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Abstract
Tamoxifen had been the only available hormonal option for the systemic treatment for breast
cancer from 1979–2000. Enormous efforts have led to the development of potent and selective
third generation aromatase inhibitors including anastrozole, letrozole and exemestane. Due to their
superior efficacy to tamoxifen, aromatase inhibitors are presently approved as first line agents for
the treatment of advanced estrogen receptor (ER) positive breast cancer and adjuvant therapy in
early ER positive early breast cancer in postmenopausal women. Selective ER Modulators
(SERMS), tamoxifen and raloxifene are the only agents presently used in breast cancer prevention
in high risk women and their use has increased substantially over the last decade. Third
generations SERMS, lasofoxifene and bazedoxifene have shown significant reduction in bone loss
compared to placebo in postmenopausal women and are currently approved in the European Union
for the treatment of postmenopausal osteoporosis. This review outlines the current strategies
employed in the use of endocrine therapy in the management and prevention of breast cancer.

Keywords
Selective estrogen receptor modulator; Tamoxifen; Aromatase Inhibitors; Estrogen Receptor

1. Introduction
The journey to determine the mechanism that lies behind the growth of breast cancer started
more than 100 years ago. The first medical evidence was the suppression of estrogen levels
through oophrectomy to cause regression of metastatic breast cancer[1]. Similar antitumor
effects were observed following adrenelectomy and hypophysectomy in postmenopausal
women with breast cancer [2]. This led to the evolution of endocrine therapies, with the
principal goal of depriving tumor cells of estrogen to induce tumor regression. The story of
the reinvention of tamoxifen to become the gold standard for the adjuvant treatment of
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breast cancer and the pioneering medicine for the reduction of breast cancer incidence in
high risk women, has been told in detail elsewhere [3, 4]. The translational laboratory
research work in the 1970’s [5]catalyzed the move from orphan drug for the adjuvant
treatment and prevention of breast cancer resulting in tamoxifen becoming the standard of
care for the long term adjuvant therapy of ER positive breast cancer and the extension of the
lives of millions of women worldwide. Despite the clinical success of tamoxifen,
development of drug resistance and endometrial cancer led to the requirement of alternative
hormonal therapy to avoid these issues. The clinical efficacy of third generation non
steroidal aromatase inhibitors (AIs), anastrozole and letrozole and steroidal AI, exemestane
has been extensively studied in comparison to tamoxifen. Although AIs have shown some
superiority to tamoxifen as first-line agents in the treatment of postmenopausal women with
breast cancer [6–8]selective estrogen receptor modulators (SERMs) remain the mainstay of
treatment in breast cancer prevention. In this review, we focus on current published data on
the treatment strategies using hormonal therapy in the treatment and prevention of breast
cancer.

2.1. Tamoxifen versus Aromatase inhibitors
2.1. Advanced Breast Cancer

A meta-analysis [9]of comparative studies of AIs with tamoxifen, in postmenopausal
women with advanced breast cancer demonstrated a significant difference favoring AIs over
tamoxifen as first line agents in overall response rate (ORR; OR, 1.56; 95% CI, 1.17–2.07; P
= 0.002) and clinical benefit (CB; OR, 1.70; 95% CI, 1.24–2.33; P =0.0009). Although the
overall survival (OS) was increased for the AIs arm compared to the tamoxifen arm, the
differences observed were not statistically significant (OR, 1.95; 95% CI, 0.88–4.30; P =
0.10).

