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ABSTRACT

Metastatic breast cancer (MBC) results in substantial morbidity
and mortality for women afflicted with this disease. A majority
of MBCs are hormone-responsive and estrogen receptor-
positive, making endocrine therapy (ET) an integral component
of systemic therapy. With a primary goal of minimizing the
effects of estrogen on hormone-responsiveMBC, ETs are among
the first targeted treatments that aim to inhibit the influence of
estrogen receptor activation on tumor proliferation. Several bio-
chemical mechanisms have been the focus of drug development
for treatment, including selective estrogen-receptor modula-
tion, aromatase inhibition, and selective estrogen-receptor deg-
radation. Treatments that exploit these mechanisms have
improved survival and quality of life for women with MBC.

However, in many cases, resistance to ET limits their effective-
ness. Elucidation of the complex cellular signal cascades
involved in the development of acquired resistance to ET and
the interrelationship of growth factor signaling and estrogen
responsiveness have characterized components of these path-
ways as attractive targets for drug development. Based on these
insights and with the aim of overcoming hormone resistance,
targeted therapies are emerging as useful treatments for MBC.
This article reviews current endocrine treatments of MBC as
well as recent and ongoing study of combination treatments
and targeted therapies that interfere with cellular proliferation
pathways as means of overcoming resistance. The Oncologist
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Implications for Practice: This review provides medical oncologists and other oncology health care providers with a current
understanding of the rationale for endocrine therapy in estrogen receptor-positive metastatic breast cancer and the efficacy and
safety profile of available treatment options. Additionally, current concepts regarding the development of treatment resistance and
the treatment strategies for overcoming resistance are discussed. Enhancing the current information and the understanding of
these topics will assist clinicians in evaluating optimal treatment options for their patients.

INTRODUCTION

Breast cancer (BC) is the most common malignancy and the
second leading cause of cancer-related death among women
in the U.S., with approximately 250,000 new cases diagnosed
and over 40,000 deaths occurring in 2016 [1]. Based on data
from 2006 to 2012, the 5-year relative survival of individuals
with BC of all stages is 89.7% [2]. Although the survival of
patients with early BC (defined as cancers that may have
spread to nearby lymph nodes but not to distant parts of the
body, i.e., stages I, IIA, IIB, and IIIA) is favorable, the survival
of patients with advanced metastatic BC (MBC) is poor; the
5-year relative survival is 100% for stage I, 93% for stage II,
72% for stage III, and 22% for stage IV [3, 4]. Overall, for
those with MBC, 5-year survival is approximately 26% [2].

This review will focus on the use of endocrine therapy (ET) in
the management of postmenopausal estrogen receptor (ER)-
positive (ER1) MBC.

Approximately 75% of patients with BC are ER1 [5, 6].
These tumors are associated with better survival than those
with low or no ER expression. In two large studies of women at
varied stages of BC, 5-year survival is approximately 10%–15%
better for women with ER1 BC than for those with ER-
negative (ER2) BC, ranging between approximately 85%–95%
for ER1 and 69%–81% for ER2 BC [7, 8]. Estimates suggest
that approximately 6% of newly diagnosed BC cases present
with metastatic disease and that recurrence from early stage to
distant sites occurs in 20%–50% of cases [9, 10]. A population-
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based cohort study found that ER1 status was a significant pre-
dictor of improved survival in women with MBC [11].

Systemic pharmacotherapy, the mainstay for treating MBC,
is aimed at preventing or slowing MBC progression and its
related morbidity and maintaining quality of life (QOL) [12, 13].
Retrospective survival analyses suggest that improved systemic
treatment options for MBC over the past several decades may
be responsible for observed improvement in survival of
patients with MBC [11, 14]. Such systemic treatments include
chemotherapy, hormonal therapy, biological targeted therapy,
and supportive therapy [12]. For patients with advanced MBC,
the choice of therapy is based on considerations related to
patient characteristics and comorbidities, disease status, prior
treatments, and biological characteristics of the tumor [12, 13].
Among the important patient factors are age, menopausal sta-
tus, performance status (e.g., general well-being and perform-
ance of activities of daily living), and comorbidities, as well as
psychological, socioeconomic, and logistical factors. Previous
systemic therapy and response, disease-free interval, potential
impact on QOL, and whether the patient has a visceral crisis or
is in need of rapid symptom control are factors that are also
considered [15]. Recent scientific advances have established
hormone-receptor status and human epidermal growth factor
2 (HER2) status as important predictive markers for disease pro-
gression and treatment effectiveness [12, 16].

The main goals of therapy for MBC are palliation with
improvement or maintenance of QOL and, potentially, exten-
sion of survival [15, 17]. Several population studies document
improvement, albeit modest, in mortality rates over the past
few decades in patients with MBC [11, 14, 18]. On the other
hand, a recent review of data from studies by the Eastern Coop-
erative Oncology Group found improvement in post-recurrence
survival in the ER1 subgroup but no substantial improvement
in overall survival (OS). These differences may be due to the
impact of increased availability of effective treatments and
improved sequencing of treatments in the population-based
analyses [19].

Cytotoxic chemotherapy and ET have been cornerstones in
the management of MBC [16]. Anthracyclines and taxanes are
commonly used chemotherapeutic agents in both the early
and advanced disease settings [20]. However, they are associ-
ated with substantial toxicity, and, with their extensive use,
resistance may be observed in individuals with MBC [21]. A
variety of ET options are available, including oophorectomy,
gonadotropin-releasing hormone analogues, aromatase inhibi-
tors (AIs), selective ER modulators (SERMS), and selective
ER degraders (SERDs) [22, 23].

