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Endocrine therapy for ER-positive/HER2-negative metastatic
breast cancer
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Abstract: The estrogen receptor (ER) has been targeted for breast cancer treatment for over a century,
but many challenges persist. ER-positivity identifies the largest breast cancer subgroup, and ER-directed
therapies prolong survival and improve symptoms in the advanced setting with a very favorable side effect
profile. Treatment strategies have included decreasing estrogen synthesis and modulating or degrading
the ER. However, ER+ breast cancer once diagnosed in the advanced setting still represents an incurable
condition. Many efforts are ongoing to circumvent resistance mechanisms with a few strategies already
incorporated into clinical practice such as the combination of endocrine agents with drugs that interfere
with other signaling pathways and cell-cycle progression. Important questions remain as how best to select
each available strategy, how to sequence them and ultimately how to extend benefits to the largest number of
patients in need.
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Introduction estrogen receptor (ER) pathway might be considered the

) ) first molecularly targeted therapeutic strategy for cancer
According to GLOBOCAN database, breast cancer is the

; and continues to be a mainstay of treatment for all stages of
most frequent cancer among women in the world, the most

ER+ breast tumors (3).

common cause of cancer-related mortality in women in less Breast cancers are known to undergo genomic evolution

developed countries and the second most frequent cause of during the course of the disease, with the acquisition of new

cancer death in more developed regions (198,000 deaths) (1). molecular and phenotypic alterations that are associated

It is noteworthy that incidence rates are increasing in most
of the countries, but mortality rates are decreasing only in
high-income countries (HICs) (2).

Estrogen receptor positive (ER+) tumors are the most
common form of breast cancer and are responsible for
most of the deaths from the disease (3). Blocking the
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with resistance to therapeutic strategies leading to disease
progression. Hence, a proportion of breast cancer patients
with early-stage disease experience recurrence despite
curative intent locoregional therapy and (neo)adjuvant
systemic treatments such as chemotherapy and endocrine
therapy (ET). In the metastatic setting, currently available
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Table 1 Current endocrine therapy armamentarium

Selective endocrine receptor modulators (SERM)
Tamoxifen
Aromatase inhibitors (Als)
Anastrozole
Letrozole
Exemestane
Selective endocrine receptor downregulators (SERD)
Fulvestrant
CDK4/6 inhibitors
Palbociclib
Ribociclib
Abemaciclib
mTOR inhibitors
Everolimus
Alternative agents
Progestins (megestrol acetate)

Estrogens (estradiol, diethylstilbestrol)

systemic treatments will lead to initial benefits in the
majority of patients, with disease stabilization or tumor
shrinkage. Nonetheless, due to a variety of mechanisms
of resistance to treatment, breast cancer cells persist and
disease progression invariably occurs. Therefore, advanced
breast cancer remains an incurable, lethal, systemic
disease (4).

Recent advances in the ability to understand the
molecular biology of interactions between the ER pathway
and important growth factor, metabolic and cell division
pathways have brought the possibility of improving
therapeutic results by modulating endocrine signaling
and interfering with a variety of mechanisms of resistance
to ET. Regrettably, limitations in the design of clinical
studies published in this field have made it challenging
to develop predictive biomarkers and most of the
contemporary treatment strategies, although associated
with important clinical benefits, have been directed to
an unselected population of patients. Additionally, the
optimal sequencing strategies of available therapeutic
agents remain unknown.

This article aims to summarize the most important
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clinical studies and review current optimal therapeutic
strategies. Moreover, topics about breast cancer care in low-
and middle-income countries (LMIC) will be addressed.

The current ET armamentarium

Since Beatson’s historical observation that locally advanced
breast tumors can regress after oophorectomy (5), estrogen
deprivation has become an essential treatment for HR+
breast cancer. ET therapy may target the ER directly with
the use of selective ER modulators (SERMs) or selective
ER degraders (SERDs), or it can work by blocking
estrogen synthesis, by the use of aromatase inhibitors
(Als) in postmenopausal patients or ovarian function
suppression (OFS) in premenopausal patients, decreasing
the activation of the ER pathway signaling and avoiding
tumor cell replication. The current armamentarium of ET
is summarized in Table 1.

Tamoxifen

Tamoxifen was approved by the Food and Drug
Administration (FDA) in 1977 for the treatment of women
with advanced breast cancer and several years afterward for
adjuvant treatment of primary breast cancer. For decades,
tamoxifen has been the most used agent for the endocrine
treatment across all stages of ER+ breast cancer. Tamoxifen
is included in the World Health Organization (WHO) list
of essential drugs for the treatment of breast cancer. It is
estimated that more than 500,000 women are alive today
as a result of tamoxifen therapy, and millions more have
benefited from palliation and extended disease-free survival
(DES). Tamoxifen is used for the treatment of ER+ invasive
breast cancer in the neoadjuvant, adjuvant, and metastatic
settings (6,7). Tamoxifen is also used to prevent recurrences
from surgically treated ER+ ductal carcinoma in situ (DCIS)
and for breast cancer prevention in high-risk patients (8).
In the metastatic setting, a meta-analysis that evaluated
more than 5,000 patients treated with tamoxifen reported
an overall response rate (ORR) of 34% review and a clinical

benefit rate (CBR) of 53% (9).

