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Background: Oestrogens usually stimulate the progression of oestrogen receptor (ER)-positive breast cancer. Paradoxically,
high-dose oestrogens suppress the growth of these tumours in certain circumstances.

Methods: We prospectively examined the efficacy and safety of ethinylestradiol treatment (3 mg per day oral) in postmenopausal
patients with advanced or recurrent ER-positive breast cancer who had previously received endocrine therapies, especially those
with resistance to aromatase inhibitors.

Results: Eighteen patients were enrolled with the median age of 63 years and the mean observation time of 9.2 months. Three
cases withdrew within 1 week due to oestrogen flare reactions with nausea, fatigue and muscle-skeletal pain. The response rate
was 50% (9 out of 18), and the clinical benefit rate was 56% (10 out of 18). The stable disease (o6 months) was 17% (3 out of 18) and
another 2 cases were judged as progressive disease. Time-to-treatment failure including 2 on treatment was a median of 5.6
months (range 0.1 to 14.5þ ). Although vaginal bleeding or endometrial thickening was observed in patients receiving long-term
treatment, there were no severe adverse events, such as deep venous thrombosis or other malignancies.

Conclusion: Although the mechanism of this treatment has not been fully understood, our data may contribute to change the
common view of late-stage endocrine therapy.

The goal of treatment for metastatic breast cancer (mBC) is to
maintain the quality of life (QOL) and prolong survival of patients.
Recently, the third-generation aromatase inhibitors (AI), such as
anastrozole, letrozole and exemestane, have been mainly employed
as an adjuvant therapy or an early recurrent treatment for
postmenopausal breast cancer (Iwase, 2008). When AI treatment
fails, it is unclear which endocrine therapy is the most
appropriate. Options include selective oestrogen receptor

modulators (SERMs) and fulvestrant, a selective ER downregulator
(SERD). The hormone additive therapies, such as progestins
(medroxyprogesterone acetate), androgen (fluoxymesterone), and
oestrogen (ethinylestradiol; EE2) have also been advocated as
endocrine therapies for mBC (Carlson et al, 2012).

Oestrogen usually stimulates the progression of ER-positive
breast cancer. Paradoxically, high-dose oestrogens (HDE) suppress
breast cancer growth in certain circumstances, particularly after
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long-term oestrogen depletion. Recently, Ellis et al (2009) reported a
phase 2 randomized trial in postmenopausal women with hormone
receptor-positive, AI-resistant advanced disease, comparing 30 mg
estradiol (E2, 10 mg, ter in die (TID)) with 6 mg (2 mg, TID) to
specifically address whether exposure to third-generation AI
treatment sensitises advanced ER-positive breast cancer to lower,
better tolerated, and safer doses of oestrogen. They concluded that a
daily dose of 6 mg E2 provided a clinical benefit rate (CBR) similar to
that of 30 mg, with fewer serious adverse events.

Although EE2 (Prosexol) was approved in Japan in the 1970s for
late-stage mBC, no precise clinical data is available. To determine
the efficacy and safety of EE2, especially after resistance to prior
AIs, we attempted a prospective observational study using 3 mg
daily EE2 for postmenopausal patients with heavily pre-treated
mBC.

PATIENTS AND METHODS

Design. This trial was approved by the institutional review board
of Kumamoto University Hospital and registered to the university
hospital medical information network (UMIN) centre
(UMIN000002831). Eligible patients had received prior treatment
with an AI and heavily pre-treated by sequential endocrine
therapies including chemotherapies for mBC. Menopause status
was defined as age X50 years and amenorrhoea for 1 year or
serum follicle-stimulating hormone (FSH) and E2 levels in the
postmenopausal range before the prior AI therapy. Adequate
haematological, renal, and hepatic function was required and
treatment with bisphosphonate was adopted for all patients with
bone metastasis. Ineligibility criteria were adopted if the case had
other active malignancies and had a past history of deep venous
thrombosis, stroke, ischaemic heart disease and endometrial
disorder.