ET is an effective option for treating pre- or postmeno-
pausal women with early-stage BC or ER1 MBC in the absence
of immediate, life-threatening disease. In the setting of ER1

BC, the efficacy of ET is at least equal to chemotherapy, with a
better tolerability profile [24]. Because many women are
treated with ET before presenting with MBC, the selection of
ETs in postmenopausal ER1 MBC will be influenced by prior
exposure and previous outcomes of ET used in adjuvant treat-
ment.With the emphasis on palliation and maintaining QOL for
patients with MBC, clinical guidelines generally recommended
that cytotoxic chemotherapy be reserved for patients with
ER2 MBC, those who are refractory to ET, or those who have
life-threatening complications [12].

MATERIALS AND METHODS

A literature review of PubMed was performed to locate publi-
cations on treatment strategies in ER1 MBC related to ET and
targeted therapies, particularly those reporting the findings of
key clinical trials (i.e., randomized phase 2 and 3) that may
influence clinical decision-making. Manual search strategies
were performed to identify relevant conference presentations
of interest (i.e., the American Society of Clinical Oncology
annual meetings, San Antonio Breast Cancer Symposium,
American Association for Cancer Research). Ongoing clinical tri-
als were identified by searching the U.S. National Institutes of
Health database (www.clinicaltrials.gov).

RESULTS

Mechanism of Action and Effects of ETs
ETs for ER1 MBC target either estrogen production or the ER
system and bind to ER in tumor cells and other human tissues
[25, 26]. SERMs, such as tamoxifen and toremifene, are cyto-
static agents that competitively bind to ER in tumor cells and
breast tissue, producing receptor dimerization and a nuclear
complex that decreases DNA synthesis and inhibits estrogenic
effects [27]. The downstream effects of the binding of SERMs
to ER are tissue-specific. These effects may also differ among
specific agents, acting as antagonists in BC tissue and, alterna-
tively, as partial agonists in some tissues, such as endometrium
and bone. SERMs are orally administered, generally well toler-
ated, and protective for bone mineral density. Common
adverse events (AEs) associated with anti-estrogen therapy
include vaginal bleeding (that is more likely attributable to the
estrogen agonistic activity of antiestrogen therapy) and hot
flashes. Serious AEs such as thromboembolic events have
occurred. The incidence of any thromboembolic events in
women with early BC receiving adjuvant tamoxifen is approxi-
mately 3%–4% [28, 29]. Tissue-specific effects of tamoxifen on
the uterus are associated with a low but significantly increased
incidence of endometrial cancer of 2.20 per 1,000 women-
years compared with 0.71 for placebo [30, 31].

Other ETs include the third-generation, oral AIs. Aromatase
is a cytochrome P450 enzyme involved in the synthesis of estro-
gen. Therefore, AIs function as antiestrogens by decreasing the
biosynthesis of estrogen from androgens, the primary estrogen
biosynthesis pathway in postmenopausal women [32]. AIs are
not beneficial for premenopausal women because the ovaries
are the primary site of estrogen biosynthesis prior to meno-
pause. There are two categories of AIs: the steroidal inhibitor
exemestane and nonsteroidal inhibitors such as anastrozole
and letrozole [32, 33]. Exemestane, a type 1 steroidal AI, binds
irreversibly to aromatase, causing permanent inactivation of
the enzyme even after the drug is cleared from circulation.
Nonsteroidal (type II) AIs such as anastrozole and letrozole bind
reversibly to aromatase, thereby inhibiting the synthesis of
estrogen [32]. Clinical data pertaining to the effects of AIs on
bone mineral density demonstrate that both type I and type II
AIs may reversibly increase bone resorption; therefore, these
agents may increase the risk of bone fractures [34]. Other
potential clinically significant AEs of these agents may include
dyslipidemia and joint pain/stiffness [35].

SERDs demonstrate different structure, pharmacologic
properties, and molecular activity in comparison with SERMs.
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In contrast, SERDs are pure ER antagonists, exhibiting exclu-
sively anti-estrogenic effects [36], by which they block and
downregulate ER activity, accelerate degradation of the ER, and
inhibit the proliferation of estrogen-dependent breast tumor
cells [36, 37].

Fulvestrant is a SERD approved for treatment of hormone
receptor (HR)-positive (HR1) MBC in postmenopausal women
with disease progression following ET. It is similar to tamoxifen
in that fulvestrant binds competitively to the ER but with a
higher affinity (IC50 0.89 versus .025) [38–40]. However, in con-
trast to tamoxifen’s partial agonist activity, fulvestrant blocks
estrogen-sensitive gene transcription, resulting in no known
agonist activity. In addition, fulvestrant inhibits ER dimerization
and translocation to the nucleus and accelerates ER degrada-
tion, resulting in complete suppression of estrogenic effects on
breast tissue [41, 42]. Common AEs associated with fulvestrant
include menopause-like symptoms such as hot flashes [43].

Another therapeutic option for postmenopausal women
with MBC is the semi-synthetic progestin megestrol. Although
its mechanism of action is not yet fully understood, proposed
mechanisms include interaction with the steroid (progesterone,
glucocorticoid, and androgen) receptors, reduced cellular estro-
gen uptake, and growth factor interactions, as well as suppres-
sion of adrenal steroid production and ovarian secretion of
androgens [44]. As described below, the use of megestrol for
treatment of ER1 MBC has decreased with the discovery of
more effective and tolerable treatments. However, it continues
to be a second- or third-line hormonal treatment option for
patients who have relapsed on SERM and AI agents [45]. Side
effects of megestrol are related to its antiestrogenic and antian-
drogenic effects and include weight gain, edema, and break-
through menstrual bleeding. Potentially serious effects include
thromboembolic events [46].

