of all patients had ER-positive
(96%) and HER2-negative (91%) tumors. At the start of
the treatment, 20 of the TOR120 arm (44%) and 19 of
EXE arm (42%) had visceral metastases, such as metastasis
to the lung, liver, or pleura. However, the EXE arm had a
slightly greater number of women with bone metastasis
(31%, 14/45) than the TOR120 arm (20% 9/46). CBR of
the TOR120 arm during treatment with the prior nsAI for
ABC was 74% (17/23), and that of EXE arm was 67% (20/
30), which was not statistically significant. Approximately
40% of the patients had received chemotherapy for MBC
before this trial. Trastuzumab was not used either before
or during the trial.

Efficacy
Intention-to-treat analysis at a median observation
period of 16.9 months showed that there was no statis-
tical significant difference between TOR120 (N = 46) and
EXE (N = 45) in terms of CBR (41.3% vs. 26.7%; P = 0.14)
and ORR (10.8% vs. 2.2%; P = 0.083) (Table 2). The me-
dian PFS in TOR120 was 7.3 months and that in EXE
was 3.7 months, which showed a statistically significant
difference with a hazard ratio of 0.61 (95% Confidence
Interval, 0.38-0.99), P = 0.045 (Figure 2a). The median
OS in TOR120 was 32.3 months and that in EXE was
21.9 months, which showed no statistical difference with
a hazard ratio of 0.60 (95% CI; 0.26-1.39), P = 0.22
(Figure 2b).
In the treatment-received samples, there was neither

between TOR120 (N = 43) and EXE (N = 45) in terms of
CBR (44.2% vs. 26.7%; P = 0.085) nor ORR (11.6% vs.2.2;
P = 0.069) (Table 2). Duration of response has not yet
been analyzed, because twelve patients (27.9%) of the
TOR120 arm and 6 patients (13.3%) of the EXE arm
were still being treated at the median observation period
of 72 weeks.

Subgroup analysis
In an investigation of the consistency of treatment effect
across the predefined covariates, there were no statisti-
cally significant differences. For examples, there was no
correlation between the superiority of TOR120 and
patients’ age, time since menopause, body mass index,
baseline performance status, response to previous AI,
presence or absence of viscera metastasis, number of
previous hormonal therapies, previous tamoxifen treat-
ment, previous chemotherapy or PgR status (Figure 3).
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Adverse events
Three of 43 women treated by TOR120 withdrew after a
few days because of nausea, fatigue, hot flush, and night
sweating, which were thought to be endocrine-related
symptoms. Except for these 3 cases, both treatments
were well tolerated with no severe adverse events
(Table 3).

Discussion
In our report, a randomized controlled trial was per-
formed to compare the efficacy and safety of daily
toremifene 120 mg (TOR120; N = 46) and exemestane
25 mg (EXE; N = 45). Although there were no statistical
difference between TOR120 and EXE in terms of CBR
(P = 0.14), ORR (P = 0.083) and OS (P = 0.22), the PFS of
TOR120 was longer than that of EXE (P = 0.045). These
results suggested that TOR120, as a subsequent endo-
crine therapy for mBC who failed non-steroidal AI treat-
ment, could potentially be more beneficial than steroidal
AI. Both treatments were well-tolerated with no severe
adverse events.
Various endocrine therapies are indicated for postop-

erative adjuvant therapy of hormone-dependent and re-
current breast cancer [2]. Particularly indicated in cases
of postmenopausal breast cancer are treatments that
modulate ER function using SERMs and SERDs as well
as powerful and highly selective treatments that suppress
estrogen synthesis using third-generation AIs. AIs are
considered the agent of first choice for endocrine ther-
apy in TAM-failure cases. Especially, nsAIs have been
primarily used in postoperative adjuvant therapy or as
first line treatment for recurrence. The question arises
as to the best choice of subsequent endocrine agent for
cases that are refractory to AI.
Table 4 The efficacy of subsequent endocrine therapy for adv
non–steroidal aromatase inhibitor

