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INVITED REVIEW

Tissue selective estrogen complex (TSEC): a review

James H. Pickar, MD," Matthieu Boucher, PhD,” and Diana Morgenstern, MD, FACP?

Abstract

Objective: This review describes historical development of selective estrogen receptor modulators (SERMs) and
their combination with estrogens, termed a tissue selective estrogen complex (TSEC), and considers the potential for
future TSEC development.

Methods: This narrative review is based on literature identified on PubMed and the TSEC research and
development experience of the authors.

Results: SERMs have estrogenic and antiestrogenic effects in various tissues; however, no single agent has
achieved an optimal balance of agonist and antagonist effects for the treatment of menopausal symptoms. Clinically,
a number of SERMs protect against osteoporosis and breast cancer but can exacerbate vasomotor symptoms.
Estrogens alleviate menopausal hot flushes and genitourinary symptoms as well as reduce bone loss, but the addition
of a progestogen to menopausal hormone therapy to protect against endometrial cancer increases vaginal bleeding
risk, breast tenderness, and potentially breast cancer. The search for an effective menopausal therapy with better
tolerability led to the investigation of TSECs. Clinical development of a TSEC consisting of conjugated estrogens/
bazedoxifene increased understanding of the importance of a careful consideration of the combination’s components
and their respective doses to balance safety and efficacy. Bazedoxifene is an estrogen receptor agonist in bone but an
antagonist/degrader in the endometrium, which has contributed to its success as a TSEC component. Other oral

TSEC combinations studied thus far have not demonstrated similar endometrial safety.

Conclusions: Choice of SERM, selection of doses, and clinical trial data evaluating safety and efficacy are key to
ensuring safety and adequate therapeutic effect of TSECs for addressing menopausal symptoms.

Key Words: Conjugated estrogens/bazedoxifene — Postmenopause — Selective estrogen receptor modulators —

Tissue selective estrogen complex.

ver the past 3 decades, preclinical and clinical
investigations have expanded our understanding
of the physiologic profile and molecular mecha-
nisms of selective estrogen receptor modulators (SERMs),
both alone and in combination with estrogens. The combi-
nation of estrogens and a SERM is sometimes referred to as
a tissue selective estrogen complex (TSEC), although this
term is not formally recognized by health authorities. The
following review provides a historical perspective on the
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rationale for evaluating the combination of estrogens and
SERMs and an overview of lessons learned during the
development of the one approved TSEC combination. In
addition, it provides a detailed review of the ongoing and
emerging understanding of the importance of the selection
and dosing of the individual components that make up a
TSEC and the unique effects that may result from different
TSEC combinations.

METHODS

This narrative review includes preclinical and clinical
studies identified via a search of PubMed through
July 2017 using search terms related to the classes of anti-
estrogens/SERMs, TSECs, and estrogens in menopause and
postmenopause. The search also included individual terms for
tamoxifen, clomiphene, raloxifene, toremifene, ospemifene,
bazedoxifene, ormeloxifene, lasofoxifene, fulvestrant, and
tibolone alone and combined with either conjugated estrogens
or estradiol. Reviews of the historical development of SERMs
were also considered, as were current professional guidelines
for management of postmenopausal symptoms. Additional
relevant papers were identified by the authors based on their
expertise in this area.
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SERMs: HISTORICAL PERSPECTIVE AND
EVOLVING UNDERSTANDING OF THEIR VARIED
EFFECTS

Early ‘‘nonsteroidal antiestrogens’” (eg, MER2S5, clomi-
phene, tamoxifen) were originally investigated as contracep-
tives; however, it was revealed that they induced, rather than
inhibited, ovulation in humans, despite the opposite effects in
rats.' Clomiphene was then developed as a treatment for
infertility, and tamoxifen, which has also been used in Japan
for ovulation induction,4was later ‘‘reinvented’’ as an anti-
cancer agent for breast cancer.’

In the early 1970s, response to tamoxifen by 10 (22%) of 46
postmenopausal women with extensive breast cancer was
thought to support its classification as an antiestrogen.’
Preclinical data demonstrated that tumor response to tamoxi-
fen was dependent on estrogen receptor (ER) binding, further
supporting its mechanism as estrogen antagonism in the breast
and leading to screening breast tumors for the presence of ERs
to predict responsiveness to tamoxifen.® Tamoxifen eventu-
ally went on to become a major treatment for ER-positive
breast cancer, used as both adjuvant therapy and treatment for
metastatic cancer; it has also been used for prevention in high-
risk women.? As adjuvant therapy in women with early-stage,
ER-positive breast cancer, tamoxifen was estimated to result
in a statistically significant 50% reduction in recurrence and
28% reduction in mortality over 5 years.’