Lastly, other available therapies for postmenopausal
women with ER1 MBC include high-dose estrogen and andro-
gens [12, 47–50]. Androgenic agents such as nandrolone dec-
anoate have been used as third-line agents [45], and
fluoxymesterone is an option for endocrine-resistant disease
[12, 51, 52]. High-dose ET (diethylstilbestrol or ethinylestradiol)
may represent an option as a salvage treatment for postmeno-
pausal women with late-stage ER1 MBC after resistance to AI
therapy [12, 52].

Clinical Efficacy of ETs
Tamoxifen has been an important ET since seminal studies
demonstrated its activity against advanced MBC [53]. Over 3
decades of clinical studies, tamoxifen has demonstrated effi-
cacy and a favorable toxicity profile compared with chemother-
apy as first-line treatment of ER1 MBC. A systematic review of
86 clinical trials found that patients treated with tamoxifen had
an objective response rate (ORR5 complete response [CR] and
partial response [PR]) of 34%; 19% of patients in these studies
achieved stable disease (SD) for at least 6 months [54]. Toremi-
fene, another SERM indicated for treatment of postmeno-
pausal women with ER1 MBC, is considered equivalent to
tamoxifen in terms of both efficacy and safety [55].

An overview of available ET for ER1 MBC is provided in
Table 1 [56–68]. In early studies of second-line treatment, AIs
were superior to megestrol in time to progression (TTP) or
other measures of efficacy, with some studies also

demonstrating significant improvements in survival. In the last
decade, AIs have mostly replaced earlier treatments as first-
and second-line treatment in postmenopausal women with
advanced MBC [69–71].

AIs have demonstrated equivalent or superior response
compared with tamoxifen as first-line treatment (Table 1)
[56–59]. Although Bonneterre and colleagues did not report
superiority of 1 mg of anastrozole daily compared with 20 mg
of tamoxifen daily, fewer than 45% of patients enrolled in
TARGET were confirmed to be ER1 [57]. In contrast, Nabholtz
and colleagues did demonstrate superiority of anastrozole ver-
sus tamoxifen in a cohort that was 85.7% ER1 [56]. Ferretti
and colleagues examined 6 phase 3 trials involving 2,787
women treated with AIs versus tamoxifen. They confirmed a
significant advantage in ORR, TTP, and disease control rate
(DCR5 CR1 PR1 SD), but no difference was found in OS [72].
Tamoxifen was associated with significantly more thromboem-
bolic events and vaginal bleeding than the AIs. Hot flashes,
vomiting, and musculoskeletal pain were slightly more frequent
with AIs.

Limited data on tamoxifen as second-line treatment after
failure on AIs and progression of MBC suggest clinical benefit in
almost 50% of patients, but less than 10% achieved an objec-
tive response [73]. Although the implications of the pharmaco-
dynamic differences between type I and type II AIs have not
been fully elucidated, study data suggest that sequential
administration after initial treatment failure may result in dis-
ease control. Among 241 patients who progressed on nonster-
oidal AIs, exemestane resulted in clinical CR in 1.2% of patients
and PR in 5.4% (ORR 6.6%); SD for at least 6 months was seen
in 41.9% of patients, and the median TTP was 14.7 months
[74]. In another small exploratory study, exemestane demon-
strated clinical efficacy after relapse on nonsteroidal AIs and,
likewise, nonsteroidal AIs also exhibited efficacy after relapse
on exemestane [75]. In the BOLERO-2 trial, among 239 patients
treated with placebo plus exemestane, ORR was 2.1% by cen-
tral assessment, and the median progression-free survival (PFS)
was 4.1 months [76].

Although the implications of the pharmacodynamic
differences between type I and type II AIs have not
been fully elucidated, study data suggest that sequen-
tial administration after initial treatment failure may
result in disease control.

As outlined herein, much of the data on the efficacy and
safety of fulvestrant is with the initially approved monthly dose
of 250 mg as first- and second-line treatment compared with
SERMs and AIs (Table 1) [60, 62, 63]. Similar first-line efficacy
with fulvestrant was shown versus tamoxifen and anastrozole
[60]. Two clinical trials and a subsequent survival analysis of
these studies confirmed similar responses to fulvestrant and
anastrozole in second-line treatment of MBC [62, 63, 77].

In the CONFIRM trial, patients were randomized to receive
500 mg of fulvestrant on days 0, 14, 28, and every 28 days
thereafter or 250 mg on days 0, 28, and every 28 days there-
after. The primary endpoint, PFS, was significantly longer for
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the 500 mg versus 250 mg group (median PFS 6.5 versus 5.5
months, respectively; hazard ratio [HR], 0.80; 95% confidence
interval [CI], 0.68–0.94; p 5 .006). However, ORR and DCR were
similar in both arms (ORR, 9.1% versus 10.2%; DCR, 45.6% ver-
sus 39.6%) [65]. A final data analysis demonstrated that median
OS was 26.4 versus 22.3 months with 500 mg of fulvestrant ver-
sus 250 mg, respectively (HR, 0.81; 95% CI, 0.69–0.96; nominal
p 5 .016). These data indicate that 500 mg of fulvestrant is
associated with a clinically relevant 4.1-month difference in
median OS and 19% reduction in risk of death compared

with250 mg of fulvestrant [66]. The safety profiles of fulvestrant
doses were similar, and no new safety concerns were noted.