Als

The Als suppress plasma estrogen levels in postmenopausal
women by inhibiting or inactivating aromatase, the enzyme
responsible for the synthesis of estrogens from androgenic
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substrates. Unlike tamoxifen, Als have no partial agonist
activity. In postmenopausal women in whom estrogen
synthesis occurs mainly in peripheral tissues, third-
generation Als (anastrozole, letrozole and exemestane)
have demonstrated efficacy while decreasing circulating
estrogen levels (10,11). Following several decades of
tamoxifen therapy dominance in first line setting for
treatment of ER+ metastatic breast cancer (MBC), Als
became the preferred mode of therapy in this setting
approximately two decades ago. The clinical trials that
compared first-line therapy with Als and tamoxifen are
well summarized elsewhere and are not given in details
here (3). Additionally, recent trials established Als as one of
the preferred treatment strategies in the neoadjuvant and
adjuvant settings for selected groups of patients with ER+
early-stage breast cancer (12). Anastrozole and letrozole
are non-steroidal Als with reversible binding to aromatase,
whereas exemestane is a steroidal Al that irreversibly binds
to the enzyme (13). While there is no clinical evidence
demonstrating that either Al is better than the other, what
is evident is that Als are superior to tamoxifen, and this was
demonstrated in a pivotal meta-analysis of 8,504 patients
with HR+ MBC, documenting superior survival with Als
versus tamoxifen (HR, 0.89; 95% CI: 0.80-0.99) (14).

SERDs

SERDs, exemplified by fulvestrant, are a class of endocrine
agents that act by binding to the ER and induce rapid
degradation thereby making the the receptor unavailable or
unresponsive to estrogen. These drugs attenuate the ability
of ER to activate gene transcription and also increase ER
turnover and degradation leading to profound inhibition
of estrogen signaling. A key characteristic of SERDs that
distinguishes their mechanisms of action from that of
SERMs, is that fulvestrant consistently reduces estrogen
and progesterone receptor levels in the tumor and in other
tissues as well, without having agonist effects. The use of a
sub-optimal dose of fulvestrant has demonstrated it was as
effective as anastrozole in tamoxifen failures (15). Recently
published randomized clinical trials reported that treatment
with higher doses of fulvestrant improves disease control
and improved progression-free survival in comparison
with anastrozole in patients with HR+ MBC that have not
been previously exposed to ET (16). Fulvestrant has been
proven useful in the treatment of advanced breast cancer
and as of the year 2016, has been approved as monotherapy
in first line setting for treatment of ER+ MBC per results
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of the FALCON trial (16,17). Fulvestrant is not approved
for early-stage or neoadjuvant treatment of breast cancer.
However, the ALTERNATE trial which is intended to
evaluate the use of fulvestrant in the neoadjuvant treatment
of ER+ early stage breast cancer is currently open and
accruing (18).

Fulvestrant was initially approved in the year 2002 at
the dose of 250 mg intramuscular injection (IM) every
28 days (19). However, follow up studies showed a strong
dose-dependent biological effect of fulvestrant, which
resulted in change in the recommended dose to 500 mg IM
every 28 days with loading on days 1, 14 and 28. Strong
dose-dependent biologic effect was initially observed
in NEWEST neoadjuvant study where 500 mg dosing
of fulvestrant was shown to more effectively reduce the
tumor Ki67 compared to the 250 mg dosing (20). The
phase III trial CONFIRM randomized postmenopausal
patients with ER+ MBC with progression after tamoxifen
or Als to receive fulvestrant 250 or 500 mg (days 0, 14,
28 and every 28 days thereafter). Both doses had similar
ORR, CBR and toxicity profile. The higher dose was
associated with a statistically significant longer PFS. Overall
survival (OS) was later reported showing a significant 4.1
(P=0.02) months difference in favoring the 500 mg dose of
fulvestrant (21,22). Following this study, the approved dose
of fulvestrant was updated to 500 mg IM dosing monthly
with the loading dose (23). A significant improvement
in PFS versus anastrozole was first seen in a phase II
study (24), favoring fulvestrant versus anastrozole, and
was later confirmed in the recently published phase III
FALCON trial (16). The results included improvement
of median PFS to 16.6 months (95% CI: 13.83-20.99) in
fulvestrant arm versus 13.8 months (11.99-16.59) in the
Al arm. Furthermore, results of a subsequent analysis of
the data in this trial demonstrated that the improvement in
PFS with fulvestrant versus anastrozole was preferentially
observed in patients with non-visceral metastatic disease,
and further studies are required to and understand this
finding. It is important to note that patients in this study
were not exposed to adjuvant E'T, a patient population for
which there is a paucity of data, especially in developed
countries where the majority of breast cancers are diagnosed
through screening, therefore limiting the generalizability
of the findings. Perhaps the most important conclusion
from this series of fulvestrant studies is that SERD-type
drugs should be further studied, particularly in the adjuvant
setting where improved endocrine therapy would have the
greatest impact.
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Estrogen and progesterone receptor agonists

Several alternative hormone therapies have been utilized
with variable success over the last decades and remain
as options to be considered with the goal of delaying
chemotherapy for advanced disease as long as possible.
Megestrol acetate and estradiol represent cheaper options
that need to be taken into consideration. Many women
may be on long-term treatment on drugs not always fully
covered by insurance and in LMIC, novel therapies are
unavailable due to their high price.