We initially conducted a phase 2 randomized trial in
postmenopausal women with AI-resistant advanced disease to
compare 6 mg EE2 (2 mg, TID) and 3 mg (1 mg, TID). In a pilot
study of this trial, two of four cases treated with 3 mg per day had
response to the therapy, one had stable disease for 4 months, and
one withdrew because of early oestrogen flare reactions with
nausea, general fatigue, muscle-skeletal pain and slight fever. Upon
consideration of these results, we changed the study design to
determine the efficacy and safety of EE2 (3 mg per day) as a
prospective observational trial. Patients were included only after
the trial had been explained to them, and they had given their
written informed consent to join the trial.

The primary endpoint was CBR with secondary endpoints of
safety, objective response rate (ORR) and time-to-treatment failure
(TTF), which is the duration of treatment (in months) of patients
who have failed on treatment including those with adverse events
and also including patients still on treatment. The interim data was
analysed because of the extremely beneficial results described as
below. Moreover, when the patients felt any intolerable adverse
effects after decreasing the daily dosage of EE2 to 2.0 mg or 1.5 mg,
the treatment was stopped. Additionally, 3 mg per day EE2 was
regarded as high dose, because when EE2 was used for avoiding the
menopausal and postmenopausal symptoms, 10–50 mg orally per
day was usually sufficient.

Patients. The characteristics of patients treated by 3 mg per day
EE2 are demonstrated in Table 1. Eighteen postmenopausal breast
cancer patients with heavily pre-treated mBC were registered from
October 2010 to January 2012. We evaluated the data at a mean
observation time of 9.1 months. The patients’ median age of EE2
treatment was 63 (range; 56–83) years. Four cases had primary
advanced tumour (stage IV). All of the patients had been heavily

treated in the advanced setting by a median of four prior endocrine
therapies (range 2–7) and 10 of the 18 (56%) had received a
median of three prior chemotherapies (range 1–4). Prior endocrine
treatement consisted of non-steroidal AIs in 13 cases (72%)
(letrozole in 7 and anastrozole in 6) or steroidal AIs in four cases
(22%), and exemestane with everolimus in one case (Table 1).

Oestrogen receptor (ER), progesterone receptor (PgR), and
human epidermal growth factor receptor 2 (HER2) were estimated
mainly by immunohistochemical assays using monoclonal anti-
bodies against ER (SP1; Ventana Japan, Tokyo, Japan), PgR (1E2;
Ventana, Japan) and Her2 (1 : 200; Dako, Tokyo, Japan); staining
was carried out in a NexES IHC immunostainer (Ventana Medical
Systems, Tucson, AZ, USA) (Yamamoto-Ibusuki et al, 2013). The
status of ER and PgR was evaluated based on the percentage
of positively stained nuclei. HER2 was evaluated using the
HercepTest method (Dako) in accordance with ASCO-CAP
(Vergara-Lluri et al, 2012). In several cases we were not able to
analyse the receptor status in our laboratory because of long
preservation time or missing samples.

Endpoints and methods of evaluation. Baseline evaluation
included physical examination, blood and biochemical examina-
tion, blood coagulation and fibrinolysis examination (APTT,
D-dimer), and assays of E2 and FSH in serum. In general, bone
scans, and computed tomography or positron emission tomogra-
phy scans of the chest, abdomen, and pelvis were performed at
base-line. Patients were evaluated at 4-week intervals by physical
examination and blood work similar to baseline.

The tumour reduction effect was evaluated in accordance with
the Response Evaluation Criteria in Solid Tumors (RECIST)
(Eisenhauer et al, 2009) at 8- or 12-week intervals or earlier if
symptoms warranted. A complete response (CR) was defined as
the complete disappearance of the measurable lesions; a partial
response (PR) as a decrease by X30% in the sum of the longest
diameters (LDs) of measurable lesions; 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
(NC) in the size of measurable lesions for X24 weeks.
The objective response rate (ORR) was defined as the sum of
the frequencies of CR and PR, and the 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 tumour markers, such as CEA and CA15-3.
Specifically, reduction in tumour markers and complete calcifica-
tion, with improvement of bone symptoms were judged to be PR.
Additionally, serum levels of E2 and FSH were measured by
enzyme immunoassay before treatment and after 4 weeks of
administration. Adverse events were evaluated using the National
Cancer Institute Common Toxicity Criteria, Version 4 (2009).
Efficacy were independently reviewed and judged by the clinical
trial office, Kumamoto University.