A dose of 500 mg of fulvestrant was approved in 2010 for
treatment of ER1 MBC in postmenopausal women [78]. To
assess fulvestrant efficacy in first-line treatment, the FIRST trial
compared 500 mg of fulvestrant with 1 mg of anastrozole as
first-line treatment in ER1 MBC [61]. Fulvestrant was at least
as effective as anastrozole in terms of DCR and ORR but was
associated with significantly longer TTP. In the OS analysis for
FIRST, which was added to the protocol as an endpoint in an

Table 1. Clinical trials of endocrine treatment as monotherapy or in combination with other endocrine therapies for ER1

MBC

Study Treatment n ORR (%) DCR (%)
Median TTP/
PFS (months)

Aromatase inhibitors as first-line treatment

Nabholtz et al. 2000 [56] Anastrozole, 1 mg daily 171 21.1 59.1 11.1 (p 5 .005)

Tamoxifen, 20 mg daily 182 17.0 45.6 5.6

Bonneterre et al. 2001 [57] Anastrozole, 1 mg daily 340 29.0 57.1 8.5

Tamoxifen, 20 mg daily 328 27.1 52.0 7.0

Mouridsen et al. 2003 [58] Letrozole, 2.5 mg daily 453 30 (p< .001) 49 (p 5 .001) 9.4 (p 5 .001)

Tamoxifen, 20 mg daily 454 20 38 6.0

Paridaens et al. 2008 [59] Exemestane, 25 mg daily 182 46 (p 5 .005) NR 9.9 (p 5 .121
[log-rank],
p 5 .028
[Wilcoxon])

Tamoxifen, 20 mg daily 189 31 NR 5.8

Fulvestrant as first-line treatment

Howell et al. 2004 [60] Fulvestrant, 250 mg monthly 313 31.6 54.3 6.8

Tamoxifen, 20 mg daily 274 33.9 62 8.3

Robertson et al. 2009 FIRST [61] Fulvestrant, 500 mg day 0;
500 mg days 14, 28, and every
28 days thereafter

102 36.0 72.5 Not reached
(p< .05)

Anastrozole, 1 mg daily 103 35.5 67.0 12.5

Fulvestrant as second-line treatment

Fulvestrant, 250 mg monthly 206 17.5 42.2 5.4

Anastrozole, 1 mg daily 194 17.5 36.1 3.4

Fulvestrant, 250 mg monthly 222 20.7 44.6 45.5.5

Anastrozole, 1 mg daily 229 15.7 45.0 5.1

Chia et al. 2008 EFECT [64] Fulvestrant, 500 mg day 0;
250 mg days 14, 28, and every
28 days thereafter

351 7.4 32.2 3.7 (p 5 .653)

Exemestane, 25 mg/day orally 342 6.7 31.5 3.7 (p 5 .653)

Di Leo et al. 2010
CONFIRM [65, 66]

Fulvestrant, 500 mg day 0;
500 mg days 14, 28, and every
28 days thereafter

362 9.1 45.6 6.5 (p 5 .006)

Fulvestrant, 250 mg every 28 days 374 10.2 39.6 5.5

Fulvestrant as first-line combination treatment

Mehta et al. 2012 SWOG [67] Fulvestrant, 500 mg day 0;
250 mg days 14, 28, and monthly
thereafter1Anastrozole, 1 mg daily

349 NR NR 15 (p 5 .007)

Anastrozole, 1 mg daily 345 NR NR 13.5

Bergh et al. 2012 FACT [68] Fulvestrant, Loading dose 500 mg;
250 mg days 15 and 291
Anastrozole, 1 mg daily

258 31.8 55.0 10.8

Anastrozole, 1 mg daily 256 33.6 55.1 10.2
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amendment after the original protocol was developed, treat-
ment with 500 mg of fulvestrant resulted in a statistically signif-
icant OS benefit compared with anastrozole (median OS 54.1
versus 48.4 months, respectively; HR, 0.70; 95% CI, 0.50–0.98;
p 5 .041). This benefit was observed across prespecified sub-
groups [79]. The phase 3 FALCON trial is being conducted in
postmenopausal women with HR-positive locally advanced BC
or MBC who have not previously been treated with hormone
therapy. The primary study endpoint is PFS, and the results are
expected to be presented in 2016. [80]. The FALCON and FIRST
studies differed because FALCON enrollment was limited to de
novo patients.

Research continues to examine whether ET with more than
one endocrine agent could improve responsiveness over single
endocrine agents. Fulvestrant, administered alone or with anas-
trozole, has also been examined as second-line treatment ver-
sus exemestane after relapse on nonsteroidal AIs. The SoFEA
trial in postmenopausal women with HR-positive BC who
relapsed or progressed with locally advanced or metastatic dis-
ease on a nonsteroidal AI found no differences between fulves-
trant (500 mg on day 1, followed by 250 mg on days 15 and 29,
and then every 28 days) plus placebo versus fulvestrant plus
anastrozole (1 mg per day), or between fulvestrant plus placebo
versus exemestane (25 mg per day) in terms of DCR, ORR, and
OS [81]. The FACT trial examined combination treatment of ful-
vestrant (500 mg on day 1 and 250 mg on days 15 and 29, and
thereafter every 28 days) plus 1 mg per day of anastrozole com-
pared with anastrozole alone as first-line treatment after first
relapse on nonsteroidal AIs. It also failed to demonstrate clinical
benefit for combination therapy versus monotherapy [68]. The
SWOG study used a similar dosing regimen but in patients who
had no prior chemotherapy, hormonal therapy, or immunother-
apy for metastatic disease. It demonstrated that combination
therapy with fulvestrant and anastrozole significantly improved
median PFS (15.0 versus 13.5 months; p 5 .007) and median
OS (47.7 versus 41.3 months; p 5 .049) versus anastrozole
alone [67]. Because of the difference in study populations, the
percentage of ET-na€ıve patients was disproportionately higher
in SWOG (59.7%) versus FACT (34.4%), which may have contrib-
uted to the difference in the outcomes.