Author; Journal, year (Trial name) Line D

Lϕnning; J Clin Oncol, 2000 [9] 2nd ~ 4th ns

Iaffaioli; Br J Cancer, 2005 [10] 2nd ~ 3rd AN

Steele; Breast, 2005 [4] 2nd~ > 4th ns

Thürlimann; Eur J Cancer, 2003 [13] 2nd AN

Chia; J Clin Oncol, 2008 (EFECT) [12] 2nd~ > 4th ns

ns

Yamamoto; Breast Cancer, 2010 (Hi-FAIR) [8] 2nd~ > 4th AI

Di Leo; J Clin Oncol, 2010 [14] 2nd AI

AI

Bachelot T: J Clin Oncol. 2012 (TAMRAD) [17] 2nd~ > 4th ns

ns

Baselga; N Engl J Med, 2012 (Bolero2) [16] 2nd ~ 4th ns

ns

nsAI: non-steroidal aromatase inhibitor, EXE: exemestane, ANA: anastrozle, TAM: tam
One option is another AI, such as EXE, which has a
steroidal structure and different mechanism of suppress-
ing aromatase activity. Lϕnning et al. [9] reported that
the ORR and CBR of EXE after nsAI failure (n = 105)
were 4.8% and 20.0%, respectively. In other reports, the
CBR of EXE after nsAI failure was around 45% in the
second or third line endocrine therapy [1,10]. Chia et al.
[12] reported that the ORR and CBR of EXE after nsAI
failure (n = 270) as a control arm in their trial were 7.4%
and 32.2%, respectively (Table 4).
SERMs provide a second option: their various ligand-

dependent effects are enhanced by the lower estrogen
concentrations in breast cancer tissues that follow treat-
ment with AIs. The ORR and CBR of TAM treatment
after nsAI failure (N = 95) were 7.4% (7 cases) and 56.8%
(54 cases), respectively [13]. We previously analyzed the
efficacy of TOR120 in 80 AI-failure cases: the ORR and
CBR were 15% and 45%, respectively, and the median
TTF was 7.8 months, which demonstrated satisfactory
efficacy outcomes, although this study was retrospective
[8] (Table 4). High-dose TOR was reported to compete
with estrogen at the site of the ER, to suppress insulin-
like growth factor-I-dependent growth [6] and to have
non-ER-dependent anti-tumor effects such as suppres-
sion of angiogenesis [7].
A third option is the use of much stronger endocrine

therapy, such as SERDs, especially high-dose fulvestrant
(500 mg on the first day, day 14, and day 28, followed by
500 mg/4 weeks thereafter), which produced a signifi-
cant increase in PFS compared with the conventional
250 mg regimen [14]. Unfortunately, high-dose fulvestrant
was not approved in Japan until the end of 2011, so we
could not include it in the present study. Our group of in-
vestigators is conducting another comparative study of
anced breast cancer who have failed to respond to

esign n ORR (%) CBR (%)

AI→ EXE 105 4.8 20.0

A→ EXE 50 8.0 44.0

AI→ EXE 114 5.0 46.0

A→ TAM 119 10.1 48.7

AI→ FUL loading dose 270 7.4 32.2

AI→ EXE 270 6.7 31.5

s→ TOR120 80 15.0 45.0

or SERM→ FUL500 362 9.1 45.6

or SERM→ FUL250 374 10.2 39.6

AI→ TAM 57 13.0 42.1

AI→ TAM + RAD001 54 14.0 61.1

AI→ EXE 239 0.4 18.0

AI→ EXE + RAD001 484 9.5 33.4

oxifen, FUL: fulvestrant, SERM: selective estrogen receptor modulator.
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high-dose fulvestrant with TOR120 in patients with AI-
unresponsive tumors.
The three preceding options all target ER signaling,

but some breast cancers become resistant to such ther-
apies. Several molecular mechanisms have been pro-
posed to be responsible for endocrine resistance. Loss of
ER expression, altered activity of ER coregulators, de-
regulation of apoptosis and cell cycle signaling, and
hyperactive receptor tyrosine kinase (RTK) and stress/
cell kinase pathways can collectively orchestrate the de-
velopment and sustenance of pharmacologic resistance
to endocrine therapy [15].
Thus, a fourth category of therapies involves membrane-

bound receptors for growth factors, such as the human
EGF receptor (HER) family or insulin like growth factor re-
ceptor, which are active even in estrogen-dependent tu-
mors. Treatment that combines endocrine therapy with
inhibition of these growth factor receptors, or molecularly
targeted treatment to inhibit their signal transmission, can
be effective. mTOR (mammalian target of rapamycin) is a
serine/threonine kinase in the downstream Akt pathway,
which strongly affects cell survival and proliferation.
Recently, the phase III, Borelo2 trial, found that com-

bination treatment with everolimus, an mTOR inhibitor,
and exemestane had a statistically significant beneficial
effect compared with exemestane alone in ORR (7.4% vs.
0.4%, respectively), and PFS (10.6 months vs. 4.1 months,
respectively) [16]. Furthermore, another randomized
phase II trial, the TAMRAD trial, comparing the com-
bination everolimus and tamoxifen with tamoxifen alone
showed a better CBR (61% vs. 42%) and longer TTP
(8.6 months vs. 4.5 months) for the combination [17].
Interestingly, the efficacy of their control arms was simi-
lar to our results. ORR of EXE in Bolero 2 trial was 0.4%
and 2.2% in ours, and CBR of TAM was 42% in the
TAM-RAD trial and 41.3% in ours (Table 4). This fur-
ther increases our confidence in our results.