Progestins (megestrol acetate and medroxyprogesterone)
have a reported ORR of 25% but are associated with side
effects such as weight gain, fluid retention and an increase
in the risk of thromboembolic events (25-28). Medium
and high dose estradiol or diethylstilbestrol (DES) have
been paradoxically used in the treatment HR+ MBC with
similar response rates compared to tamoxifen but a higher
toxicity profile (29-31). Estradiol may be administered at
6 mg daily, which was shown to be as effective and much
less toxic than the previously recommended 30 mg daily
dose (29). Bisphosphonates must be co-administered to
avoid hypercalcemia and medroxyprogesterone acetate
should be given for the last 5 days of the month to avoid
dysfunctional uterine bleeding. Ideal patients for estradiol
therapy are those that have experienced long term disease
control with an Al before disease progression.

Combination of endocrine agents

A logical approach to improve the effectiveness of ET is
to combine different classes of agent. Trials comparing
the combination of fulvestrant with anastrozole versus
anastrozole monotherapy have reported conflicting results.
The SWOG 0226 trial reported advantages in terms of OS
and PFS in favoring the combination arm (32). However,
the FACT study did not show any clinical advantage
with the combination (33). Subgroup analysis of these
trials suggested that the benefits were probably limited to
patients who have not previously been exposed to adjuvant
tamoxifen and differences in the eligibility criteria of the
studies probably explain the conflicting results. Additionally,
in patients with HR+ MBC that had progressed after first-
line therapy with anastrozole or letrozole, the SOFEA trial
showed that the combination of fulvestrant with anastrozole
is not more effective than the monotherapy with fulvestrant
or exemestane. Once again, a subgroup analysis suggested
that those patients with both ER and PR expression, a
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surrogate for a more hormone-sensitive phenotype, might
achieve superior benefit (34). Based on this information, it
can be hypothesized that patients with ET naive advanced
breast cancer and those with highly endocrine-sensitive
tumors could derive the largest benefit from combination-
ET. Nonetheless, we believe that we should wait for further
evidence before considering combination-ET in routine
clinical practice. Additionally, no data on the use of 500 mg
fulvestrant monthly dosing in combination with an Al has

been published to date.

ET combinations with targeted therapies

Over the last decade, targeted therapies that modulate
mechanisms of ET resistance have been incorporated into
clinical practice. Two general patterns of ET resistance are
recognized clinically: intrinsic resistance, referring to cases
where ER+ cancers never adequately respond to ET and
acquired resistance, which occurs after an initial response
to endocrine manipulation (35). These definitions are not
precise and the underlying mechanisms between intrinsic
and acquired resistance are likely to overlap. Several cell-
autonomous and non-cell-autonomous alterations in ER+
breast cancer and a variety of components of the interaction
of breast cancer cells with the tumor microenvironment
could lead to mechanisms of resistance to ET. These
mechanisms are described in Figure 1 and include
deregulation of the ER pathway, the cell-cycle machinery,
growth factor receptor signaling, secondary messengers,
apoptosis and senescence, epithelial-to-mesenchymal
transition (EMT), cancer stem cell (CSC) persistence,
and signaling within the tumor microenvironment.
Comprehensive reviews regarding mechanisms of ET
resistance have been published elsewhere and are beyond
the scope of this article (4,36,37). We do not discuss the
subgroup of ER+ HER2 positive patients in detail here
but do point out there are a number of phase 2 and phase
3 trials that indicate that the combination of HER2
targeting with ET produced prolonged responses in some
patients (38-40).

mTOR inhibitors
Deregulation of the PI3K/AKT/mTOR pathway function

has been described in diverse tumor types, especially breast
cancer, and has been correlated with cancer pathogenesis,
resistance to therapies and tumor progression (41).
Extensive pre-clinical data indicate significant cross-
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Figure 1 The estrogen receptor pathway. Estrogen-bound estrogen receptor (ER), in association with a variety of co-activators and co-

repressors, exerts its classical genomic action as a transcription factor through the estrogen response element (ERE) of target genes. ER can

also mediate an ERE-independent genomic effect via interaction with other transcription factors. In addition, ER can be activated via plasma

membrane crosstalk with other growth factor receptor pathways that phosphorylate ER or its co-regulators. Adapted with permission from (36).

talk between the PI3K/Akt/mTOR and the ER signaling
pathways (42,43). The mTOR inhibitor everolimus has
been approved by the FDA for the treatment of HR+ MBC
in combination with exemestane after failure to a NSAI
based on PFS benefits seen in the BOLERO?2 trial (44).
The BOLERO-2 study was the first phase III clinical trial
to demonstrate PFS benefit with the inhibition of one of

© Chinese Clinical Oncology. All rights reserved.