Disease Progression After ET
Evidence exists that ER1 MBC may either be unresponsive to
ET (de novo resistance) or lose endocrine responsiveness by
upregulating other signaling pathways involved in cell survival
and proliferation (i.e., acquired endocrine resistance) [82]. Sev-
eral mechanisms may be responsible for acquired endocrine
resistance, including downregulation or loss of ER expression,
ER mutations generating mutant ER isoforms, or altered expres-
sion or activity of ER coregulators [83–85]. Phosphorylation,
methylation, ubiquitination, and additional posttranslational
modifications of ER and its coregulators have been shown to
influence ER activity and sensitivity to ET [84]. Preclinical data
suggest that crosstalk between growth factor receptor and ER
pathways may mediate the development of resistance to ET in
ER1 MBC [86, 87]. Growth factor receptor pathways may act
as ER-independent drivers of tumor growth and survival, lead-
ing to the expression of ER-target genes independently of estro-
gen binding to ER, therefore conferring resistance to ET [83,
84]. Epidermal growth factor receptor, HER2 epidermal growth

factor receptor, and insulin growth factor receptor have been
recognized as the most prominent factors contributing to endo-
crine resistance [84, 87]. As a result, many clinical strategies
have focused on co-targeting these pathways together with ER
to overcome endocrine resistance. Upregulation of cell survival
signaling, such as the phosphatidylinositide 3-kinase (PI3K)/pro-
tein kinase B (Akt)/mammalian target of rapamycin (mTOR)
pathway, or positive regulators of the cell cycle or anti-
apoptotic molecules and downregulation of negative regulators
of the cell cycle or pro-apoptotic molecules can also lead to
endocrine resistance [84]. Activation of the PI3K/Akt/mTOR
pathway is commonly found in BC [88]. Clinical strategies focus-
ing on co-targeting the mTOR pathways when added to ET in
the setting of prior endocrine resistance result in increased PFS
[89].

New Agents for ER1 MBC
Through mechanisms that may include preventing the develop-
ment of resistance to endocrine treatment, the long-term effi-
cacy of hormone therapy may be increased when used in
combination with novel agents. The mechanistic target of
mTOR regulates cell growth, proliferation, and survival. When
mTOR inhibitors are combined with AIs, they inhibit cell growth
and induce apoptosis [90].

Currently, the only mTOR inhibitor approved for the treat-
ment of postmenopausal women with advanced HR1 BC is
everolimus in combination with exemestane after treatment
failure with letrozole or anastrozole [89]. Clinical trials have
reported efficacy and safety results in studies examining the
effects of two mTOR inhibitors (everolimus and temsirolimus)
combined with nonsteroidal and steroidal AIs compared with
an AI or tamoxifen alone (Table 2) [76, 91–96]. In the phase 3
HORIZON trial, the addition of temsirolimus to letrozole did not
lead to improvement in PFS in AI-na€ıve advanced BC. Grade 3
to 4 toxicities were more common in the temsirolimus arm ver-
sus the letrozole-alone arm, including hyperglycemia (4% ver-
sus 1%) [96]. Results of the phase 3 BOLERO-2 study showed
that the addition of everolimus to exemestane resulted in sig-
nificantly improved ORR and PFS [76, 94]. In the final analysis,
the median PFS for the combination was 7.8 months versus 3.2
months for exemestane alone (HR, 0.45; 95% CI, 0.38–0.54;
p< .001) based on investigator review and 11.0 months versus
4.1 months, respectively, for the combination versus exemes-
tane alone based on central assessment (HR, 0.38; 95% CI,
0.31–0.48; p< .001) [76]. Final investigator-assessed ORR were
12.6% (95% CI, 9.8–15.9) for the combination versus 1.7% (95%
CI, 0.5–4.2) for exemestane alone (p< .001). Corresponding
central assessment ORR were 12.6% (95% CI, 9.8–15.9) and
2.1% (95% CI, 0.7–4.8) [76]. Despite a clinically meaningful and
statistically significant improvement in PFS, the primary end-
point, adding everolimus to exemestane did not confer a statis-
tically significant improvement in OS [97].

Approximately half of patients in the combination arm
experienced a maximum 1/2 grade toxicity. In the combination
arm, AEs of clinical interest included rash, stomatitis, noninfec-
tious pneumonitis, metabolic abnormalities, and infections
[76]. Rates of AEs leading to discontinuation that were sus-
pected to be related to at least one study drug were 21.4% in
the combination arm versus 3.4% in the exemestane arm. The
two most common AEs leading to treatment discontinuation in
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the combination arm were pneumonitis (5.6%) and stomatitis
(2.7%) versus increased gammaglutamyltransferase (1.7%) and
increased aspartate aminotransferase (1.3%) in the exemestane
arm [76]. The phase 2 TAMRAD trial also found that the addi-
tion of everolimus to tamoxifen resulted in improvement in 6-
month DCR (61% [95% CI, 47%–74%] vs 42% [95% CI, 29%–
56%]; p 5 .045) [95]. The median TTP for the combination
group was 8.6 months versus 4.5 months for tamoxifen alone,
representing a 46% reduction in risk of progression in the com-
bination group (HR, 0.54; 95% CI, 0.36–0.81; p 5 .002). At the
time of analysis, median OS had not been reached by the
tamoxifen plus everolimus group and was 32.9 months for
tamoxifen alone (HR, 0.45; 95% CI, 0.24–0.81; p 5 .007) [95].