Conclusions
In summary, our study suggests that TOR120 should be
regarded favorably as a subsequent endocrine therapy
for recurrent breast cancer with non-steroidal AI failure,
though with due attention to adverse symptoms, such as
nausea and general fatigue. When choosing a subsequent
endocrine therapy, it is important to select one that has
endocrine therapy which has different mechanisms from
prior therapy.

Competing interests
All authors have declared no conflicts of interest.

Authors’ contributions
All authors have made substantial contributions to conception and design,
or acquisition of data, or analysis and interpretation of data. All authors have
been involved in drafting the manuscript or revising it critically for important
intellectual content. All authors have given final approval of the version to
be published.

Acknowledgements
The authors thank other investigators, Dr. R. Nishimura and Dr. T Ohsako;
Kumamoto City Hospital, Dr. T Imai and Dr. M Sawaki; Nagoya University, Dr.
T Yamashita; Tokyo Metropolitan Komagome Hospital, Dr. Y Ito; Nagoya
Higashi Municipal Hospital, Dr. T Otake; Fukushima Medical School, Dr. I
Kimijima; Northern Fukushima Medical Center, and thank Mrs. A Iikura-Okabe
for her data management of this trial.

Author details
1Department of Molecular-Targeting Therapy for Breast Cancer, Kumamoto
University, Kumamoto, Japan. 2Department of Surgery, Yokohama City
University Medical Center, Yokohama, Japan. 3Department of Breast
Oncology, Jichi Medical University Hospital, Shimotuke, Japan. 4Department
of Breast and Thyroid Surgery, Fukuyama City Hospital, Hiroshima, Japan.
5Department of Breast Oncology, Aichi Cancer Center Hospital, Aichi, Japan.
6Department of Breast and Endocrine Surgery, Hokkaido University Hospital,
Sapporo, Japan. 7Department of Breast and Endocrine Surgery, Nagoya City
University, Nagoya, Japan. 8Department of Breast Surgery, Yokohama Rosai
Hospital, Yokohama, Japan. 9Department of Target Therapy Oncology, Kyoto
University Graduate School of Medicine, Kyoto, Japan. 10Department of
Breast and Endocrine Surgery, Kumamoto University, Honjo 1-1-1, Chuo-ku,
Kumamoto 860-8556, Japan.

Received: 26 January 2013 Accepted: 12 May 2013
Published: 16 May 2013

References
1. Hortobagyi GN: Novel approaches to the management of bone

metastases in patients with breast cancer. Semin Oncol 2002,
29(3 Suppl 11):134–144.

2. Iwase H: Current topics and perspectives on the use of aromatase
inhibitors in the treatment of breast cancer. Breast Cancer 2008,
15(4):278–290.

3. Howell SJ, Johnston SR, Howell A: The use of selective estrogen receptor
modulators and selective estrogen receptor down-regulators in breast
cancer. Best Pract Res Clin Endocrinol Metab 2004, 18(1):47–66.

4. Steele N, Zekri J, Coleman R, Leonard R, Dunn K, Bowman A, Manifold I,
Kunkler I, Purohit O, Cameron D: Exemestane in metastatic breast cancer:
effective therapy after third-generation non-steroidal aromatase
inhibitor failure. Breast 2006, 15(3):430–436.

5. Pyrhonen S, Ellmen J, Vuorinen J, Gershanovich M, Tominaga T, Kaufmann
M, Hayes DF: Meta-analysis of trials comparing toremifene with
tamoxifen and factors predicting outcome of antiestrogen therapy in
postmenopausal women with breast cancer. Breast Cancer Res Treat 1999,
56(2):133–143.

6. Kuroiwa S, Maruyama S, Okamoto K, Morino T: Toremifene inhibits IGF-1
stimulated cell growth of breast cancer by inhibiting the MAPK signaling
pathway. Therapeutic Res 2012, 33(4):571–578.