Ccco.amegroups.com

the activated adaptive pathways mediating resistance to ET.
This trial randomized postmenopausal patients with ER+
MBC with prior exposure to anastrozole or letrozole for
therapy with everolimus in combination with exemestane
versus exemestane alone. With a median follow-up (FU)
of 18 months, patients in the everolimus arm had a
significantly reduced risk of disease progression with a PFS
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of 7.8 versus 3.2 months in the placebo arm (HR, 0.45; 95%
CI: 0.38-0.54, P<0.0001) (44). The benefit was consistent
regardless of factors such as prior ET exposure and
presence of visceral metastasis. Despite clinical benefits and
statistically significant extension of PFS, this combination
did not confer any OS benefit (45). Besides, half of the
patients in everolimus arm had grade 3/4 toxicity, being
most related stomatitis, hepatic impairment, anemia and
hyperglycemia. Nonetheless, a post hoc analysis confirmed
that the use of everolimus did not impact adversely on
health-related quality of life (HR-QOL) (46). Fulvestrant
500 mg and everolimus at a dose of 10 mg daily have been
tested in patients with ER+ MBC post progression on Al in
a phase II trial. This trial showed a significant improvement
in PFS (median PFS was 10.4 months in the experimental
arm versus 5.1 months in the ET alone arm; HR, 0.61,
95% CI: 0.40-0.92; stratified log-rank P=0.02) with the
combination of mMTOR inhibition and fulvestrant. However,
grade 3 toxicities were more commonly observed in the
combination arm compared with fulvestrant alone (53%
vs. 23%). Additionally, the recently presented MANTA
trial also highlighted the benefit of combining fulvestrant
with everolimus. Patients who progressed after previous Al
were randomized to treatments with fulvestrant, fulvestrant
plus the PI3K vistusertib, or fulvestrant plus everolimus.
The PFS for fulvestrant plus everolimus was superior to
fulvestrant plus vistusertib or fulvestrant monotherapy (12.3
vs. 7.6 months, HR, 0.63, 95% CI: 0.45-0.9, P=0.1) (47).
Thus, everolimus will remain a useful approach to
endocrine therapy resistant breast cancer. The use of steroid
mouthwash and judicious dose reductions will increase the
tolerability if patients are monitored carefully.

CDKH4/6 inbibitors

The most significant advance in the management of luminal
MBC over the last few years has undoubtedly been the
introduction of a new class of agent, the CDK4/6 inhibitors,
in combination with an endocrine drug (48). Three agents
(palbociclib, ribociclib and abemaciclib) have been approved
and incorporated into clinical practice in combination with
ET both in first and second line settings.

Palbociclib was the first CDK4/6 inhibitor approved by
the FDA in 2015 and is the compound with the most mature
data evaluating its efficacy and safety in a variety of clinical
settings. In vitro studies demonstrated that palbociclib was
associated with tumor growth inhibition specifically in
luminal cells (49). The following results of a phase I trial,
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in which palbociclib was combined with letrozole, revealed
41% of partial response and 30% of stable disease, after
a schedule change due to grade 3/4 rates of neutropenia.
The first strong evidence of clinical activity was observed
in the PALOMA 1 study, a randomized two-arm phase
II trial of 165 patients, comparing palbociclib + letrozole
versus placebo + letrozole, which demonstrated 20.2 versus
10.2 months of median progression-free survival, favoring
the experimental arm (50). Although most frequent
toxicity was neutropenia (54%), neutropenic fever was
not reported as a frequent complication. The PALOMA-2
phase 3 trial, a 2:1 randomized two-arm phase III trial
of letrozole with palbociclib versus letrozole alone was
published in 2016. Here 666 patients were included with
no previous treatment for metastatic disease. However, at
least 48% received (neo)adjuvant chemotherapy and 56%
adjuvant hormonal therapy. The trial was positive for the
primary endpoint and the median PFS was 24.8 versus
14.5 months, favoring the experimental arm (HR, 0.58;
95% CI: 0.46-0.72, P<0.000001) (51).

The phase III PALOMA-3 trial was designed to compare
palbociclib in combination with fulvestrant versus fulvestrant
monotherapy in patients with ER-positive/HER-2 negative
MBC that relapsed or progressed on prior ET (52). With
521 patients, the PALOMA-3 study showed increased
median PFS of 9.2 months (95% CI: 7.5-not estimable) for
the palbociclib/fulvestrant arm versus 3.8 months (95% CI:
3.5-5.5 months) for the placebo/fulvestrant arm (HR, 0.42;
P<0.001). OS data are not yet mature for either of these
studies. A preplanned subgroup analysis of Asian patients
included in the PALOMA-3 study showed similar PFS
benefits with palbociclib, with a higher rate of grade 3/4
neutropenia (92%) and febrile neutropenia (4.1%) (53). The
median time to deterioration of the global HR-QOL score
was not reached but favored the palbociclib group over the
ET monotherapy arm (HR, 0.641, 95% CI: 0.45-0.91) (54).
With PALOMA-3 results, the FDA approved palbociclib in
combination with fulvestrant for the treatment of women
with ER-positive/HER2-negative MBC after progression of
disease with previous ET in 2016 (55).

Ribociclib is another CDK4/6 inhibitor with similar
pharmacologic properties and therapeutic effects as
palbociclib. In the first-line setting, the MONALEESA 11
trial randomized the treatment of 668 patients to receive
letrozole plus placebo or ribociclib 600 mg per day, three
weeks on and one week off. The study met its primary
endpoint as the duration of PFS was significantly longer in
the ribociclib group (HR, 0.56; 95% CI: 0.43-0.72). After
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18 months, the PFS rate was 63% (95% CI: 54.6-70.3%)
in the ribociclib group and 42% (95% CI: 34.8-49.5%)
in the placebo group. The improved efficacy outcomes
were maintained with longer follow-up and at the time of
second interim analysis the median PFS was 25.3 months
in the ribociclib group and 16 months in the placebo group
(HR, 0.56, 95% CI: 0.45-0.7). The side effects profile
of ribociclib is very similar to palbociclib with afebrile
neutropenia and fatigue being the most common toxicities.
A QT interval prolongation was described in a few patients
in the MONALEESA 1I trial. The events were reversible
and managed with dose adjustments or interruptions.
Recommendations for ribociclib treatment include ECG
monitoring. The recently published MONALEESA 7 trial
evaluated exclusively the premenopausal population in
the first-line setting. Patients were randomized to receive
ribociclib or placebo plus goserelin (for ovarian suppression)
and an Al or tamoxifen. The median PFS was 23.8 versus
13.0 months (HR, 0.55, 95% CI: 0.44-0.69; P<0.0000001)
favoring the ribociclib arm (56). In the second-line setting,
the MONALEESA-3 trial has completed enrolment but
results are still awaited.