RESULTS

Efficacy of EE2 treatment. The efficacy results are shown in
Table 2. Three of the 18 cases withdrew from EE2 administration
within a few days because of their early oestrogen flare reactions,
such as muscle skeletal pain, nausea, general fatigue and fever.
Nine cases were evaluated as PR, one case as long SD, three cases as
SD, and another two cases as PD. Altogether, the ORR was 50%
(9 out of 18) and the CBR was 56% (10 out of 18) in intention-to-
treat (ITT) analysis. Time-to-treatment failure in the ITT cohort
(n¼ 18) including two ongoing cases was a median of 5.6 months
(range 0.1–14.5þ ). Additionally, TTF in the 10 ‘experiencing
clinical benefit’ including 2 ongoing cases was a median of
8.2 months (range 5.4–14.5þ ) (Figure 1). Seven of the 10 cases
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experiencing clinical benefit had responded to prior endocrine
therapy, whereas only 2 of the 5 cases ‘non-experiencing clinical
benefit’ had responded to it.

ER, PgR, and HER2 expression levels in the biopsy samples. All
of the cases had ER-positive tumours in primary and/or metastatic
sites as shown in Table 1. In 10 of the 18 cases, the expression of
ER and PgR in the metastatic site prior to EE2 treatment was
evaluated by IHC. Oestrogen receptor expression levels were high,
with 80–95% positive staining in the tumour cells, but there were
no differences in expression between patients who responded to
EE2 treatment and those who did not. The expression of PgR
varied from 0% to 95%, with no relation to EE2 response. All 10
cases were HER2-negative.

In addition, ER and PgR expression levels were measured in five
biopsy samples from among the above 10 cases during or after EE2
treatment. The ER levels tended to decrease, whereas the PgR levels
tended to increase, although due to intratumoral heterogeneity the
changes were not statistically significant (data not shown).

Serum levels of E2 and FSH. Serum E2 was elevated from the
beginning level of 12±3 pg ml� 1 (mean±standard deviation
(s.d.)) to 43±27 pg ml� 4 weeks later, and serum FSH was
suppressed from the beginning level of 55±20 mIU ml� 1

Table 2. Efficacy of ethinylestradiol

Efficacy
Number of

patients
Intention-to-treat
cases (%) (n¼18)

Complete response 0 0

Partial response 9 50

Long stable disease 1 5

Clinical benefit rate 10 55

Stable disease 3 17

Progressive disease 2 11

Withdrew cases in a
week

3 17

Table 1. Characteristics of patients treated by 3 mg ethinylestradiol

No
Age of EE2
treat-ment

DFI
(year) Sites of disease

Previous therapies
for metastasis

Best
response
prior ET

% of ER-
positive

cells

% of PgR-
positive

cells
HER2-

IHC

Best
response
of EE2

TTF
(months)

1 70 6.1 Local, lung E, A, Tor, L PR (þ ) (þ ) (� ) PR 12.6

2 70 10.0 Bone, lung, liver L, Eþ everolimus Long SD 95 20 2þ PR 5.4

3 79 6.0 Bone, pleura Tam, A, MPA, E, L, S-1,
PTX, Tor, VNR, A

PR 95 80 2þ PR 8.2

4 59 4.6 Liver, local LHRHaþTam,
LHRHaþ A, L, S-1,

VNR, PTX, E

PR 95 5 1þ PR 14.0

5 62 4.3 Skin, Sc LN
(supraclavicular

lymph node)

