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Abstract

The new innovation of combining bazedoxifene plus conjugated estrogen provides a new

opportunity for women’s health. The finding by the Women’s Health Initiative that the

administration of conjugated equine estrogen alone to women in their 60s who have had a

hysterectomy results in a decrease in the incidence of breast cancer and a drop in mortality was

unanticipated but can now be exploited for another gain in women’s health. The issue to be

considered is how postmenopausal women can improve their lifestyle to take advantage of

conjugated equine estrogen alone therapy? The Food and Drug Administration approval of a

combination of bazedoxifene /conjugated estrogen now provides an opportunity for

postmenopausal women to reduce hot flashes and potentially selectively sensitize occult breast

cancer cells to the apoptotic actions of estrogen. Clinical trials are proposed to advance women’s

health and reduce the incidence of breast cancer.
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There are two recent clinical advances that are good news for women’s health. The first is

the Food and Drug Administration (FDA) approval of a combination of conjugated equine

estrogen (CEE) with the selective estrogen receptor modulator (SERM) bazedoxifene for the

treatment of moderate to severe vasomotor symptoms (hot flashes) associated with the

menopause, and the prevention of osteoporosis. The combination of CEE/bazedoxifene is a

new innovation. The second advance is the report that CEE alone administered to

hysterectomized women in their 60s, as one of the clinical trials in the Women’s Health

Initiative (WHI), actually causes a decrease in the incidence of breast cancer1, a decrease in

mortality from breast cancer and an overall decrease in mortality2,3. Women were treated for

about six years but benefits remained for the six years after CEE was stopped3. It is

proposed that CEE triggers estrogen induced apoptosis in the vulnerable estrogen-deprived

ER positive breast cancer cells that are present in the breast ducts 5-10 years after

menopause4. The question is whether we can build on these separate clinical advances and

Corresponding Author: V. Craig Jordan OBE, PhD, DSc, FMedSci, Scientific Director Lombardi Comprehensive Cancer Center,
Vincent T. Lombardi Chair of Translational Cancer Research, Vice Chair of Department of Oncology, Professor of Oncology and
Pharmacology, Georgetown University Medical Center, 3970 Reservoir Rd NW, Research Building, Suite E501, Washington, DC
20057, Tel: 202.687.2897, Fax: 202.687.6402, vcj2@georgetown.edu.

No conflicts of interest are declared.

NIH Public Access
Author Manuscript
Menopause. Author manuscript; available in PMC 2015 October 01.

Published in final edited form as:
Menopause. 2014 October ; 21(10): 1160–1164. doi:10.1097/GME.0000000000000220.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



deploy translational research in the new biology of estrogen-induced apoptosis to conceive

another paradigm to prevent breast cancer in postmenopausal women.

There are already two FDA approved options for the chemoprevention of breast cancer.

These are the SERMs tamoxifen and raloxifene5,6 (Fig. 1) but side effects and compliance

have proved to be major issues for healthy women who have an exacerbation of menopausal

symptoms; compliance is reduced There is a low risk of breast cancer (6 per 1,000 women

per year) even in high risk groups, so the benefit for recurrence is offset by menopausal side

effects for the many. Now we must get smart if compliance is the problem that needs to be

solved to maintain long term SERM therapy. Menopausal side effects must be controlled

especially in women in their 50’s when quality of life is an issue. A SERM will block

estrogen stimulated breast cancer cell growth at menopause but also exacerbate menopause

symptoms. A SERM plus CEE, could be an answer.