Cyclin-dependent kinases (CDKs) are a subgroup of serine/
threonine kinases that plays a key role in regulating cell cycle
progression [98–100]. Several studies have identified altera-
tions of cell cycle regulators in human BC and provided a ration-
ale for the potential therapeutic role for CDK4/6 inhibition in
breast tumors. A randomized phase 2 study (PALOMA-1/TRIO-
18) of palbociclib, a highly selective inhibitor of CDK4/6 kinase,
administered as 125 mg once daily for 3 weeks followed by 1

week off in 28-day cycles with or without 2.5 mg of letrozole
daily, as first-line therapy for ER1, HER2-negative (HER22)
MBC reported a statistically significant improvement in PFS
(the primary endpoint) for combination treatment versus letro-
zole alone (20.2 versus 10.2 months; HR, 0.488; 95% CI, 0.319–
0.748; p 5 .001) [91]. Based on these results, palbociclib in
combination with letrozole was approved by the U.S. Food and
Drug Administration (FDA) in 2015 for the treatment of post-
menopausal women with ER1, HER22 advanced BC as initial
endocrine-based therapy for their metastatic disease [101,
102]. This indication is approved under accelerated approval
based on PFS. Continued approval for this indication may be
contingent upon verification and description of clinical benefit
in a confirmatory trial.

PALOMA-2 is a randomized double-blind phase 3 confirma-
tory study of 666 postmenopausal patients without prior sys-
temic therapy for MBC. As of February 2016, 331 PFS events
were reported. Median PFS for the combination of palbociclib
and letrozole was 24.8 versus 14.5 months for letrozole alone
(HR, 0.58; 95% CI, 0.46–0.72; p< .001). The ORR was 42.1% for
palbociclib and letrozole versus 34.7% for letrozole (p 5 .031;

Table 2. Clinical trials of CDK4/6 kinase inhibitors and mTOR inhibitors in combination with AIs for ER1 MBC

CDK4/6 kinase inhibitors 1 AIs

Study Treatment n ORR (%) DCR (%)
Median TTP/PFS
(months)

Palbociclib1 Letrozole as first-line treatment combination treatment

Finn et al. 2015
PALOMA-1/TRIO-18 [91]

Palbociclib, 125 mg daily1
Letrozole, 2.5 mg daily

84 43 NR 20.2 (p< .001)

Letrozole, 2.5 mg daily 81 33 NR 10.2

Finn et al. 2016
PALOMA-2 [92]

Palbociclib, 125 mg daily1
Letrozole, 2.5 mg daily

444 42.1 NR 24.8 (p< .001)

Letrozole, 2.5 mg daily 222 34.7 NR 14.5

Palbociclib1 fulvestrant (HD) as second-line combination treatment

Turner et al. 2015
PALOMA-3 [93]

Palbociclib, 125 mg daily
for 3 weeks, 1 week off over
28-day cycles1 Fulvestrant,
500 mg day 1; 500 mg days
15 and 29

347 10.4 34.0 (p< .001) 9.2 (p< .001)

Fulvestrant, 500 mg Day 1;
500 mg days 15 and 29

174 6.3 19.0 3.8

mTOR inhibitors 1 AIs

Study Treatment n ORR (%)
Median
TTP/PFS (mo)

Median OS
(months)

Baselga et al. 2012 [94],
Yardley et al. 2013
BOLERO-2 [76]

Everolimus, 10 mg daily1
Exemestane, 25 mg daily

485 12.6 (p< .001) 7.8 (p< .001) NR

Exemestane, 25 mg daily 239 1.7 3.2 NR

Bachelot et al. 2012
TAMRAD [95]

Everolimus, 10 mg daily1
Tamoxifen, 20 mg daily

54 NR 8.6 (p 5 .002) NR

Tamoxifen, 20 mg daily 57 NR 4.5 32.9

Wolff et al. 2013
HORIZON [96]

Letrozole, 2.5 mg daily1
Temsirolimus, 30 mg daily
(5 days every 2 weeks)

555 27 8.9 NR

Letrozole, 2.5 mg daily 555 27 9.0 NR

Abbreviations: AIs, aromatase inhibitors; CDK, cyclin-dependent kinase; DCR, disease control rate; ER1 MBC, estrogen receptor-positive metastatic
breast cancer; HD, high dose; mTOR, mammalian target of rapamycin; NR, not reported; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; TTP, time to progression.
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55.3% versus 44.4% in patients with measurable disease
[p 5 .013]). The clinical benefit rate was 84.9% versus 70.3%
(p< .001) [92].

The final analysis of the phase 3 PALOMA-3 study has
recently been reported, although the OS follow-up is ongoing
[103]. PALOMA-3 investigated the combination of 125 mg of
palbociclib and 500 mg of fulvestrant compared with 500 mg of
fulvestrant plus placebo in women with HR1, HER22 MBC
(n 5 521). Eligible patients of any menopausal status could
have had one prior line of chemotherapy but could not have
extensive symptomatic visceral metastasis or be at risk for life-
threatening complications. Disease relapse or progression had
to occur after prior ET. In the palbociclib plus fulvestrant group,
PFS was greater versus the fulvestrant plus placebo group (9.5
versus 4.6 months, respectively; HR, 0.46; 95% CI, 0.36–0.59;
p< .001) [103]. Treatment response was not significantly
impacted by PIC3CA mutation status or hormone-receptor
expression level. Grade 3/4 AEs were more common in the
combined group (73% [251/345]) than in the fulvestrant plus
placebo group (22% [38/172]). The most common grade 3/4
AEs for the palbociclib plus fulvestrant group and the fulves-
trant plus placebo groups, respectively, were neutropenia (65%
and 1%), anemia (3% and 2%), and leucopenia (28% and 1%)
[103]. Patient-reported QOL from this study indicated that
overall global QOL scores were higher in the palbociclib plus
fulvestrant group (66.1) than in the fulvestrant plus placebo
group (63.0; p 5 .0313) [104]. Based on these results, palboci-
clib in combination with fulvestrant was approved by the U.S.
FDA for the treatment of HR1, HER22 advanced BC or MBC in
women with disease progression after ET [43, 101].