Abemaciclib is the third CDK4/6 inhibitor approved for
the treatment of ER+ HER2-negative MBC. Two phase
III trials assessing the combination of abemaciclib with
ET for ER-positive MBC patients were designed (57,58).
MONARCH 3 is a phase III study designed to compare
the combination of abemaciclib at the dose of 150 mg twice
daily combined with the Als anastrozole or letrozole versus
placebo plus an Al as first-line treatment (58). Recently
presented results showed that the median PFS was not
yet reached in the abemaciclib arm versus 14.7 months
with the NSAI alone (HR, 0.543; 95% CI: 0.409-0.723;
P=0.000021). In those with measurable disease, ORR was
59.2% with the CDK4/6 inhibitor and 43.8% in the control
arm (P=0.004). The phase IIl MONARCH 2 trial compared
the combination of abemaciclib with fulvestrant in women
with ER+ HER2-negative MBC with disease progression
while receiving neoadjuvant or adjuvant ET, within less than
12 months from the end of adjuvant ET, or while receiving
first-line treatment for advanced disease (57). With 669
patients, this study showed that abemaciclib plus fulvestrant
increased PFS when compared to placebo plus fulvestrant
(median, 16.4 vs. 9.3 months; HR, 0.55, P<0.001). The
most frequent AEs of abemaciclib versus placebo at any
grade were: diarrhea (86.4% versus 24.7%), neutropenia
(46% versus 4%), nausea (45.1% versus 22.9%) and fatigue
(39.9% versus 26.9%). Diarrhea typically occurred in the
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first cycle and was effectively controlled with antidiarrheal
medications and dose reduction. The phase II trial
MONARCH 1 was designed to assess safety and efficacy
of abemaciclib monotherapy in patients with refractory
ER-positive MBC (59). Women with ER-positive/Her2-
negative MBC with disease progression after prior ET and
1 or 2 chemotherapy regimens were eligible. Abemaciclib
200 mg was administered orally on a continuous schedule
twice daily. The study included 132 patients, 90% with
visceral disease, the objective response rate was 19.7%, with
CBR of 42.4% and a median PFS of 6 months.

Comprehensive reviews about clinical management of
potential toxicities and drug interactions related to CDK4/6
inhibitors in MBC have been published elsewhere (60) and
are also an excellent resource for further consideration.

Other agents

The scope of this article is to discuss targeted therapies
that have been approved for the treatment of breast cancer.
Nevertheless, it is important to mention other promising
agents including a variety of compounds currently being
tested in phase III trials such as phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) inhibitors (61) and histone
deacetylase (HDAC) inhibitors (62,63) as well as drugs
targeting the Src family (64).

Current treatment algorithm for HR + MBC

Historically, ET has been an active therapeutic strategy
associated with both limited toxicity and significant
efficacy. Several clinical principles guide our treatment
recommendations: E'T in the absence of visceral crisis or
involvement, optimal sequencing of ET treatments, and
the treatment after the development of ET resistance (48).
For patients with HR-positive MBC, there is now an
unprecedented number of endocrine-based treatment
alternatives that can enhance long-term outcomes and that
can be used before the need of chemotherapy. Regrettably,
even after many decades of clinical studies, there is still
a lack of definitive recommendations about the optimal
strategy for sequencing endocrine agents in patients with
advanced breast cancer (65).

Moreover, despite many efforts in translational
studies, currently, no tested biomarker has succeeded
in distinguishing between those patients more likely to
benefit from the use of targeted therapies, and those who
may be adequately managed with endocrine monotherapy.
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Trial (ref) Experimental arm Control arm PFS (months) OS (months)

PALOMA 2 (51) Palbociclib + letrozole Letrozole PFS 24.8 (22.1-not reached) vs. 14.5 NM
(12.9-17.1); HR 0.58 (0.46-0.72); P<0.001

MONALEESA 2 (55) Ribociclib + letrozole Letrozole PFS NR (19.3-NR) vs. 14.7 (13.0-16.5) NM

MONARCH 3 (58) Abemaciclib + anastrozole

or letrozole letrozole

FALCON (16) Fulvestrant 500 mg

MONALEESA 7 (56) Ribociclib + goserelin with

tamoxifen or NSAI

Anastrozole or

Anastrozole

Goserelin with
tamoxifen or NSAI

PFS: NRvs. 14.7; HR 0.54 (0.41-0.72); NM
P<0.00001

PFS 16.6 (13.8-20.9) vs. 13.8 (11.9-16.5); NM
HR 0.797 (0.637-0.999); P=0.0486

PFS 23.8 (19.2-not reached) vs. 13.0 NM
(11.0-16.4); HR 0.553 (0.441-0.694);
P<0.0000001

OS, overall survival; HR, hazard ratio; NR, not reached; NM, not mature.