Bazedoxifene (Fig. 2) is a new SERM7,8, derived from an estrogenic derivative of the failed

breast cancer drug zindoxifene9. The addition of a strategically placed bulky side chain

makes bazedoxifene selectively estrogenic or antiestrogenic at target sites around a woman’s

body10. Bazedoxifene has a pharmacology more like raloxifene than tamoxifen as

bazedoxifene has both breast and uterine safety11. Indeed, bazedoxifene (Fig. 2) looks more

like raloxifene than tamoxifen (Fig 1), but the addition of CEE to bazedoxifene ameliorates

hot flashes by 85%, enhances building bone but the SERM blocks estrogen action in the

uterus. Thus it is a subtle pharmacological balance between target sites for the SERM, the

CEE, or in fact a combined estrogenic effect of both. Additive estrogenic effects on bone

were first seen with both tamoxifen and raloxifene in the long term ovarictomized rat used to

demonstrate that the combination of the SERM adds to the estrogens effect for building

bone but blocks proliferation in the uterus12. Exactly what bazedoxifene/CEE does in

women with the added benefits of preventing hot flashes.

The value of CEE treatment to reduce the incidence of breast cancer appears to be dependent

on a 5 year gap past the menopause when the ovary stops producing hormones and releasing

eggs4,13,14,15. Estrogen deprivation is necessary to prepare the occult breast cancer cells,

through clonal selection, to become vulnerable to estrogen induced apoptosis (Fig. 3). Breast

cancer cells survive and grow based upon the availability of the growth signal estrogen. The

dramatic decrease in estrogen at menopause causes the majority of ER positive cells that

depend on estrogen to replicate, now to die. It is a simple Darwinian principle that reduced

resources for survival (estrogen) results in decreased populations of cells. However, at a

certain point in time the biological necessity of cancer cell survival prevails and adapted

cells start to slowly repopulate in an estrogen-depleted environment. The process can be

replicated in the laboratory, but the repopulating cells now respond to physiologic estrogen

by triggering estrogen-induced apoptosis16,17. Surprisingly, even the long term exposure of

estrogen-deprived breast cancer cells to months of physiologic estrogen that initially causes

immediate and catastrophic cell death only slowly permits the surviving cells to recover18.

The cancer cells that now survive in estrogen do not expand dramatically as a population18.

The resulting cancer cell population does not appear to respond to estrogen with growth

alone but there is now a balance of replication and apoptosis to maintain a stable

population18. Thus it is not implausible that this novel biological mechanism of estrogen
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induced apoptosis in estrogen deprived cells results in microscopic tumors being destroyed

in patients during CEE therapy.

In athymic mice, the process of drug resistance to tamoxifen (antiestrogen) evolves through

two distinct phases of acquired resistance over a five year period19,20 (Fig. 4). The initial

phase (Phase I) of drug resistance results in tamoxifen stimulated cancer cell growth similar

to estrogen . This process of cancer cell selection takes 1–2 years. In Phase II of tamoxifen

resistance, tamoxifen by itself promotes tumor growth and estrogen alone causes tumor

regression through apoptosis. Raloxifene can result in the same acquired resistance21 but it

takes longer. So, the clinically available SERMs in an estrogen-deprived environment

eventually distil a cancer cell population that will be vulnerable to estrogen induced

apoptosis. The small tumors disappear with estrogen therapy but the larger tumors, with

greater population plasticity to select a surviving cell, will repopulate towards the estrogenic

growth signal. An estrogen stimulated tumor results as a recurrence.

The proposition to be considered here is to employ a 5 year course of bazedoxifene/CEE to

avoid menopausal symptoms, and to build bone with uterine and breast safety. The

antiestrogenic effects of bazedoxifene would be anticipated to drive selection of estrogen

deprived ER + malignant cell population in the breast ducts. The long course of

bazedoxifene (perhaps 5 years) would then be stopped and a course of a few weeks of CEE

alone would be used to “purge” vulnerable cells in the ducts by inducing nascent tumor

eradication by triggering apoptosis. Continuous estrogen for years may not be necessary to

achieve prevention of breast cancer in a vulnerable cell population primed to die quickly.