2.2. Adjuvant monotherapy
In estrogen receptor (ER) positive early breast cancer, 5 years of adjuvant tamoxifen
significantly reduces breast cancer recurrence and mortality throughout the first 10 years and
15 years respectively[10]. Incorporation of AIs as adjuvant therapy in breast cancer has been
extensively studied. Several randomized trials [11–13]have compared AIs to 5 years of
tamoxifen as primary adjuvant treatment of postmenopausal women with early breast
cancer. The results are summarized in Table 1. Although anastrozole and letrozole showed
significant improvements for disease free survival (DFS) and time to distant recurrence
(TTDR) and exemestane only improved TTDR, none of the AIs showed significant overall
survival (OS). A meta-analysis of the ATAC and BIG trials [14]revealed that the AIs
achieved a 2.9% absolute decrease in recurrence (9.6% for AI vs. 12.6% for tamoxifen; P <
0.00001) and a nonsignificant reduction in breast cancer mortality. In both studies, the
incidence of bone fractures was observed more frequently in the AI arm but there were no
significant difference in the risk of cardiovascular adverse events in both treatment groups.
However, gynecological problems and thromboembolic events were more frequent with
tamoxifen therapy. At 10 year follow up of the ATAC trial, the incidence of most cancers
was similar between groups and continue to be increased with anastrozole for colorectal (66
vs. 44; OR 1·51, 1·01–2·27)) and lung cancer (51 vs. 34; OR 1·51, 95% CI 0·96–2·41)), and
lower for endometrial cancer (6 vs. 24; OR 0·25, 95% CI 0·08–0·63), melanoma (8 vs. 19;
0·42, 0·16–1·00), and ovarian cancer (17 vs. 28). Although long term effects of AIs are not
yet established, it is suggested that bisphosphonates be added to AIs regimens to prevent AI
associated bone loss.
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2.3. Sequential therapy
It is well known that despite an initial response to tamoxifen, disease progression can occur
due to acquired resistance. Prevention of breast cancer recurrences and improvement of
survival has been explored with the use of sequential therapy with AIs after 2–3 years of
tamoxifen to a total of 5 years of endocrine therapy. Pooled analysis [14]of 4 trials [15–
17]in which 2–3 years of tamoxifen is switched to either 2–3 years of AIs or tamoxifen
revealed that AI therapy was associated with an absolute 3.1% (SE=0.6%) reduction in
recurrence (5% for AI vs. 8.1% for tamoxifen;2P<0.00001) and an absolute 0.7%(SE=0.3%)
decrease in breast cancer mortality(1.7% for AI vs. 2.4% for tamoxifen;2P=0.02) after
approximately 5 years of hormonal therapy. Whereas breast cancer mortality was
significantly reduced, none of the individual trials reported a significant overall survival.
However, updated data from the Anastrozole-Nolvadex (ARNO)-95trial, showed significant
reduction in the risk of recurrences (p=0.049) and improved overall survival (p=0.045) with
sequential treatment with anastrozole compared to tamoxifen monotherapy[18].

Two studies compared primary AI monotherapy with sequential therapy including
tamoxifen followed by an AI. In addition to assessment of letrozole monotherapy compared
to tamoxifen, the BIG 1–98 trial [12]also evaluated sequential therapy of 2 years of letrozole
followed by 3 years of tamoxifen or 2 years of tamoxifen followed by 3 years of letrozole. A
median follow up of 71 months revealed that there was no significant difference in terms of
DFS with either sequential therapy when compared with letrozole alone. The TEAM trial
was initially designed to evaluate the clinical efficacy of exemestane compared to 5 years of
tamoxifen as initial adjuvant endocrine therapy. The study design was changed, based on the
results of the Intergroup Exemestane Study (IES) trial, to include the sequential use of
exemestane after 2.5–3 years of tamoxifen treatment. Updated analysis from the TEAM trial
[19]at 5.1 years follow up showed that there was no significant difference in DFS between
exemestane alone and tamoxifen followed by exemestane.

Therefore current recommendation in adjuvant endocrine treatment of ER positive breast
cancer(Fig. 2.) is that postmenopausal women take AIs as a primary agent for 5 years or for
2 to 3 years after tamoxifen, while tamoxifen is recommended as a first line treatment for
pre or perimenopausal women [20]. However which AI to use as either initial or sequential
adjuvant therapy is yet to be determined. Studies [21]have shown that letrozole was more
potent than anastrozole in the inhibition of aromatization and estrogen suppression in
postmenopausal women with locally advanced and invasive ER positive breast cancer. But
the superiority of letrozole was not observed in the head to head comparison of letrozole and
anastrozole as second line agents in metastatic breast cancer [22]. The ACSOG trial
[23]compared the clinical efficacy of all three AIs in the neoadjuvant treatment of locally
advanced breast cancer. Preliminary results showed no significant difference in the clinical
response rate. To date no meaningful clinical differences have been demonstrated between
third generation AIs.