Over time, evidence began to accumulate from preclinical®
and clinical studies’'? that despite being an estrogen antago-
nist in the breast, tamoxifen had beneficial agonistic effects on
bone. For example, tamoxifen—alone or in combination with
estradiol-3-benzoate—significantly reduced bone loss after
ovariectomy in rats compared with vehicle-treated animals,
based on the ash weight of incinerated femurs after 4 months
of treatment.® Clinical effects on bone were also observed. In
a 2-year, randomized, double-blind, placebo-controlled trial
of adjuvant tamoxifen in 140 postmenopausal women with a
history of axillary node-negative breast cancer, the tamoxifen
group had a 0.61% annual increase in lumbar spine bone
mineral density (BMD), whereas the placebo group had a
1.0% decrease each year (P < 0.001).” Another randomized,
placebo-controlled study conducted in healthy women who
were, on average, about 10 to 12 years postmenopause
reported that after 2 years, lumbar spine BMD was 2.9%
higher than tamoxifen versus placebo (P < 0.001)."°

Unfortunately, bone was not the only tissue in which
tamoxifen exhibited agonistic activity—it also stimulated
the endometrium. Although tamoxifen had countered estro-
gen-stimulated increases in uterine wet weight in female
rats,® it stimulated growth of human endometrial tumors
implanted into athymic mice.'® In fact, when human breast
cancer tumors and endometrial cancer tumors were
implanted into the same animal, tamoxifen reduced the
former while stimulating growth of the latter, providing
evidence that tamoxifen’s effects were tissue-specific and
not merely species-specific.'? Subsequent clinical trials of
tamoxifen reported an increased risk of endometrial
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cancer.'""'? For example, the National Surgical Adjuvant
Breast and Bowel Project Breast Cancer Prevention Trial
conducted in women at risk for breast cancer found that
although tamoxifen indeed reduced the risk of invasive breast
cancer (risk ratio [RR] 0.57; 95% CI, 0.46-0.70) and osteo-
porotic fracture (RR 0.68; 95% CI, 0.51-0.92), it also was
associated with a more than threefold increase in risk of
endometrial cancer (RR 3.28, 95% CI, 1.87-6.03), and a more
than fivefold increase among those 50 years or older (RR
5.33, 95% CI, 2.47—13.17).12 Thus, recognition grew that
tamoxifen was not a pure ‘‘antiestrogen,”’ and that effects
were tissue-specific.

Raloxifene was similarly found to have ER antagonist
effects in the breast and agonist effects on bone. The Multiple
Outcomes of Raloxifene Evaluation (MORE) study in 7,705
postmenopausal women with osteoporosis reported that ral-
oxifene at doses of 60 and 120 mg/d increased lumbar spine
and femoral neck BMD by about 2% to 3% and reduced
vertebral fracture risk (60mg: RR 0.7, 95% CI, 0.5-0.8;
120mg: RR 0.5, 95% CI, 0.4-0.7)."* Women randomized
to raloxifene in the MORE trial had a lower risk of invasive
breast cancer (RR 0.24, 95% CI, 0.13-0.44, P <0.001 vs
placebo),'® and in contrast with the tamoxifen studies, the
risk of endometrial cancer did not appear to be increased.'*

To clarify that drugs like raloxifene and tamoxifen had
estrogen antagonist activity in some tissues and estrogen
agonist activity in others, the term SERMs was introduced
and became widely accepted.”® Today, SERMs are also
known as estrogen agonists/antagonists. The knowledge
gleaned from early studies of these agents has since facilitated
the development of additional SERMs specifically designed
to improve upon their profile of activities.'®!” Available
SERMs today each has their own profile of tissue-dependent
effects, which typically includes estrogen antagonist activity
in breast and estrogen agonist activity in bone, but varying
effects on the endometrium (Table 1)."*!8-%

Although they are not typically classified as SERMS, two
additional compounds—fulvestrant and tibolone—have
mechanisms involving selective effects on the ER. Fulvestrant
has been found to be a pure estrogen receptor antagonist that
downregulates the estrogen receptor, rather than merely
blocking it.***? Because of this mechanism, it is sometimes
referred to as a selective estrogen receptor degrader (SERD).
Tibolone, occasionally referred to as a selective tissue estro-
genic activity regulator (STEAR),* is structurally different
from SERMSs, but has tissue-selective effects mediated
through interactions with estrogen, progesterone, and andro-
gen receptors, as well as regulation of enzymes involved in
estrogen metabolism.** Unlike SERMs, tibolone is effective
in treating vasomotor symptoms (VMS).>> It has estrogen
agonist effects on bone that are greater than those of raloxi-
fene in postmenopausal women.*®*” Inconsistent results have
been reported regarding tibolone’s effects on the endome-
trium and breast of postmenopausal women,*****! based on a
limited number of clinical trials available, which were of low
to very low quality according to a recent Cochrane review.>®
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TABLE 1. ER agonist and antagonist effects of SERMS on endometrium, breast, and bone, and effects on vasomotor symptoms

SERM Endometrium Breast Bone VMS
Clomiphene' 820123 Antagonist Antagonist Agonist Increase
Tamoxifen"”'-%3 Agonist Antagonist Agonist Increase
Raloxifene'-**3%% Neutral Antagonist Agonist Increase
Bazedoxifene'?32452:82:95.97.114 Antagonist Antagonist Agonist Increase
Ospemifene®*? Mixed agonist/antagonist” Antagonist Agonist Increase
Toremifene'2"'26 Neutral Antagonist Agonist Increase
Lasofoxifene! 223194107 Mixed agonist/antagonist Antagonist Agonist Increase
Ormeloxifene?> Antagonist or weak agonist Antagonist Agonist Not reported

ER, estrogen receptor; SERM, selective estrogen receptor modulator; VMS, vasomotor symptoms.
“Ospemifene is an ER agonist in the endometrium at high doses and an antagonist at lower doses.