In regard to ribociclib and abemaciclib, preliminary clinical
activity in BC was observed in early phase 1/2 studies. In a dose
escalation phase 1 study conducted in 132 patients with
advanced solid tumors and lymphomas, preliminary signs of
clinical activity of ribociclib were observed, with 2 of 70 evalu-
able patients experiencing confirmed PRs, one of whom had
PIK3CA-mutation, ER1 BC [105]. The most common drug-
related grade 3/4 AEs were neutropenia (19%), lymphopenia
(14%), and leukopenia (12%) [105]. Initial results of the riboci-
clib plus letrozole combination arm (n 5 10) of a phase 1b/2
study in 17 women with ER1, HER22 advanced BC indicated
preliminary antitumor activity of this combination: of 6/10
patients with known response, 1 patient had a PR, and 2
patients had SD.Themost common drug-related AEs (all grade/
grade 3–4) were neutropenia (90%/50%) and nausea (40%/0%)
[105, 106].

In a dose escalation phase 1 study conducted in patients
with advanced solid tumors, clinical activity of abemaciclib was
observed in MBC patients receiving abemaciclib monotherapy,
with 11 of 47 patients (23%) experiencing confirmed PR, all of
whom had HR1 BC. Among patients with HR1 MBC, the ORR
was 31%, as well as in metastatic HR1 BC patients receiving
abemaciclib plus fulvestrant, with 4 of 19 patients (21%) experi-
encing confirmed PR. The most common (all grade >20%)
drug-related AEs with abemaciclib monotherapy were diarrhea
(63%), nausea (45%), fatigue (41%), vomiting (25%), leukopenia
(25%), thrombocytopenia (23%), and neutropenia (23%). The
most common (all grade >20%) drug-related AEs with abema-
ciclib plus fulvestrant were diarrhea (79%), fatigue (68%), nau-
sea (63%), neutropenia (42%), vomiting (42%), anorexia (32%),
leukopenia (32%), and abdominal pain (21%) [107].

Numerous PI3K inhibitors are in varying stages of clinical
testing in patients with ER1 BC. PIK3CA is mutated in about
35% of ER1 BC, but its prognostic significance is still unclear, as
there was no difference in the frequency of PIK3CA mutations
between ER1 and ER2, HER21 tumors [108]. Activation of
the PI3K/AKT pathway has been shown to confer resistance to
antiestrogens [88], and PI3K inhibition has been shown to over-
come endocrine resistance in preclinical testing [109, 110].
Emerging clinical data suggest preliminary clinical activity of
PI3K inhibitors in combination with ET in patients with ER1 BC.

Three PI3K inhibitors have reached phase 3 testing in
patients with advanced or metastatic HR1 BC. The pan-PI3K
inhibitor buparlisib (BKM120) is being investigated in combina-
tion with fulvestrant versus fulvestrant plus placebo in post-
menopausal HR1, HER22 advanced BC or MBC refractory to
AIs (BELLE-2, NCT01610284) and those refractory to both AIs
and mTOR inhibitors (BELLE-3, NCT01633060). The findings
from the BELLE-2 study were recently reported. Treatment with
buparlisib plus fulvestrant was associated with longer PFS than
fulvestrant alone (6.9 versus 5.0 months; p< .001). Patients
with ctDNA PIK3CA mutations had much better outcomes
when treated with the combination therapy; PFS in the buparli-
sib plus fulvestrant group was 7 versus 3.2 months in the ful-
vestrant alone group (p< .001). Serious AEs were experienced
by up to 26% of patients who received buparlisib [111]. The
other two agents in phase 3 trials are taselisib and alpelisib,
both of which selectively target the a-isoform of class I PI3K.
Both of these agents are being investigated in combination
with fulvestrant versus fulvestrant plus placebo in postmeno-
pausal ER1, HER22 advanced BC or MBC refractory to AIs
(SANDPIPER, NCT02340221 and SOLAR-1, NCT02437318).

In a phase 1b dose-finding study of buparlisib in combina-
tion with letrozole in 51 postmenopausal women with ER1

MBC refractory to ET, patients were allocated to continuous or
intermittent (5 on/2 off days) buparlisib treatment on an every-
4-week schedule. Two of 20 patients in the continuous arm
experienced objective responses (1 CR and 1 PR). None of the
31 patients in the intermittent arm demonstrated a response,
but 14 (45%) had SD. Sixteen patients remained free of pro-
gression for at least 6 months (6 in the continuous arm; 10 in
the intermittent arm). Of these, four were considered to have
primary ET resistance [112]. In this study, the most common
drug-related AEs for continuous and intermittent treatment
included transaminase elevation (75%/45%), hyperglycemia
(70%/48%), fatigue (70%/42%), nausea (65%/26%), alkaline
phosphatase increase (60%/19%), anemia (55%/19%), and
depression (55%/32%) [112]. The preliminary results of another
phase 1 dose escalation trial conducted in 31 patients with
ER1 MBC demonstrated that buparlisib combined with fulves-
trant has antitumor activity, with 7 of 22 evaluable patients
experiencing a PR and 7 patients experiencing SD lasting at
least 6 months [113]. In this study, most AEs were grade 1/2
except for grade 3 diarrhea, and the most common (>20%)
grade�2 AEs were fatigue, alanine/aspartate aminotransferase
elevations, and rash.