E, EC, DTX, XC, L Long SD 90 0 1þ PR 14.5

6 64 5.9 Soft tissue, Cervical
LN

E, M, Tam, L, S-1, A PD 95 50 0 PR 11.9

7 61 3.3 Soft tissue, pleura Ta, E, A, MPA, Tor,
S-1, wPTX, L

Long SD (þ ) (þ ) (� ) PR 7.0

8 58 Primary Soft tissue, bone AC, L, Tor, PTX, L SD 90 0 1þ PR 7.7

9 83 Primary Locally advanced,
skin, soft tissue

L, A, X, S-1, Tor,
wPTX, A

PD 95 95 1þ PR 8.2þ

10 61 8.7 Lung, pleura, soft
tissue

Tam, L, E Long SD (þ ) (þ ) (� ) Long SD 5.8þ

11 78 12.8 Local, bone L, E, Tam, Tor, A PD (þ ) (þ ) (uk) SD 3.5

12 58 2.2 Lung A, E, Tor, L Long SD (90) (30) (2þ ) SD 4.0

13 56 Primary Liver, Lung AC, XT, A, E PD 90 5 1þ SD 3.0

14 72 Primary Local, bone, soft
tissue

E, FUL, L, Tor, A Long SD 80 40 2þ PD 3.0

15 51 1.1 Liver, Ax LN A, E, Tor, wPTX, DTX,
GEMþ PTX, M,

EPIR, A,

SD 95 0 2þ PD 4.4

16 59 3.7 Sc LN L, wPTX, X, EC, Tam, A PD (þ ) (uk) (uk) N/E �

17 83 5.7 Sc LN A, E, L Long SD (þ ) (þ ) (0) N/E �

18 63 1.9 Local, liver, bone FUL, L, XT, Tor, E PD 80 5 2þ N/E �

Abbreviations: A¼ anastrozole; AC¼doxorubicineþ cyclophosphamide; DFI¼disease-free interval; DTX¼docetaxel; E¼exemestane; EC¼ epirubicineþ cyclophosphamide; ET¼ endocrine
therapy; FUL¼ fulvestrant; L¼ letrozole; MPA¼medroxyprogesterone acetate; N/E¼not evaluable; PR¼partial response; PTX¼paclitaxel; SD¼ stable disease; Tam¼ tamoxifen;
Tor¼ toremifene; Tmab¼ trastuzumab; TTF¼ time to failure; VNR¼ vinorelubin; X¼ capecitabineþ cyclophosphamide; XT¼ capecitabineþdocetaxel. The values in parentheses indicate
the status of the primary tumour. þCase 9 and 10 were on treatment of EE2.
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(mean±s.d.) to below premenopausal levels after 4 weeks of
treatment (Figure 2). There was no correlation between hormone
levels and response to treatment. Subsequent measurements of E2
and FSH levels at 4–6 week intervals showed no significant further
changes during the course of treatment.

Adverse events. Acute symptoms of EE2 toxicity, such as nausea,
general fatigue, muscle-skeletal pain, fever, headache, and
occasionally vaginal bleeding, were seen in almost all the patients,
but they were mostly mild and self-limiting (Table 3). Three
patients withdrew from this trial due to oestrogen-flare reactions,
such as nausea, fatigue and muscle-skeletal pain. Although signs of
chronic toxicity, such as nipple/areola pigmentation, weight gain,
irregular vaginal bleeding, or endometrial thickening, were
observed in patients who received long-term treatment, there were
no severe adverse events such as stroke, myocardial infarction,
deep venous thrombosis or other malignancies in our trial.
Especially, endometrial thickening and cervical cysts were
frequently observed, but no patients displayed malignant features
in the endometrium. Other adverse oestrogen-related symptoms
such as jaundice, hypertension, nasal congestion, dizziness and

fluid retention were not seen. None of the patients developed other
malignancies.