TSEC DEVELOPMENT: RATIONALE AND
EVOLVING UNDERSTANDING

In the mid-1980s to late 1990s, it was proposed that SERMs
might be used in postmenopausal women to prevent breast
cancer, treat osteoporosis, and slow development of athero-
sclerosis.*? At that time, ‘estrogen replacement therapy”” was
thought to provide many of these health benefits, including
prevention of osteoporosis, probable reduction in cardiovas-
cular disease risk as well as risk of colorectal cancer and
Alzheimer’s disease, along with amelioration of hot flushes
and vaginal atrophy****; however, concerns about breast
cancer raised by observational studies were inhibiting use
of and adherence to estrogen-based hormone therapy (HT)
among postmenopausal women.'®** It was also during that
time that the need to use a progestogen, in women with a
uterus, to counter the increase in risk of endometrial hyper-
plasia and cancer induced by estrogens was confirmed.*>*®
However, progestogen-containing HT was associated with
vaginal bleeding and breast tenderness, which many women
found unacceptable.*****” It was hoped that SERMs might
provide an alternative to HT with a better breast safety and
overall tolerability profile.'®

Thus began the work to identify a SERM for use in
postmenopausal women that would have ER agonist effects
on bone, lipids, the central nervous system, and the vagina,
and ER antagonism (or at least a neutral effect) in the breast
and endometrium.'”**  Although raloxifene eventually
obtained FDA approval in the United States for prevention
of both breast cancer and osteoporosis,*’ no SERM to date has
achieved a profile conducive to managing menopausal symp-
toms, particularly because they tend to exacerbate, rather than
alleviate, VMS."”%>* The question then arose, in the late
1990s, as to whether a combination of SERMs and estrogens
might produce estrogen agonist and antagonist effects distinct
from that of either component alone and come closer to
achieving that goal.>*

There was already some precedent for exploring this
approach, although it was not widely noted. In the early
1980s, a research group from Finland had published three
studies of clomiphene 50 mg/d for 10 days after every 7-week
cycle of CE 1.25 mg/d with the hope that clomiphene could be
used in lieu of progestins for protection of the endometrium,
with lower rates of bleeding and breast tenderness, in

postmenopausal women desiring estrogen therapy.>>’ This
cyclic combination afforded relief of menopausal symptoms
(albeit to a modestly attenuated extent compared with CE
alone), reduced ER receptor expression in the endometrium,
increased the proportion of women with histologic atrophy of
the endometrium, and was associated with low rates of uterine
bleeding (lower than cyclical CE/megestrol acetate).”>’
However, there was evidence of endometrial proliferation
or hyperplasia in some women treated with this regimen,’”>’
whereas no endometrial proliferation or hyperplasia was seen
in a comparison group of women treated with CE/megestrol
acetate in one trial.”’

An estrogen plus SERM “‘proof of concept’ preclinical
study evaluated a combination of conjugated estrogens and
bazedoxifene (CE/BZA).>* BZA was selected as the SERM
component because prior preclinical investigations showed it
had favorable effects on bone and lipids with little to no
stimulation of the endometrium or breast.'”® CE was
selected because, at that time, it was one of the most widely
studied and utilized estrogen therapies for menopausal symp-
toms. Other preclinical investigations had suggested that at
bone-protective doses, BZA might not antagonize the benefi-
cial effects of estrogens on vasomotor instability.'”*® A key
finding from the preclinical ‘‘proof of concept’” investigation
in ovariectomized rats was that BZA could completely
counter CE’s stimulatory effects on the endometrium (based
on uterine wet weight) when adequately dosed without atten-
uating CE’s beneficial effects on vasomotor instability, lipids,
or bone,”* which supported clinical evaluation of this combi-
nation. The term TSEC was introduced in recognition of the
fact that the combination of estrogens and a SERM resulted in
a blended profile of tissue-selective activity that was different
from that of either component alone and from that of tradi-
tional estrogen/progestin therapy, therefore warranting a
specific classification.

Early clinical explorations of the first TSEC
A phase 2, randomized, double-blind, placebo- and active-
controlled, dose-finding study subsequently provided the first
indication of CE/BZA’s efficacy and safety in postmenopausal
women, and demonstrated that careful dose selection would be
necessary to achieve the optimal balance of therapeutic effect
and endometrial safety.’® This study compared CE 0.3 or
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0.625 mg/d combined with BZA 5, 10, or 20 mg/d, with CE 0.3
or 0.625mg alone, BZA 5mg alone, CE 0.625 mg/medroxy-
progesterone acetate 2.5 mg (CE/MPA), and placebo in 412
healthy postmenopausal women with an average of 4 hot
flushes per day. CE alone, especially the higher 0.625 mg dose,
increased endometrial thickness evaluated by transvaginal
ultrasound (the primary outcome), but this increase was coun-
tered in a dose-dependent fashion by BZA. Neither CE 0.3 mg/
BZA 20mg nor CE 0.625mg/BZA 20mg significantly
increased endometrial thickness relative to placebo, whereas
the lower BZA doses provided inadequate endometrial protec-
tion, especially when combined with the higher CE 0.625-mg
dose. All CE/BZA regimens that used CE 0.625 mg reduced hot
flush frequency and severity compared with placebo, whereas
combinations that used the lower CE dose (0.3 mg/d) were
ineffective when combined with BZA doses of 10 or 20 mg/d.
Thus, of the doses studied, CE 0.625 mg/BZA 20 mg provided
the best balance of therapeutic efficacy and endometrial pro-
tection. At these doses, CE’s beneficial effects on vaginal
maturation index and bone turnover markers were largely
preserved. In addition, CE 0.625 mg/BZA 20 mg was associ-
ated with rates of vaginal bleeding/spotting and breast tender-
ness that were not significantly different from placebo, and
lower than with the active comparator CE/MPA.