7. Ruohola JK, Valve EM, Karkkainen MJ, Joukov V, Alitalo K, Harkonen PL:
Vascular endothelial growth factors are differentially regulated by
steroid hormones and antiestrogens in breast cancer cells. Mol Cell
Endocrinol 1999, 149(1–2):29–40.

8. Yamamoto Y, Masuda N, Ohtake T, Yamashita H, Saji S, Kimijima I, Kasahara
Y, Ishikawa T, Sawaki M, Hozumi Y, et al: Clinical usefulness of high-dose
toremifene in patients relapsed on treatment with an aromatase
inhibitor. Breast Cancer 2010, 17(4):254–260.

9. Lonning PE, Bajetta E, Murray R, Tubiana-Hulin M, Eisenberg PD, Mickiewicz
E, Celio L, Pitt P, Mita M, Aaronson NK, et al: Activity of exemestane in
metastatic breast cancer after failure of nonsteroidal aromatase
inhibitors: a phase II trial. J Clin Oncol 2000, 18(11):2234–2244.

10. Iaffaioli RV, Formato R, Tortoriello A, Del Prete S, Caraglia M, Pappagallo G,
Pisano A, Gebbia V, Fanelli F, Ianniello G, et al: Phase II study of sequential
hormonal therapy with anastrozole/exemestane in advanced and
metastatic breast cancer. Br J Cancer 2005, 92(9):1621–1625.

11. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, et al: New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer 2009, 45(2):228–247.



Yamamoto et al. BMC Cancer 2013, 13:239 Page 9 of 9
http://www.biomedcentral.com/1471-2407/13/239
12. Chia S, Gradishar W, Mauriac L, Bines J, Amant F, Federico M, Fein L, Romieu
G, Buzdar A, Robertson JF, et al: Double-blind, randomized placebo
controlled trial of fulvestrant compared with exemestane after prior
nonsteroidal aromatase inhibitor therapy in postmenopausal women
with hormone receptor-positive, advanced breast cancer: results from
EFECT. J Clin Oncol 2008, 26(10):1664–1670.

13. Thurlimann B, Robertson JF, Nabholtz JM, Buzdar A, Bonneterre J: Efficacy
of tamoxifen following anastrozole (‘Arimidex’) compared with
anastrozole following tamoxifen as first-line treatment for advanced
breast cancer in postmenopausal women. Eur J Cancer 2003,
39(16):2310–2317.

14. Di Leo A, Jerusalem G, Petruzelka L, Torres R, Bondarenko IN, Khasanov R,
Verhoeven D, Pedrini JL, Smirnova I, Lichinitser MR, et al: Results of the
CONFIRM phase III trial comparing fulvestrant 250 mg with fulvestrant
500 mg in postmenopausal women with estrogen receptor-positive
advanced breast cancer. J Clin Oncol 2010, 28(30):4594–4600.

15. Hayashi S, Yamaguchi Y: Estrogen signaling pathway and hormonal
therapy. Breast Cancer 2008, 15(4):256–261.

16. Baselga J, Campone M, Piccart M, Burris HA 3rd, Rugo HS, Sahmoud T,
Noguchi S, Gnant M, Pritchard KI, Lebrun F, et al: Everolimus in
postmenopausal hormone-receptor-positive advanced breast cancer.
N Engl J Med 2012, 366(6):520–529.

17. Bachelot T, Bourgier C, Cropet C, Ray-Coquard I, Ferrero JM, Freyer G,
Abadie-Lacourtoisie S, Eymard JC, Debled M, Spaeth D, et al: Randomized
phase II trial of everolimus in combination with tamoxifen in patients
with hormone receptor-positive, human epidermal growth factor
receptor 2-negative metastatic breast cancer with prior exposure to
aromatase inhibitors: a GINECO study. J Clin Oncol 2012, 30(22):2718–2724.

doi:10.1186/1471-2407-13-239
Cite this article as: Yamamoto et al.: Randomized controlled trial of
toremifene 120 mg compared with exemestane 25 mg after prior
treatment with a non-steroidal aromatase inhibitor in postmenopausal
women with hormone receptor-positive metastatic breast cancer. BMC
Cancer 2013 13:239.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration number

	Background
	Methods
	Study design
	Patients
	Endpoints and methods of evaluation
	Statistical analysis

	Results
	Baseline characteristics and medical history of patients
	Efficacy
	Subgroup analysis
	Adverse events

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