2.4. Extended therapy
The MA-17 [24]randomly assigned 5187 patients who have completed 5 years of tamoxifen
to 5 years of letrozole or placebo to determine the risk of recurrence. The study was stopped
early when the first interim analysis showed that letrozole significantly lowered recurrence
rate at a median follow up of 2.4 years. As a result the study was unblinded and 66% of
patients on placebo crossed over to the letrozole group. An updated intent to treat analysis
[25]revealed that letrozole treatment achieved a 2.9% improvement in DFS at 4 years (HR
0.68 P= 0.0001). Similarly, ABCSG-6a [26]evaluated anastrozole for 3 years in comparison
with placebo. Favorable results were obtained with anastrozole which resulted in a
significant reduction in risk of recurrence (p= 0.031). Exemestane was also compared with
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placebo after tamoxifen adjuvant therapy by the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-33. Similar to the MA-17, the study was stopped prematurely
and unblinded due to significant improvement in DFS [27]. However all 3 extended
adjuvant trials showed no significant improvement in overall survival. Although 10 year
follow up of patients who received 5 years of tamoxifen yielded beneficial effects compared
with 2 years of tamoxifen [28]extension of adjuvant therapy with tamoxifen beyond 5 years
is not yet recommended. Results are currently awaited from the Adjuvant Tamoxifen-
Longer Against Shorter (ATLAS) and adjuvant Tamoxifen Treatment offer more (aTTOM)
which should give more insight to extending tamoxifen beyond 5 years. Furthermore, no
data is available for the use of AIs beyond 5 years, therefore the recommended limit on AIs
is 5 years total across strategies [20].

3. The SERM concept and breast cancer prevention
As a result of a focused effort to decipher the pharmacology and toxicology of tamoxifen,
conclusions were built one upon the other, in the same laboratory, to define the properties of
a new drug group called the SERMs and to articulation a roadmap to apply that drug group
to prevent multiple diseases in women health. The mention of “modulation” at an ER target
site occurred with the examination of the structure function relationships of estrogenic
triphenylethylene derivatives of tamoxifen at a prolactin gene target in vitro 29]. The
estrogenic compounds could activate or suppress prolactin synthesis by altering the shape of
the ER complex between the extremes of an “antiestrogenic” or an “estrogenic”
conformation [30]. This idea of the molecular modulation of the receptor at a single target
site was then expanded to consider the physiologic responses that occurred with nonsteriodal
antiestrogen at multiple target sites in the body – simultaneously. A simultaneous series of
translational studies focused on the uterus, breast (mammary gland) and bone together
created the laboratory rationale for further clinical trials by the pharmaceutical industry [31–
34]. It was clear in 1990 that the toxicological issues with tamoxifen e.g. endometrial
cancer[34, 35]needed another approach. A roadmap was stated because few women would
have a prevention of breast cancer even in high risk populations; all would be exposed to
side effects: “We have obtained valuable clinical information about this group of drugs that
can be applied in other disease states. Important clues have been garnered about the effects
of tamoxifen on bone and lipids so it is possible that derivatives could find targeted
applications to retard osteoporosis or atherosclerosis. The ubiquitous application of novel
compounds to prevent diseases associated with the progressive changes after menopause
may as a side effect, significantly retard the development of breast cancer. The target
population would be post-menopausal women in general, thereby avoiding the requirement
to select a high risk group to prevent breast cancer” [36].