The phase 2 study showed that, in combination with a BZA
dose thought to be adequate to provide endometrial protection, a
CE dose of 0.625mg would retain efficacy against VMS,
whereas a CE dose of 0.3 mg would not. To determine if a
CE dose somewhere in between might prove to be the lowest
effective dose, CE doses of both 0.45 and 0.625mg were
advanced to phase 3 clinical development, along with BZA
doses of 10, 20, and 40 mg to better clarify which combination
had the best safety and efficacy profile. The first phase 3 study,
the Selective estrogens, Menopause, And Response to Therapy
(SMART-1) trial, confirmed that BZA 20 mg was the lowest
dose that provided endometrial protection (based on incidence of
hyperplasia detected by endometrial biopsy at month 12) when
added to either CE 0.45mg or 0.625 mg, and that the higher
40mg dose of BZA somewhat reduced therapeutic efficacy
relative to combinations using lower BZA doses.®”®' CE
0.45mg/BZA 20 mg and CE 0.625 mg/BZA 20 mg doses were
selected for the remaining four phase 3 SMART trials, as they
seemed to provide the best balance of endometrial safety while
preserving therapeutic effect.*¢!

Collectively, the five phase 3 SMART trials showed that CE
0.45mg/BZA 20mg and CE 0.625 mg/BZA 20 mg protected
the endometrium, such that hyperplasia rates were <1%,
comparable to placebo,®® and fulfilled both FDA and European
Medicines Agency criteria for endometrial safety.®*** At those
doses, CE’s beneficial effects on hot flushes, BMD, and some
measures of vaginal atrophy were preserved.®'*>”"!

ARE OTHER TSEC COMBINATIONS VIABLE?

Clinical trial data: results of studies with other TSECs
The successful development of CE/BZA raises the question
as to whether other combinations of a single estrogen or group
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of estrogens with a SERM might also be viable menopausal
therapies. Concurrent with the period of CE/BZA’s clinical
development, TSEC combinations using raloxifene as the
SERM were also investigated clinically. Although there were
preliminary indications of efficacy in some of the studies
using oral estrogen/SERM combinations, these TSECs gen-
erally provided inadequate endometrial protection. Inconsis-
tent efficacy and safety results have been reported thus far
with TSEC combinations that have used nonoral estrogens.
Additional details from these investigations are summarized
below.

TSECs using oral estrogens

In a clinical trial of raloxifene 60 mg/d combined with oral
17B-estradiol 1 mg/d (n = 61) compared with raloxifene alone
(n=062) in postmenopausal women with prior HT use, the
TSEC combination significantly (P < 0.001) reduced the
frequency of VMS compared with baseline and with raloxi-
fene alone.”” There was no placebo group, and it was known
that raloxifene alone may exacerbate VMS>%; VMS caused a
higher rate of discontinuation in the raloxifene-alone group
than in the TSEC group in this study. However, after 1 year of
treatment, mean endometrial thickness in the TSEC group
was significantly higher than baseline (+0.74 £0.28;
P <0.01), whereas no increase was seen with raloxifene
alone.”> Two women in the raloxifene/17B-estradiol group
were found to have endometrial hyperplasia.’?

Similarly, a study of postmenopausal women randomized
to raloxifene 60 mg/d alone (n=7) or in combination with
conjugated esterified estrogens 0.312 mg/d (n =7) found that
the latter group had a significant (P < 0.001) reduction in hot
flushes compared with baseline (albeit not compared with
raloxifene alone), but also exhibited a significant (P < 0.02)
increase in endometrial thickness compared with baseline.”

TSECs using nonoral estrogens

A pilot study randomly assigned 60 healthy, nonhysterec-
tomized postmenopausal women with prior HT use to raloxi-
fene 60 mg every other day with either the same dose of
transdermal estradiol or a placebo patch for 8 weeks as one
part of a larger strategy for transitioning women from estrogen
therapy to raloxifene monotherapy.74 During the comparison
phase of the study, participant satisfaction increased among
those assigned to the TSEC and decreased with raloxifene
alone; in addition, the TSEC showed less worsening on the
Menopause-Specific Quality of Life Questionnaire vasomotor
function domain compared with raloxifene alone. However,
the TSEC group showed a mean 0.8 mm increase in endome-
trial thickness, whereas raloxifene alone showed a 0.9 mm
decrease (P =0.021). Hot flushes were the most frequently
reported adverse event, occurring in 37% of the TSEC group
and 50% of the raloxifene group (P =0.297).

In another randomized, placebo-controlled study, 52 post-
menopausal women with moderate-to-severe hot flushes were
treated with raloxifene 60 mg/d alone or with percutaneous
17B-estradiol 0.5 mg gel, or placebo tablet.”” After 3 months,
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the TSEC combination was superior to raloxifene alone but
not to placebo with regard to improvement in Kupperman
index of climacteric symptoms and reduction in hot flush
severity. However, in contrast to the study with transdermal
estradiol, neither treatment significantly affected endometrial
thickness or endometrial proliferation assessed via endome-
trial biopsy or hysteroscopy.