DISCUSSION

Haddow et al (1944) published ‘Influence of systemic oestrogen
upon advanced malignant disease’, in which 5 cases of 14 treated
with diethylstilbestrol (DES) showed clinical response, whereas
paradoxically, DES stimulated growth of the tumours in several
other cases.
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Figure 1. Kaplan–Meier curves of TTF. In the ITT cohort including two
ongoing cases (solid line; n¼ 18), the median TTP was 5.6 months
(range 0.1 to 14.5þ ). In the ‘experiencing clinical benefit’ including two
ongoing cases (dashed line; n¼ 10), the median TTP was 8.2 months
(range, 5.4–14.5þ ).
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Figure 2. Serum level of E2 and FSH before treatment and 4 weeks later. Serum oestrogen was elevated from the beginning level of
12±3 pg ml�1 (mean±s.d.) to 45±12 pg ml� 1 4 weeks later. Serum FSH was suppressed from the beginning level of 55±20 mIU ml� 1

(mean±s.d.) to below premenopausal levels after 4 weeks of treatment. Solid lines indicate the ‘experiencing clinical benefit’ (n¼ 10), and dashed
lines ‘non-experiencing clinical benefit’ (n¼5).

Table 3. Safety of EE2 treatment who were treated by ethinylestadiol
(n¼ 18)

Safety

All
grade

(n¼18)
Grade

1
Grade

2
Grade

3,4

Nausea and vomiting 14 7 7a 0

Muscle-skeletal pain 10 7 3a 0

Fatigue 10 7 3a 0

Hot flushes 7 7 0 0

Fever 5 5a 0 0

Liver dysfunction 1 2 0 0

Nipple/areola
pigmentation

13 13 0 �

Vaginal discharge/
bleeding

9 4 5 �

Endometrial thickening
or uterocervical
enormousness

13 13 0 �

Weight gain 4 3 1 0

Deep venous
thrombosis

0 0 0 0

2nd malignancy 0 0 0 0

aThree cases withdrew within 1 week with their early endocrine-related symptoms, such as
nausea, general fatigue, muscle-skeletal pain, and fever.
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Several studies have suggested the equivalent efficacy of
tamoxifen and oestrogen therapy. Cole et al (1971) reported that
tamoxifen had similar efficacy compared with DES in
post-menopausal women with advanced breast cancer. Beex et al
(1981) reported that objective remission due to EE2 was similar to
that from tamoxifen (31% vs 33%) in a randomized study of 63
post-menopausal women with advanced breast cancer. Ingle et al
(1981) reported that the response rate for DES (41%) was similar to
that for tamoxifen (33%) (P¼ 0.37). A recent update of this trial
reported significant (P¼ 0.039) survival advantage for patients
receiving DES over tamoxifen (median survival of 3.0 years vs 2.4
years) (Ingle, 2002). Therefore, most of the studies proved that
there was no statistically significant difference between the efficacy
of tamoxifen and HDE. As tamoxifen had a favourable side-effect
profile, it was the preferred agent to oestrogens.

Recently, Lonning et al (2001) reported that high-dose DES
(15 mg daily) after the development of resistance to AIs in women
with heavily pretreated mBC was effective, with an ORR of 31%
(10 out of 32) and a CBR of 38% (12 out of 32), over a median
duration of 50 weeks (range, 30–124þ ). Nineteen percent of
patients (6 out of 32) discontinued treatment due to adverse events
such as vaginal bleeding/discharge, nausea, diarrhoea, abdominal
bloating, arthralgia, and dizziness. Agrawal et al (2006) reported a
CBR of 33%, median duration of response of 10 months (range,
7–36), and TTF of 4 months (range, 0.5–36 months) in 12 patients
treated with HDEs. Mahtani et al (2009) reported an ORR of 25%
(5 out of 20) and CBR of 46% (12 out of 26) with a median
duration of 10 months. Ellis et al (2009) reported a phase II
randomized trial in postmenopausal women with HR-positive, AI-
resistant advanced disease comparing 30 mg E2 with 6 mg. They
concluded that E2 doses of 6 mg per day provided a CBR similar to
30 mg per day (29% (10 out of 34) vs 28% (9 out of 32)), with fewer
serious adverse events.

In our prospective study, an ORR of 50% (9 out of 18), and CBR
of 56% (10 out of 18) with a median TTF of 35 weeks (range,
23–62þ ) can be interpreted as successful for a late-line endocrine
therapy for mBC, although 17% (3 out of 18) withdrew from the
EE2 treatment after a few days. The reason for our results might be
that all of the enrolled patients had a long history (42 years) of AI
treatment or responded to AI therapy previously. This means the
patients had ‘acquired resistance’ to oestrogen deprivation therapy
using AIs.