Subgroup analyses from the previously mentioned phase
III trials have so far also failed to help us identify which
group of patients could avoid combination treatment,
as the benefit in terms of decreased risk of progression
favored the combination arms for all the pre-defined
subgroups without statistically significant differences based
on a variety of factors such as age, menopausal status,
race, presence of visceral metastases, prior E'T sensitivity,
prior chemotherapy, and disease-free interval (DFI) (37).
However, recent data derived from the MONARCH-3
study suggested the benefit from the addition of abemaciclib
was not seen in patients with a longer DFI (>36 months)
from the end of adjuvant ET (57). Additionally, a lesser
benefit from the combination was observed in the subgroup
of patients with bone-only disease. This information could
indicate that endocrine monotherapy could be used in the
subgroup of patients with clinical characteristics typical
of a strongly endocrine-responsive disease, and that the
use of targeted therapies such as CDK4/6 inhibitors could
potentially be saved for subsequent lines of treatment.
However, as this hypothesis comes from a subgroup analysis
with a relatively low number of patients in a single study,
these data require further confirmation in a larger study (66).
On the other hand, the updated analysis of the PALOMA-2
trial showed that the benefit of adding the CDk4/6 inhibitor
occurred irrespective of patterns of disease recurrence
and DFI.

Several factors need to be considered when selecting the
optimal ET agent for the treatment of ER+ MBC. These
factors include patient’s characteristics (i.e., menopausal
status, comorbidities, adherence) as well as tumor and
disease characteristics like the site of metastasis, tumor
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burden, need for rapid symptom control, DFI and response
to previous ET. Nonetheless, an assortment of additional
factors such as cost, access to innovative drugs, availability
of clinical research as well as financial and social hardships
can make this decision even more challenging. Individual
breast tumors have different patterns of response and
resistance to each ET strategy and the ability to select
which endocrine agent an individual patient’s cancer is most
sensitive to is a realistic, as well as a clinically worthwhile
goal (3).

OS reports are highly awaited as well as future trials
addressing sequencing strategies (44). Furthermore,
biomarkers for patient selection as well as cost-effectiveness
analysis are awaited. The appropriate moment and patient
selection in clinical practice for prescribing these drugs is
an ongoing debate. In our opinion, this advanced decision
must be individually discussed with patients (51). Until
there are clear overall survival benefits from one strategy
versus another, treatments must be focused on optimizing
symptom control and reducing toxicity.

First-line setting

Patients who are ET naive and present with de novo MBC
are candidates for (true) first-line ET. Therapeutic options
in the first-line setting include endocrine monotherapy
or the combination of endocrine agents and CDK4/6
inhibitors. The most important phase III trials are
summarized in Tizble 2.

Upfront use of CDK4/6 was analyzed in phase III
trials that compared the combination of three available
agents (palbociclib, ribociclib and abemaciclib) with an
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Table 3 Selected second-line phase III clinical trials
Trial (ref) Experimental arm Control arm PFS (months) OS (months)
BOLERO 2 (44,45) Everolimus + exemestane Exemestane PFS 7.8 vs. 3.2; HR 0.45 (0.38-0.54); 0S 31.0vs. 26.6; HR 0.89
P<0.0001 (0.73-1.10); P=0.143
PALOMA 3 (52) Palbociclib + fulvestrant Fulvestrant PFS 9.5 vs. 4.6; HR 0.46 (0.36-0.59); NM
P<0.0001
MONARCH 2 (57) Abemaciclib + fulvestrant Fulvestrant PFS 16.4 vs. 9.3; HR, 0.553 (0.449- NM

CONFIRM (21,22) Fulvestrant

250 mg

Fulvestrant 500 mg

0.681); P<0.001

0S 26.4 vs. 22.3; HR 0.81
(0.69-0.96); P=0.02

PFS 6.5 vs. 5.5; HR 0.80 (0.68-0.94);
P=0.006

OS, overall survival; HR, hazard ratio; NR, not reached; NM, not mature.

Al versus Al plus placebo. In summary, the three studies
demonstrated significant statistical and clinical benefits in
terms of improved PFS and time to chemotherapy with a
tolerable toxicity profile. It is important to emphasize that,
so far, no OS benefit has been demonstrated. Nonetheless,
first-line treatment with CDK4/6 inhibitors in combination
with letrozole or anastrozole is being increasingly adopted
as the preferential strategy, especially in the USA and
Western Europe (67).

The first-line trials of CDK4/6 inhibitors enrolled
patients with ‘de novo’ MBC and patients that experienced
recurrence after a long DFI following the completion of
adjuvant ET, therefore, representing a population with
potentially highly endocrine sensitive tumors. Endocrine-
naive patients presenting with MBC are increasingly rare
in regions of the globe where breast cancer screening
programs allow detection of cancers at an early stage and
treatment with adjuvant ET is commonly prescribed in the
vast majority of patients. Nevertheless, for this subgroup of
patients, the use of first-line fulvestrant is a valid approach
based on the FALCON trial, especially in patients without
visceral metastasis (16).