A 6-month randomized, double-blind, study of raloxifene
or placebo in combination with open-label 173-estradiol
vaginal ring releasing 7.5ug/24h in 91 postmenopausal
women with vaginal atrophy found that the addition of
raloxifene did not interfere with the beneficial effects of
the vaginal ring, but the study results pointed to no significant
efficacy advantage from the addition of raloxifene.”® The
TSEC combination was not significantly different from the
ring alone in improving signs and symptoms of vaginal
atrophy or hot flushes. Changes in endometrial thickness
were not significantly different between groups,’® as would
be expected because low-dose vaginal estrogens are consid-
ered appropriate for administration without the addition of
progestogen for endometrial protection.’’

Next steps for TSEC combinations: considerations for
future development

As previous research has shown, SERMs are not inter-
changeable and estrogens are not identical, so each specific
combination of agents would need to be fully evaluated. Just
as each SERM has a unique profile in terms of its ER agonist/
antagonist activity, so does each TSEC combination. As
demonstrated in the clinical trials, careful evaluation and
selection of the doses of the two components of the only
approved TSEC (CE/BZA) was necessary to find the doses
that balance endometrial protection with therapeutic effect,
and to date, no other TSEC combination has been shown to be
adequate in clinical trials. Because other TSECs may be
developed in the future, lessons learned from the nonclinical
and clinical experience to date should help to guide future
TSEC development efforts and are outlined below.

Evidence that each TSEC combination has a unique
profile

Investigations into the molecular mechanisms of estrogens,
SERMs, and eventually TSECs predated and then continued
concurrent with clinical development of the first approved
TSEC. Each estrogen-ER and SERM-ER complex results in a
unique conformation’®®! that affects recruitment of different
coactivators (that facilitate ER agonist activity) and corepres-
sors (that facilitate ER antagonist activity).”*%%%2 Cofactor
recruitment varies in different target tissues based on the
concentration of coactivators and corepressors present in
those tissues, allowing SERMs to be an antagonist in some
tissues and an agonist in other tissues.® When combined with
CE, SERMs may inhibit CE’s cofactor recruitment. BZA has
been found to be less inhibitive of CE’s cofactor recruitment
than raloxifene or lasofoxifene,”® suggesting that it may better
preserve some of CE’s beneficial effects. Inhibition of CE’s

cofactor recruitment correlates with BZA dose,®” again point-
ing to the importance of maintaining the relative doses of the
estrogen (s) and SERM when balancing efficacy and safety.

As aresult of the differences in conformations and recruited
cofactors, estrogens and SERMs also differ with regard to
gene activation. Furthermore, the gene expression profile of
each TSEC is unique and not simply the addition of the
individual SERM and estrogen gene expression profiles
(Fig. 1).”® For example, when CE and BZA are given together,
a distinct heterodimeric ERa conformation results,84 which
causes recruitment of corepressors that inhibit ERa activity in
uterine and breast tissue® and recruits coactivators that result
in cooperative, maximal activation of gene expression in other
tissues.

Cooperative gene expression has also been observed with
other TSEC combinations, and is not limited to CE/BZA.%* A
combination of 17B-estradiol and BZA induced gene expres-
sion at a level similar to that of CE/BZA (Fig. 2A), and
combinations of CE with raloxifene, 4-hydroxytamoxifen,
and fulvestrant also exhibited cooperative gene expression,
though the magnitude of effect, at least with the latter two
SERMs, was not as great as that seen with CE/BZA (Fig. 2B).**

Although the gene expression results with 1783-estradiol
and BZA (Fig. 2A) are compelling, it should be noted that
components of CE recruit different cofactors than 173-estra-
diol alone (Fig. 3).”® The clinical implications of those differ-
ences are, however, not completely understood. It may be
possible to create a TSEC combination that uses 173-estradiol
rather than CE in combination with a SERM; however, results
cannot be assumed to be comparable to those with CE/BZA
without clinical testing. Due to the unique profile of each
TSEC, each individual TSEC combination needs to be evalu-
ated separately in clinical studies to identify appropriate doses
and assess safety and efficacy.

Endometrial safety is essential to any TSEC combination

As the main function of the SERM component of a TSEC
for menopausal symptoms is to provide endometrial protec-
tion, this is a critical feature when selecting potential SERM
compounds for investigation in clinical trials. Tamoxifen
stimulates the endometrium, increasing the risk of hyperplasia
and endometrial cancer, whereas raloxifene, lasofoxifene, and
ospemifene are more neutral.''?>0318594 Bz A is an ER
antagonist in the endometrium; it not only competitively binds
ERs, but also leads to ER degradation in the endome-
trium.®**> As part of a TSEC, BZA counters stimulatory
effects of CE in the endometrium. Supporting the results of
the original proof of concept study described earlier,** a
number of subsequent investigations have similarly reported
that CE alone stimulates endometrial proliferation and
increases uterine weight in ovariectomized rodents and non-
human primates, whereas these effects are blocked when BZA
is added to CE.**%"7 One of these studies also looked at
TSEC combinations of CE with raloxifene, lasofoxifene, or
BZA and found that of the three SERMs, lasofoxifene had the
least CE antagonist effects, whereas the difference between
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FIG. 1. Differential global gene expression profiles of estrogens, SERMs, and their combinations.”® Each row of the heat map represents a specific
gene, and each column provides the results for the different treatment sample. Color and intensity indicate the level of gene expression: red represents a
higher gene expression level, and green represents a lower expression level. The tree-like dendrograms use hierarchical clustering to show similarities
among different genes (left vertical axis) and treatments (top horizontal axis). The calculation settings were done using total number of selected records
(8,374, all genes that were significantly regulated by at least one treatment) that used z-score normalized mean of signal intensities for each treatment
condition. As shown here, each estrogen, SERM, and TSEC combination has a unique gene expression profile; of the tested TSEC combinations, CE/
BZA resulted in a gene expression profile most similar to that of CE or E2. BZA, bazedoxifene; CE, conjugated estrogens; E2, 173-estradiol; LAS,
lasofoxifene; RAL, raloxifene. Reprinted from Berrodin TJ, Chang KC, Komm BS, Freedman LP, Nagpal S. Differential biochemical and cellular
actions of Premarin estrogens: distinct pharmacology of bazedoxifene-conjugated estrogens combination. Mol Endocrinol 2009;23:74-85, by

permission of Oxford University Press.