Although tamoxifen is the pioneering SERM, raloxifene is the medicine that first exploited
the ’roadmap” successfully starting in 1992 [37]. Scientists at Eli Lilly [38]confirmed the
concept in animal models measuring bone density, uterine weights and circulating
cholesterol and initiated the Multiple Outcomes of Raloxifene Evaluation (MORE) trial.
Raloxifene would be the first SERM to be approved for two of the three properties of the
“ideal SERM”: reduction in the incidence of fractures in osteoporosis and the reduction in
the incidence of breast cancer [39–41]. Raloxifene does not reduce the risk of coronary heart
disease [42]. It is however, perhaps pertinent to note that the original work on the prevention
of rat mammary carcinogenesis [33] concluded that because the pharmacokinetics of
tamoxifen were superior to raloxifene then raloxifene was unlikely to be superior clinically
in breast chemoprevention. Initially, data demonstrated that raloxifene was extremely
effective at preventing ER positive breast cancer in 90% of osteoporotic women [40]but in
the Study of Tamoxifen and Raloxifene or STAR trial in healthy postmenopausal women
tamoxifen and raloxifene were equivalent in producing a 50% decrease in breast cancer
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incidence[41]. However, the latter evaluations were during treatment with the SERMs. If an
evaluation of breast cancer incidence occurs after the end of a 5 year treatment regimen
tamoxifen is superior to raloxifene that is only 78% as effective as tamoxifen 3 years
following stopping treatment [43]. The laboratory study was accurate. As a result,
continuous treatment with raloxifene can be considered and is efficacious at maintaining an
antitumor environment [44]. Most importantly, there is no increased risk of endometrial
cancer with raloxifene this again demonstrating the veracity of the translational research.
Due to its breast cancer and osteoporosis preventive effects, raloxifene is recommended to
be the ideal treatment of choice in high risk postmenopausal women.

4. New generation SERMS
The development of third generation SERMs was based on preclinical studies which showed
beneficial estrogenic effects on the bone without the detrimental stimulation on the
endometrium or breast tissue [45, 46].Lasofoxifene, Bazedoxifene, Arzoxifene and
Ospemifene (Fig. 3.) have been assessed in the treatment and prevention of osteoporosis as
well as prevention of breast cancer. The Osteoporosis Prevention and Lipid Lowering
(OPAL) and PEARL studies evaluated lasofoxifene, a third generation SERM in the
treatment of osteoporosis. The OPAL study consists of two identical double-blind placebo-
controlled studies assessing the vaginal and bone effects of lasofoxifene in nonosteoporotic
women. Bone mineral density (BMD) was significantly reduced with an improvement in
vaginal pH after 2 years of therapy [47–49]. The PEARL trial [50]is a randomized placebo
controlled study involving 8556 postmenopausal women with low bone density. Five years
treatment with 0.5mg of lasofoxifene induced a significant 79% reduction of all breast
cancers as well as a statistically significant reduction of vertebral (42%) and non vertebral
fractures (24%), major coronary events (32%) and stroke (36%) when compared to placebo
[51]. The CORAL trial [52]compared the effects of lasofoxifene, raloxifene and placebo on
BMD of postmenopausal women. Although lasofoxifene and raloxifene had a similar
adverse effect profile, lasofoxifene significantly improved lumbar spine BMD (P≤ 0.05),
and significantly reduced low-density lipoprotein cholesterol levels (P≤ 0.05) at 2 years of
therapy compared to raloxifene and placebo. Lasofoxifene was approved for the treatment of
osteoporosis in the European Union in March 2009; however it is still under review by the
FDA in the United States. The medicine has not been marketed.