Initial results of a phase 1b dose escalation study of taselisib
combined with letrozole in 28 patients with HR1 advanced BC
indicated promising preliminary antitumor activity, with an
ORR of 38% in patients with PIK3CA-mutant tumors [114]. In
this study, the most common drug-related AEs (all grades;
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�10%) included diarrhea, nausea, stomatitis, fatigue, rash,
decreased appetite, hyperglycemia, dysgeusia, mucosal inflam-
mation, vomiting, muscle spasms, asthenia, dry mouth, dry
skin, pruritus, and increased aspartate aminotransferase. Drug-
related grade 3/4 AEs occurring in more than one patient
included diarrhea (14%), hyperglycemia (7%), and mucosal
inflammation (7%).

In a dose escalation phase 1 study investigating alpelisib
plus fulvestrant in 64 patients with ER1 locally advanced BC or
MBC with documented progression on standard therapy, PRs
were observed in 2 patients with PIK3CA-altered tumors evalu-
able for response (2/33, 6%), but no PRs were observed in the
15 evaluable patients with PIK3CA-wildtype tumors [115]. In
this study, the most common (�25%) drug-related AEs (all
grades/all doses) were hyperglycemia (41%), diarrhea (34%),
nausea (30%), and vomiting (25%). The most common (>10%)
drug-related grade 3/4 AEs (all doses) were maculopapular rash
(14%) and hyperglycemia (13%) [114]. Preliminary clinical
results indicate that combinations of alpelisib plus an AI (letro-
zole or exemestane) are well tolerated and have clinical activity
[116, 117]. Initial results of the alpelisib plus letrozole combina-
tion arm of a phase 1b study in 21 patients with ER1, HER22

advanced BC indicated antitumor activity of this combination,
with 3 patients experiencing PR and 6 patients with SD. Among
the 18 (56%) patients with PIK3CA mutation, 2 had a PR [116].
The side-effect profile of this combination was similar to single-
agent alpelisib, with most common AEs being rash, hyperglyce-
mia, nausea, fatigue, and diarrhea.

Other classes of agents that are being tested in ongoing
clinical trials for women with ER1 BC include epigenetic modi-
fiers (entinostat) and next-generation SERDs (GDC-0810,
RAD1901, GDC-0927, and AZD9496). Preclinical testing of the
histone deacetylase inhibitor entinostat have shown that enti-
nostat can restore sensitivity to AI therapy and that the combi-
nation of entinostat and letrozole more effectively inhibited
tumor growth than either drug alone [118]. The phase 2
ENCORE 301 study investigating entinostat plus exemestane
versus placebo plus exemestane in 130 postmenopausal
women with locally recurrent or metastatic ER1 BC, progress-
ing on treatment with AIs, reported significantly greater PFS in
the combination arm than in the placebo arm (4.3 versus 2.3
months) [119]. A phase 3 trial of entinostat plus exemestane in
patients with recurrent ER1 advanced BC or MBC following AI
therapy is currently underway (NCT02115282).

The dual-acting investigational next-generation oral SERD
GDC-0810 targets the ER as an antagonist and causes degrada-
tion of the ER protein. In preclinical studies, GDC-0810 was
shown to induce tumor regressions in both tamoxifen-sensitive
and tamoxifen-resistant tumor models in vivo [120]. In a phase
1 trial of GDC-0810 conducted in 41 postmenopausal women
with ER1, HER22 advanced BC or MBC, 13 of 31 (42%)
patients achieved SD lasting for 6 months or longer [121]. In
this study, the most common drug-related AEs of any grade
were diarrhea (63%), fatigue (46%), and nausea (44%). A phase
2 study is currently being conducted with GDC-0810 in post-
menopausal women with advanced BC or MBC previously
treated with AIs, including tumors with ESR1 mutations
(NCT01823835).

The next-generation oral SERD/SERM RAD1901 is currently
under evaluation in clinical studies [122, 123]. At high doses,

RAD1901 acts as a SERD, binding to the ER and inducing degra-
dation of the receptor. At low doses, RAD1901 acts as a SERM
with estrogen-like effects in certain tissues, which can both
reduce hot flashes and protect against bone loss. In addition,
RAD1901 is able to cross the blood-brain barrier. Currently, a
phase 1 study of RAD1901 is being conducted in ER1, HER22
postmenopausal women with advanced BC (NCT02338349).
Two additional SERDs currently in phase 1 testing are GDC-0927
(NCT02316509) and AZD9496 (NCT02248090) [124] in women
with ER1 advanced BC.

DISCUSSION

Treatment of ER1 MBC is palliative, not curative, so considera-
tion of optimal treatment must balance the potential for
extending survival with the effects of treatment on the
patient’s ability to maintain function and QOL. In addition to
disease characteristics, improving treatment for ER1 MBC
requires considering a wide range of factors, including treat-
ment tolerability, patient preference, and patient QOL.

Treatment of ER1 MBC is palliative, not curative, so
consideration of optimal treatment must balance the
potential for extending survival with the effects of
treatment on the patient’s ability to maintain function
and QOL.

Postmenopausal women with HR1, HER22 MBC who have
received no prior ET may be treated with an AI, a SERM (e.g.,
tamoxifen, toremifene), or palbociclib plus letrozole as first-line
therapy.Women who have received prior ETmay be treated on
disease progression without symptomatic visceral disease with
an ET not yet administered, preferentially an agent with a differ-
ent mechanism of action compared with the previous agent,
such as a SERD (e.g., fulvestrant), or with novel combinations
such as exemestane plus everolimus or palbociclib plus fulves-
trant, or with older agents such as megestrol, ethinylestradiol,
and fluoxymesterone. Guidance on the sequencing of these
therapies is limited, and factors to consider when choosing a
therapy for these patients include performance status, comor-
bidities, and patient preference. Acquired resistance occurs in a
substantial proportion of patients. New and emerging targeted
therapies aimed at intracellular pathways of proliferation may
contribute to sustained responses when combined with ETs.
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