BZA and raloxifene was not statistically different based on
uterine wet weight (Fig. 4).”

Recently, investigations into SERM and TSEC effects on
endometrial cell gene expression have further elucidated
reasons that individual SERMs and TSEC combinations differ
in their effects on the endometrium. BZA alone or in combi-
nation with 17B-estradiol significantly increased expression
of EMX2, which has been found to inhibit proliferation of
endometrial cells, and BZA significantly blocked 173-estra-
diol-induced increases in expression of HOXA10 messenger
RNA, which mediates endometrial cell proliferation and
differentiation.”® In contrast, raloxifene/17B-estradiol did
not increase EMX2 expression, nor did raloxifene inhibit
17B-estradiol-induced increases in HOXA10 expression.”®
BZA alone has been found to decrease expression of leukemia
inhibitory factor (LIF), another marker of estrogen’s prolif-
erative effects on endometrial cells, whereas other SERMs
(raloxifene, tamoxifen, and lasofoxifene) had no significant
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effect on LIF.”® BZA, lasofoxifene, and raloxifene (but not
tamoxifen) were all able to block 17B-estradiol-induced LIF
expression.”®

Although expression of FGF18 was increased in endome-
trial adenocarcinoma cells, BZA inhibited FGF18 expression
by 13% to 20% in endometrial stromal cells (P < 0.05).” As
fulvestrant was not found to inhibit expression of FGF18, this
effect with BZA is likely separate from its ability to degrade
the ER, and serves as a possible second mechanism by which
it protects the endometrium.”” BZA also suppressed CE-
induced increases in FGF18 expression in mice, confirming
the in vitro findings in vivo.”

One other SERM that may be an ER antagonist in the
endometrium is ormeloxifene, which has been used in India
for contraception in premenopausal women and manage-
ment of dysfunctional uterine bleeding.'**'°! Ormeloxifene
has been found to inhibit ER binding to coactivator SRC-1
as well as DNA elements, thereby potently antagonizing

© 2018 The Author(s)
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FIG. 2. Different estrogens and SERMs synergistically activate chimeric reporter genes.® Luciferase reporter assays allow measurement of gene
expression at a transcriptional level. Such assays make use of the fact that luciferases are a bioluminescent enzyme. The regulatory region of the gene of
interest (in this case, variants of the ERa gene) are cloned upstream of the luciferase reporter gene (Luc) and the resulting DNA vector is introduced into
cells. A luminometer is then used to measure light emission from any expressed proteins. Luciferase activity correlates with the activity of the gene of
interest. Here, specifically, HeLa cells were cotransfected with 1 pg of GERE-Luc reporter gene and 5 ng each of the expression vectors for ERa-
G521R and ERa(GSCKYV). One day after transfection, cells were treated for 24 hours with different variations of estrogens and SERMs to evaluate gene
expression with each agent separately and cooperatively under combination conditions. Panel A depicts the ability of an ER« agonist (either 100 nM CE
or 100 nM E2) to stimulate GERE-Luc receptor activity, alone or in combination with 10 nM BZA. Panel B depicts receptor activity after treatment with
100nM CE, alone or combined with 10 nM of four different SERMs. Data are presented as relative luciferase activity compared with 100nM E2 +
10 nM BZA-treated samples. Values represent the average - SEM of three independent experiments. The insert in (B) is a Western blot showing ER
expression levels after 24-hour treatment with the indicated ligands. B and BAZ, bazedoxifene; CE, conjugated estrogens; E2, 17B-estradiol; ER,
estrogen receptor; I, ICI 182,780 [fulvestrant]; R, raloxifene; SEM, standard error of the mean; SERMs, selective estrogen receptor modulators; T, 4-
hydroxytamoxifen. Reprinted from Liu S, Han SJ, CL Smith CL. Cooperative activation of gene expression by agonists and antagonists mediated by

estrogen receptor heteroligand dimer complexes. Mol Pharmacol 2013;83(5):1066-1077.

estrogen-induced gene expression in the endometrium.?’-*®

When given in combination with 173-estradiol, ormelox-
ifene increased interactions of ERa with corepressors
RIP140 and NCoR, and like BZA, decreased ERa expres-
sion.?® Ormeloxifene modestly increases uterine wet weight
in ovariectomized rats, suggesting mild agonist activity, but
when given in combination with 173-estradiol or ethyny-
lestradiol the increase is significantly less than with either
estrogen alone, albeit still greater than in control animals.?®"
2% Ormeloxifene has not been evaluated clinically as part of
a TSEC.