A 2 year randomized double-blind study [53]assessed the clinical efficacy of bazedoxifene
compared with placebo. Raloxifene was added as a positive control. 10mg, 20 mg and 40
mg of bazedoxifene had superior advantage over placebo in the improvement of BMD at all
skeletal sites (p<0.001). These effects were comparable to that obtained with 60mg
raloxifene. Incidence of cardiovascular disease, thromboembolic events, endometrial
abnormalities and breast cancer did not significantly differ between treatment groups.
Silverman and Colleagues [54]reported that the incidence of new vertebral fractures was
significantly lower in the bazedoxifene group compared to placebo (p< 0.05), while
incidence of non vertebral fractures was not statistically different from the placebo group at
3 years. This trend was maintained on extension of the study for an additional 2 years [55].
A posthoc analysis of a subgroup of women at higher fracture risk showed that bazedoxifene
induced a 50% and 44% reduction in nonvertebral fracture risk relative to placebo (p=0.02)
and raloxifene (p=0.05). This effect by bazedoxifene in comparison to placebo was
supported by a re-analysis using the fracture probability tool, FRAX [56]. Although
incidence of breast cancer was lower in the bazedoxifene group, there were no significant
differences noted in the incidence of breast or endometrial carcinoma as well as endometrial
hyperplasia among treatment groups. Because of the favorable outcomes seen with
bazedoxifene on the endometrium and bone, the (Selective Estrogen Menopause and
Response to Therapy) SMART-1[57, 58]trial investigated the combination of
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bazedoxifene(BZA) and conjugated estrogens(CE) compared to placebo using endometrial
hyperplasia and BMD as the primary endpoints. Although treatment with BZA/CE did not
significantly reduce the incidence of endometrial hyperplasia over placebo at 2 years, BMD
was increased significantly with BZA/CE at the lumbar spine and total hip. Perhaps the
endometrial protective effects of BZA/CE may be seen with longer follow-up. This may
alleviate the need for progestins in postmenopausal women with intact uterus on hormone
replacement therapy. Bazedoxifene is currently approved for the treatment of osteoporosis in
the European Union. Arzoxifene showed potential in the reduction of vertebral fractures but
it was withdrawn from future clinical development based on nonvertebral efficacy [59].
QuatRx Pharmaceuticals is currently seeking FDA approval for the use of ospemifene in the
treatment of vulvovaginal atrophy[60].

5. Conclusion
Tamoxifen continues to play a major role in the treatment and prevention of breast cancer.
Parallel studies have shown that AIs are superior to tamoxifen in the management of
metastatic breast cancer as well as an adjuvant agent in early breast cancer. Although most
differences were statistically significant, however differences in overall survival was either
non significant or was somewhat marginal. Clinical trials involving head to head comparison
of AI are needed to determine the superiority (if any) in efficacy in tumor suppression. This
will clarify the initial or sequential order in which these agents are used in clinical
management. Tamoxifen and raloxifene are the only endocrine agents approved in the
prevention of breast cancer in high risk women. Newer SERMs, lasofoxifene and
bazedoxifene are well tolerated agents and could possibly act as an alternative in the
prevention of postmenopausal osteoporosis. These SERMs have shown comparable efficacy
to raloxifene. However clinical validation is needed to confirm beneficial effects in the
reduction of the incidence of breast cancer, cardiovascular and thromboembolic events.
Progress with the new SERMS is currently dependent upon the financial advantages of new
agents over old SERMS now as generics (tamoxifen) or ending their patent life (raloxifene).
So what about no estrogen at all for chemoprevention? Two trials were established to
evaluate the efficacy of anastrozole (IBISII trial) and exemestane (MAP.3) with placebo in
the prevention of breast cancer in high risk postmenopausal women. Recently MAP.3 has
demonstrated the value of reducing breast cancer incidence by a reported low incidence of
side effects[61]. Nevertheless, AIs are not currently recommended for breast cancer risk
reduction outside of a clinical trial. No other drugs have shown greater efficacy than those
currently approved for breast cancer treatment and prevention.

In summary, it is reasonable to note that much progress has been made in women’s health
and a menu of medicines is now available and validated approaches are proven compared to
none when all this started nearly 40 years ago [5].
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Fig. 1.
Chemical Structures of SERMS currently used in breast cancer prevention. The structure of
estradiol is included for comparison.
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Fig. 2.
Clinical guidelines in the adjuvant treatment of estrogen positive breast cancer in
postmenopausal patients (A–C) or pre/postmenopausal patients (D).
A. Five years of Tamoxifen or aromatase inhibitors can be used as first line adjuvant
hormonal therapy in pre or perimenopausal or postmenopausal women respectively. B. In
postmenopausal women, sequential therapy with aromatase inhibitor after 2–3 years of
tamoxifen is comparable alternative to AI monotherapy. C. Additional 5 years with AIs after
5 years of tamoxifen, have shown significant disease free survival. D. Investigation of
extension of tamoxifen beyond 5 years is presently ongoing.

Obiorah and Jordan Page 12

Maturitas. Author manuscript; available in PMC 2012 December 11.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig. 3.
Chemical structures of third generation SERMS.
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