Despite the evidence of superior outcomes with other
alternatives, still we consider that the use of an AI or
tamoxifen is a valid option as first-line ET for selected
patients, particularly in tumors with characteristics
associated with endocrine sensitivity and/or in resource
limited settings such as LMIC. PFS achieved with Al
therapy as first-line treatment for MBC have shown
progressive improvement. The median PFS increased from
6-9 months in the earlier trials to 13-16 months in the
current era, representing an absolute gain of approximately
seven months, without the addition of any other
drugs (68). These findings, probably attributed to better
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patient selection, have significant implications in the design
of future clinical trials including issues related to sample
size and FU periods estimations as well as in the translation
of the results into clinical practice.

Second-line setting

Patients with disease resistance to first-line treatment and
patients who progress during adjuvant ET or within the
initial 12 months after the completion of adjuvant ET are
considered candidates for second-line ET. As previously
described, several factors should be considered while
selecting the optimal second-line strategy. Subsequent use
of endocrine agents should always take into considerations
what were the previous lines of treatment as well as the
type and duration of response to previous ET. Two major
patterns of endocrine resistance are recognized clinically;
“intrinsic resistance” whereby ER+ cancers never respond
adequately to ET and “acquired resistance” which occurs
following an initial response (69). An arbitrary cutoff of 2
years for relapse (in the early stage setting) or 6 months
for progression (in the metastatic setting) has been used to
define intrinsic versus acquired resistance in clinical trials.
However, these distinctions are somewhat arbitrary and
the underlying mechanisms between intrinsic and acquired
resistance are likely to overlap. In addition, resistance to
ET may be agent-selective. For example, after failure of
AT therapy, tumors can respond to other ET approaches
such as another Al, ER modulators (tamoxifen) or down-
regulators (fulvestrant) and even estradiol (29).

Important trials of second-line ET are reviewed in
Table 3. In Al-refractory disease, the use of combination
of endocrine agents with targeted therapies aiming to
modulate mechanisms of endocrine resistance have been
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incorporated into clinical practice initially with the mTOR
inhibitor everolimus and more recently with the use of
CDXK4/6 inhibitors in combination with fulvestrant.

The CDK4/6 inhibitors palbociclib and abemaciclib have
also shown significant clinical benefits and prolongation
of median PFS when used in combination with fulvestrant
in the PALOMA-3 (52) and MONARCH-2 (57) phase
IIT trials, respectively. These studies included patients
who relapsed during first-line treatment with Al for MBC
as well as patients that recurred during adjuvant Al or
experienced a short DFI after completion of adjuvant
ET. Also, in a similar population with NSAI refractory
tumors, the BOLERO-2 trial showed better outcomes with
treatment with everolimus in combination with exemestane,
in comparison with exemestane monotherapy.

As discussed previously, the contemporary unavailability
of predictive biological markers leaves us with clinical
factors such as type of previous ET exposure and timing of
disease progression as the only elements to help us define
the optimal therapeutic strategy. In patients with long
PES (as a surrogate of endocrine sensitivity) the sequential
use of endocrine agents can be considered a valid option.
Despite limited data, drug treatment withdrawal in selected
patients with progressive advanced ER+ breast cancer may
eventually be utilized (70). Tamoxifen, megestrol acetate,
estradiol and androgens also remain potential treatment
options in those patients with long-lasting ER-sensitive
disease as well as in limited resources settings, where drug
availability is limited.

Premenopausal patients

In premenopausal patients with HR+ advanced breast cancer,
for decades the standard ET has been tamoxifen or ovarian
function suppression. Studies that compared tamoxifen with
surgical castration have shown similar efficacy (71,72). In
a meta-analysis the combination of a GnRH agonist with
tamoxifen resulted in a significant increase in median PFS
and OS in comparison with either agent alone (73). The
use of Al monotherapy in premenopausal patients is not
recommended since these women have functioning ovaries
that respond to Al induced surge on gonadotrophins.
Therefore, Als can only be administered in combination
with OFS, that can be achieved either by the use of a
GnRH analog or by surgical castration. After progression
on tamoxifen and with the indication of further ET, the
NCCN guideline and a limited amount of clinical data
(74-76) suggest that premenopausal and perimenopausal
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patients with ER+ MBC should be treated with OFS, and
treated in the same manner as postmenopausal patients. As
mentioned above, the recently presented MONALEESA-7
trial was designed to evaluate the role of the CDK4/6
inhibitor ribociclib specifically in the premenopausal
population and demonstrated similar benefits regarding PFS
and response rates as seen in the trials with postmenopausal
patients (56).

ER+ MBC in LMIC

It is projected that the new cases of cancer will increase
from about 14 million in 2012 to 22 million in 2030,
with the bulk of new cases in Africa, Asia and Latin
America (77). LMIC in these regions are facing an
epidemiologic transition towards a pattern of morbidity
and mortality similar to HICs, with a rising incidence
of certain forms of cancer such as colon, lung and breast
cancer. At the same time, they still have a high incidence
of infection-related cancers such as cervical and liver
cancers. We can anticipate a huge humanitarian and
economic impact on these countries that needs to be
urgently addressed. Considering only access to radiotherapy
services, from 2002 to 2012 there was an increase in cases
requiring radiotherapy of 69% in LMIC and of 31% in
HICs. Meanwhile, during the period from 2004 to 2013,
the increase in radiotherapy machines was 31% in LMICs
and 61% in HICS (78). The global expenditure on cancer
medicines rose to more than $100 billion in 2015 and is
projected to reach $150 billion, mostly in HICs. The World
Health Organization (WHO) developed two important
projects to address the needs of LMICs: a list of basic and
priority medical devices required for cancer treatment
and a list of essential medicines (79). The list of essential
medicines for MBC includes drugs such as trastuzumab,
paclitaxel, docetaxel, vinorelbine (IV) and gemcitabine. But
the accessibility to these drugs is threatened by insufficient
availability and affordability. In many LMICs, even the
medicines in the WHO essential list are available as an out-
of- pocket expense and with unreliable supply.