Given the myriad of individual effects exhibited by SERMs
alone and in combination with estrogen (s), data from well-
designed, long-term clinical studies are essential to confirm
the endometrial safety profile predicted from preclinical data.
Clinical data support the endometrial safety of BZA alone and
in combination with CE. As noted earlier, the SMART trials
confirmed that CE 0.45mg/BZA 20mg and CE 0.625mg/
BZA 20 mg are associated with endometrial hyperplasia rates
comparable to placebo.®” Additional long-term safety data on
BZA alone in postmenopausal women with osteoporosis
showed no increase in risk of endometrial thickness or
hyperplasia, and a significantly lower incidence of endome-
trial cancer compared with placebo at 7 years of follow-up
(0.1% vs 0.4%; P = 0.020).'°% As discussed earlier, oral TSEC
combinations using raloxifene have thus far not demonstrated
adequate endometrial safety.”*"

Effects on the breast are another important consideration

Current SERMs are all ER antagonists in the breast
(Table 1). Tamoxifen and raloxifene reduce the risk of breast
cancer in postmenopausal women,''-1287:90-103-106 A tria] of
lasofoxifene in postmenopausal women with osteoporosis
also found a reduced risk of invasive breast cancer compared
with placebo.'®” Tamoxifen and fulvestrant are established
breast cancer treatments.’-'*%'10

Preclinical evidence suggests that BZA antagonizes the
effects of estrogens in the breast.”* In several investigations,
BZA countered proliferation of MCF-7 breast cancer cells
induced by either 17B-estradiol’®''""''? or CE."'*'"* BZA
was better able to antagonize the effects of CE on these cells
than either raloxifene or lasofoxifene.''® Furthermore, BZA
inhibited CE-stimulated breast cell proliferation (measured by
Ki67 staining revealed by immunocytochemistry or BrdU
incorporation measured by ELISA) to lower than that
observed in vehicle-treated control glands.''*''* In a study
of nonhuman primates, BZA countered CE-induced increases
in epithelial density and the proliferation marker Ki67, and
also prevented CE-induced lobular enlargement on histopath-
ological analysis of the breast.''®

Gene expression analysis showed that BZA selectively
antagonized many genes in the breast that are stimulated
by CE or 17B-estradiol.''®!"* The antagonized CE-regulated
genes only partially overlapped with those antagonized by
other SERMs (raloxifene and lasofoxifene).'' In a separate
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FIG. 3. Differential cofactor recruitment for (A) 17B-estradiol and (B) CE.”® In conjunction with ligand binding, the interaction of ERa with
coactivators and corepressors modulates gene transcription and influences whether a given ligand (eg, an estrogen or SERM) has agonist or antagonist
activity in a particular tissue. Each unique receptor conformation resulting from ligand binding may recruit different coactivators or corepressors. This
figure shows a comparison of the binding profiles of ERa-LBD to various different cofactor peptides in the presence of increasing concentrations of
17B-estradiol and CE mix. The multiplex ERa-cofactor peptide recruitment assay was performed in a dose-response mode using 300 nm to 0.1 nm 173-
estradiol (A) or 1000 nm to 0.3 nm of the CE mix (B). The mean fluorescence intensity for each dose (indicative of the magnitude of interaction between
the peptide cofactor and ERa) was plotted for 35 of the peptides tested. Note that the cofactor recruitment profile for 173-estradiol (A) differs from that
of CE (B). CE, conjugated estrogens; ER, estrogen receptor; LBD, ligand-binding domain. Reprinted from Berrodin TJ, Chang KC, Komm BS,
Freedman LP, Nagpal S. Differential biochemical and cellular actions of Premarin estrogens: distinct pharmacology of bazedoxifene-conjugated
estrogens combination. Mol Endocrinol 2009;23:74-85, by permission of Oxford University Press.
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FIG. 4. Uterine wet weight after treatment with estrogens, SERMs, and
TSECs in ovariectomized C57BL/6 female mice.”” Uterine wet weight
after treatment with bazedoxifene (2 mg/kg), raloxifene (10 mg/kg), and
lasofoxifene (2 mg/kg) alone and in combination with CE (3 mg/kg) for 14
d (n="7-10/group) in ovariectomized 4-week old, sexually immature mice.
Groups labeled with the same letter are statistically similar (P > 0.05).
BZA, bazedoxifene; CE, conjugated estrogens; E2, 173-estradiol; LAS,
lasofoxifene; RAL, raloxifene; SE, standard error; V, vehicle. Reprinted
from Peano BJ, Crabtree JS, Komm BS, Winneker RC, Harris HA. Effects
of various selective estrogen receptor modulators with or without conju-
gated estrogens on mouse mammary gland. Endocrinology
2009;150:1897-1903, by permission of Oxford University Press.

investigation, CE/BZA was at least as efficacious in inhibiting
the proliferation of MCF-7 breast cancer cells as raloxifene or
lasofoxifene in combination with CE, despite the fact that
raloxifene and lasofoxifene antagonized expression of more
CE-regulated genes.”®

In preclinical studies of mammary gland whole mount
morphology, CE and 17B-estradiol showed stimulatory
effects in breast tissue (increased ductal branch points,
increased ductal length and invasion into the fat pad, and/
or increased terminal end bud formation), but these effects
were blocked when these estrogens were combined with
BZA. 27" In one such study looking at the effects of
multiple SERMs, BZA and raloxifene, but not lasofoxifene,
reversed 17B-estradiol-induced terminal end bud formation.*

As in the endometrium, BZA degrades ERa in breast
cells. #8215 1t does so to a greater extent than raloxifene,
tamoxifen, or lasofoxifene, and similar to that of the SERD
fulvestrant.>>'!"! In one of these investigations, BZA inhibited
the growth of tamoxifen-sensitive and tamoxifen-resistant
breast cancer xenografts, and this effect appeared to be
independent of its ability to degrade ERa.*?