The mechanisms by which HDEs suppress tumour growth are
poorly understood. Several animal and in vitro studies provide
insights into possible mechanisms by which tumours initially
become resistant to endocrine therapy. Masamura et al (1995)
found that depriving MCF-7 cells of oestrogen in tissue culture
medium for periods of 1–6 months (long-term oestrogen
deprivation; LTED) resulted in oestrogen hypersensitivity. These
cells replicated at E2 concentrations of 10� 15–10� 14 mol l� 1, but
the replication was inhibited at a concentration of 10� 10.
In contrast, wild-type MCF-7 cells replicated maximally at 10� 10

mol l� 1 and required much higher doses for inhibition. Therefore,
the authors found that the dose-response curve to oestrogen shifted
to the left in the oestrogen-deprived cell line and hypothesised that
the response observed to subsequent endocrine therapy was related
to increased sensitivity to E2 (Santen et al, 2005).

In our study, ER expression levels were high, with 80-95% of
positive staining in the tumour cells, which might show account for
oestrogen hypersensitivity in the tumour cells, although there were
no differences between responders and non-responders to EE2
treatment. The action of HDE in this condition may be resolved by
applying molecular biological methods to re-biopsy samples.

Lewis et al (Lewis et al, 2005; Lewis-Wambi and Jordan, 2009)
demonstrated the involvement of the extrinsic (Fas/FasL) and the
intrinsic (mitochondria) pathways in oestrogen-induced apoptosis
process. The NF-kappaB (nuclear factor-kappa-B)-mediated

survival pathway as well as the PI3K (phosphoinositide
3-kinase)/Akt signalling pathway may also be involved.
An oestrogen response element (ERE) has been identified in the
promoter region of the FasL gene (Song et al, 2001). Therefore,
physiologic levels of E2-induced regression of AI-resistant breast
cancer tumours, apparently by inducing the death receptor Fas and
suppressing the antiapoptotic/prosurvival factors NF-kappaB and
HER2/neu. In our study, serum E2 concentration ranged
30-100 pg ml� 1 which was thought to be within the physiologic
levels in the premenopausal women.

Furthermore, Jordan et al (2009) propose that patients who have
initially responded to, and then failed, two previous antihormonal
therapies may exhibit ‘Phase II antihormonal resistance’. These
patients would benefit from short-term low-dose oestrogen, as
oestrogen would induce apoptosis in the Phase II resistant cells and
debulk the tumour. Their data indicate that the small percentage of
Phase II tumours that revert to an oestrogen-stimulated stage after
oestrogen-induced regression are also re-sensitised to antihormo-
nal therapy. This suggests that AI or fulvestrant could be effective
subsequent to EE2 treatment. Together, these data suggested that
EE2 treatment should be used as a third-line therapy, especially in
cases of acquired resistance to AIs.

EE2 also increases the water content of cervical mucus, favors
contraction of the uterine myometrium, and blocks resorption of
bone, resulting in a positive effect on bone mass. Control of the
vasomotor symptoms associated with the perimenopausal period is
thought to occur because of a blocking of the central nervous
system outflow that regulates blood flow to cutaneous vessels.
Oestrogen has a beneficial effect on plasma lipoprotein profiles,
slightly elevating serum triglycerides, reducing serum cholesterol,
increasing high-density lipoprotein levels and reducing low-density
lipoprotein levels (Bennink, 2008). These various oestrogen effects
cause several kinds of adverse events for the patients treated with
EE2, but also some beneficial effects, such as improvement of
vaginal dryness, skin dryness, and lipoprotein profiles.

We conclude that EE2 3 mg per day is beneficial for postmeno-
pausal patients with mBC heavily pre-treated with endocrine therapies
who could have acquired resistance to AIs, although attention to
endocrine-related early and late adverse events is required.
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