It is therefore reasonable to advance the aforementioned propositions with clinical trials

validation because there is a concern that the dominance of bazedoxifene may be insufficient

in this context to drive cell selection to estrogen vulnerable population in the breast. As a

polyhydroxylated molecule, bazedoxifene (Fig. 2) is very similar to the structure of

raloxifene (Fig. 1). The Study of Tamoxifen and Raloxifene (STAR) trial teaches us

important lessons about the effectiveness of 60mg daily of raloxifene on breast

chemoprevention during 5 years of treatment5 (and after treatment stops6). While tamoxifen

(20 mg daily) clearly drives cell selection during 5 years of treatment to estrogen vulnerable

cancer cells like the laboratory model19, raloxifene does not6. The sustained antitumor effect

does not persist in patients when raloxifene stops6, so it must be given longer to prevent

breast cancer - but how long? Laboratory studies demonstrate it is possible to produce the

expected selection to the estrogen vulnerable cancer cell population with raloxifene

eventually21. Unfortunately the principle of maintained antitumor effects has only been

demonstrated clinically with tamoxifen, ie, chemoprevention is maintained after long term

tamoxifen in STAR but chemoprevention fails after raloxifene is stopped6. Tamoxifen has

produced Phase II resistance in microscopic tumors after 5 years of treatment so a woman’s

own estrogen now kills the vulnerable microscopic breast cancer cells. By contrast,

raloxifene, it appears, has only caused the selection of Phase I resistance so a woman’s own

estrogen enhances tumor growth after raloxifene stops. Be that as it may, there is a final

complication when comparing bazedoxifene with raloxifene. Bazedoxifene/CEE only uses

20 mg daily of the SERM, ie only a third of the dose of raloxifene (60mg daily) in STAR.

Also the combination of estrogen with bazedoxifene, a competitive inhibitor of estrogen
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action at the ER creates a situation where they must compete so bazedoxifen can

successfully select a vulnerable populations of cells. Although we do not know whether

bazedoxifene will be dominant, the good news is that compliance with bazedoxifene/CEE

may be superior. Compliance is key to maintain SERM selection pressure. Raloxifene has

poor compliance at higher doses because of the significant side effects. Rapid excretion of

raloxifene combined with poor compliance creates a weak environment for breast cancer

cells to be selected to vulnerable populations. It must be stressed, however, that laboratory

studies demonstrate that constant raloxifene in an estrogen free environment does select

cells that will be triggered to die when estrogen is re-introduced.22

Only clinical trials will determine the dose and timing of bazedoxifene and estrogen, but the

medical advance could be profound. Resolution of menopausal symptoms with a reduction

in breast cancer would be a major advance in public health.
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Figure 1.
The early origins and repurposing of the two pioneering Selective Estrogen Receptor

Modulators (SERMs) tamoxifen and raloxifene8.
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Figure 2.
The building of bazedoxifene as a Selective Estrogen Receptor Modulator (SERM) from the

failed breast cancer drug zindoxifene and combination with conjugated equine estrogen to

create bazedoxifen/CEE8.
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Figure 3.
The success of estrogen replacement therapy is dependent on the menopausal status of a

woman. (A) Estrogen withdrawal in postmenopausal women causes ER positive dependent

cells to die but some cells continue to grow independent of estrogen. (B) Treatment of

women immediately after menopause with CEE results in sustained growth of nascent ER

positive tumors, whereas treatment 5 years after menopause causes apoptotic cell death

(Obiorah I and Jordan VC 2013 Menopause 20:372–382 reproduced with permission)
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Figure 4.
Evolution of acquired SERM resistance. After long-term treatment with SERMs (1–2 years

in vivo), initially responsive ER-positive tumors become resistant to treatment and are

stimulated by SERMs (Phase I resistance) as well as by E2. After long-term transplantation

into SERM-treated animal (5+years), breast tumor growth is inhibited by E2, though still

stimulated by SERMs (Phase II of resistance). This process with SERMs in vivo is replicated

with estrogen deprivation with MCF-7 breast cancer cells in vitro; cells initially start to

grow spontaneously but estrogen still induces growth (hypersensitivity). This is Phase I.

Long-term estrogen deprivation causes spontaneous growth in culture but apoptosis with

physiologic estrogens both in vitro and in vivo (Phase II) (Jordan VC 2004 Cancer Cell

5:207–213 reproduced with permission ).
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