SERM and TSEC effects on bone

With the exception of fulvestrant, all SERMS are ER
agonists in bone and protect against postmenopausal bone
loss.” 12116117 B7 A and raloxifene are used for prevention
of bone loss in postmenopausal women. An in vitro study
found that BZA protects osteoblasts from apoptosis induced
by homocysteine, the levels of which rise during and after
menopause.''® In a 3-year trial of postmenopausal women
with osteoporosis, BZA 20mg reduced the risk of new
vertebral fractures by 42% (HR 0.58, 95% CI, 0.38-0.89),
as did raloxifene 60mg (HR 0.58, 95% CI, 0.38-0.89).'""

Neither SERM significantly affected the overall incidence of
nonvertebral fractures.'!”

A recent preclinical investigation offers a possible expla-
nation for why BZA had greater benefits with regard to
vertebral versus nonvertebral fracture reduction: in ovariec-
tomized mice, BZA, raloxifene, and lasofoxifene all increased
trabecular bone mass in the axial skeleton; however, only
raloxifene and lasofoxifene increased the thickness and bio-
mechanical strength of cortical bone (although raloxifene also
increased its porosity).!'® All of these effects were mediated
via ERa activation function-1.

Recent preclinical investigations have helped elucidate the
mechanisms by which BZA and CE/BZA help protect against
bone loss. In one such investigation, both BZA and CE/BZA
produced a small increase in ERa in bone tissue, in contrast to
BZA’s degradation of ERa in the uterus and breast.** In
another, CE/BZA preserved BMD, bone microstructure, and
bone quality over 12 months in ovariectomized rats.'?° Clini-
cally, it remains unclear whether there is a slight attenuation
of benefit when CE and BZA are combined compared with CE
alone, but the combination nonetheless slows the bone loss
associated with menopause.””®’

SERM and TSEC effects on vaginal tissue

As previously reviewed by Pinkerton and Stanczyck,'?'
ospemifene is the only currently available SERM that exhibits
beneficial ER-agonist effects on vaginal tissue when admin-
istered alone. Although most other SERMs have neutral or
inconsistent effects on vaginal tissue, tamoxifen may have
adverse gynecologic effects including dyspareunia and vagi-
nal dryness, as well as increased risk of uterine cancer.'?!

In phase 3 trials, ospemifene 60 mg given orally signifi-
cantly improved vaginal maturation index and pH, and
reduced dyspareunia compared with placebo in postmeno-
pausal women with vulvovaginal atrophy.”*'?*!% A study
comparing vaginal histologic findings in postmenopausal
users and nonusers of ospemifene found that ospemifene
improved vaginal maturation, increased proliferation index,
and increased ERa expression in the vaginal mucosa.'**

The approved TSEC combination CE 0.45 mg/BZA 20 mg
resulted in significant improvements in vaginal maturation
index and vaginal dryness, and increased vaginal lubrication,
and improved sexual function compared with placebo in
postmenopausal women with vulvovaginal atrophy.®¢-¢”

CONCLUSIONS

Early investigations of SERMs led to the critical discovery
that these agents were not pure antiestrogens, as initially
thought. Rather, they were ER antagonists in some tissues
(eg, breast) and ER agonists in other tissues (eg, bone).
Subsequent investigations of SERMs have led to the under-
standing that each has a unique tissue-specific profile of
activity, resulting from differences in their SERM-ER confor-
mations, cofactor recruitment, and gene expression. None of
the currently available SERMs have, however, been successful
as treatments for VMS because they tend to exacerbate them.
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This led to consideration of whether combining SERMs
with estrogens would result in a blended profile of tissue-
specific activity unique from either estrogens or SERMs
alone. It was found that estrogen/SERM combinations,
termed TSECs, also each exhibit a unique profile with
regard to tissue-specific activity and gene expression.
Thus, neither the estrogen nor the SERM components
are interchangeable, and each pairing requires extensive
clinical testing to confirm that it is effective and that
undesired effects (eg, endometrial hyperplasia) are not
manifested.

Dose-finding studies of the first such approved TSEC, CE/
BZA, revealed that it is necessary to carefully select the dose
of each component to create the best balance of endometrial
protection and therapeutic effects on VMS and bone. This
ultimately led to approval of CE 0.45 mg/BZA 20 mg. Com-
binations using higher or lower doses would impact the
endometrial safety and efficacy profile, and it cannot be
assumed that other doses or other estrogen/SERM combina-
tions will provide the same results observed with the approved
dose of CE/BZA.

Because the SERM component’s primary function is to
counter the effects of the estrogen component on the endo-
metrium to protect against endometrial hyperplasia and can-
cer, success of any TSEC combination depends on the SERM
acting as an ER antagonist in the endometrium. The lack of a
strong ER antagonistic effect on the endometrium has limited
the potential of SERMS other than BZA as TSEC compo-
nents, and studies of oral 17(3-estradiol/raloxifene and conju-
gated esterified estrogens/raloxifene have not demonstrated
endometrial safety.

It is possible and perhaps likely that new SERMs and other
TSECs will eventually be developed. Based on the lessons
learned from the collective experience to date, it is essential
that clinical trials be conducted with new TSECs to determine
their optimal dose ratio and establish adequate efficacy and
safety profiles, especially endometrial safety, before they are
used in a clinical setting.
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