In regard specifically to breast cancer in LMICs, there
are some initiatives that have the potential to change this
landscape. Most of the reviews on breast cancer in LMICs
are based on strategies developed in HICs and most the
national cancer control programs are global solutions
implemented without considering local conditions (80).
It is crucial that research identifies local challenges and
proposes realistic, accessible and affordable interventions.
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The collaboration with institutions in HICs may provide
the expertise and grants necessary to build a research
infrastructure and enhance the understanding of breast
cancer. Another possible initiative is to design resource-
stratified guidelines for prevention, screening and treatment
of breast cancer, as available for cervical cancer (81).
However, any adequate program to control breast cancer
must involve health education, prevention, screening, early
detection and treatment. A collaborative effort between the
governments, industry and social and advocacy group with
the creation of a global fund to support LMICs could be a
more efficient solution (82).

Studies have shown that physicians involved in
oncology treatment in LMICs are aware of existing cancer
treatment guidelines. Nevertheless, implementation of
these guidelines hinders their usage because of a variety
of factors such as lack of adequate facilities, absence of
access to medications, and overly complex guidelines (83).
Despite the significant advancements in medical oncology
over the last decade, there is a paucity of information about
global access to oncology medicines particularly in LMIC,
where 70% of cancer mortality occurs (84). The majority of
LMIC does not have access to modern oncology treatments
like monoclonal antibodies, SERDs and protein kinase
inhibitors. Even in the region of the Latin America where
ET agents are well presented in national essential medicine
lists, publications have described disparities in relation to
access to Als in the public sector of upper middle-income
countries (85,86). Regional disparities between the public
and private health systems make these issues even more
challenging.

Therefore, the treatment strategies of advanced
ER+ breast cancer should be tailored according to the
regional and socio-economic contexts. Once CDK4/6
inhibitors and SERDs are unavailable in the majority
of LMIC, Al monotherapy should be considered as the
preferred therapeutic option in the first line setting for
postmenopausal patients with ER+ MBC. Guidelines
recommending chemotherapy in visceral crisis or in patients
with known or suspected endocrine resistance should be
followed. For premenopausal patients with limited access
to GnRH agonists, surgical castration can be considered. In
the second-line setting, given the unavailability of CDk4/6
and mTOR inhibitors in the majority of LMIC countries,
therapeutic options include less-expensive alternatives such
as tamoxifen and, particularly for patients with sensitivity to
initial hormone manipulation, estrogen and progesterone
receptor agonists.
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Future perspectives

The significant heterogeneity of ER+ breast cancer is
not adequately demonstrated with the use of traditional
clinicopathological features such as histological subtype,
grade, and ER expression status.

As previously discussed, estrogen-independent tumor
growth often exists de novo at MBC diagnosis or develop
during the course of breast cancer treatment. Even though
it is clear that significant advances occurred in the last
years bringing meaningful benefits to patients, there
are still important unanswered questions and one of the
research priorities in this field should be the development
of clinically-relevant predictive biomarkers to allow
optimal sequencing of ET strategies and to guide a more
personalized patient care.

Genomic instability is considered an enabling feature
of cancer that promotes the acquisition of other hallmarks
of cancer and furthermore creates genetic heterogeneity
from cell to cell (87). The development of massively parallel
genome sequencing techniques, combined with advances in
computation methodologies, has led to the identification of
a variety of processes that leave a mutational footprint in the
cancer genome (88). In the past decade, research started to
incorporate these novel bioinformatic tools to gain further
insight into breast cancer heterogeneity. However, most
studies have sampled a given patient’s disease once, which
provides only a snapshot of sub-clonal heterogeneity in
treatment-naive human cancers (89). However recent research
using new approaches to analyze the genomic landscape of
breast cancer, such as liquid biopsies, allowed an evolutionary
analysis of cancer genomes in different periods of time and
under different treatment-selective pressures.

A series of recent publications that reported the
relatively frequent presence of mutations in the ligand-
binding domain of the ESRI gene in patients with
hormone-resistant ER+ advanced breast cancer introduced
new concepts for the understanding and modulation of
endocrine resistance (90). Research analyzing circulating
tumor DNA, which better captures tumoral heterogeneity,
reported that ESR1 mutations are found in approximately
one-third of patients with MBC that progressed on
treatment with an AI (91,92). The use of liquid biopsies
for assessing ESR1 mutations is a promising tool for the
continued investigation of the clinical implications of these
molecular alterations as a predictive biomarker, stratification
factor and as a therapeutic target.

A variety of novel therapeutic agents such as PI3K
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inhibitors, HDAC inhibitors, and others in development
will probably increase our therapeutic armamentarium in
this patient population. Additionally, efforts to develop new
endocrine agents with advantages in terms of antiestrogenic
activity potency are ongoing and have led to the discovery
and characterization of a new generation of SERDs (93,94)
and a new class of SERM/SERD hybrids (95), some of

which are now undergoing clinical evaluation.
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