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Introduction
Approximately 60–80% of breast cancer cases in 
Western countries are hormone receptor positive 
(HR+) and endocrine therapy (ET) is the main-
stay for treatment of these patients [Huang et al. 
2005]. Recent evidence suggests that the propor-
tion of patients with HR+ disease may be increas-
ing, particularly in premenopausal patients 
[Anderson et  al. 2011]. Considering the world-
wide prevalence of the disease, it is plausible that 
among all of available oncology treatments, ET 
for breast cancer has a greater global impact com-
pared with all other therapeutic interventions in 
cancer medicine [Sledge et al. 2015].

Even though most early stage HR+ patients receive 
adjuvant ET with curative intent, approximately 

30% of them will eventually experience relapse 
with metastatic disease [EBCTCG, 2005]. 
Furthermore, about 5–10% of breast cancer 
patients do present with stage IV disease at diagno-
sis [SEER Database, 2014; Lee, 2014]. Advanced 
breast cancer (ABC) is currently incurable and the 
main objective of therapy is to palliate symptoms 
and prolong survival while maintaining a good 
quality of life.

In the past 10 years, the aromatase inhibitors (AIs) 
anastrozole, letrozole and exemestane have largely 
replaced tamoxifen as adjuvant treatment of early 
breast cancer in postmenopausal women [Coombs 
et al. 2004; Dowsett, 2010]. Therefore, strategies 
to overcome resistance in the setting of previous 
long-term AI induced estrogen deprivation are 
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needed. Although currently available ET agents 
are generally effective and well tolerated, not all 
patients benefit equally. Predictive biomarkers 
should facilitate a more rational approach for HR+ 
breast cancer. A better understanding of the fea-
tures underlying heterogeneity, as well as the 
mechanisms of resistance to ET, is essential for the 
development of novel therapies. This review details 
the current and most relevant evidence that sup-
ports optimal management of HR+ metastatic 
breast cancer as well as future directions of this 
field.

First-line treatment
ET is the preferred option for treatment of HR+ 
ABC, even in the presence of visceral disease, 
unless there is proven endocrine resistance or vis-
ceral crisis, defined as severe organ dysfunction as 
assessed by signs and symptoms, laboratory stud-
ies and rapid progression of disease [Cardoso 
et al. 2014].

Current armamentarium of ET includes selective 
estrogen receptor (ER) modulators (SERMs), 
AIs and ER downregulators (SERDs). Recently 
added targeted agents that modulate endocrine 
responses are discussed later. Although sequenc-
ing of ET is the recommended approach, few ran-
domized trials have directly compared the effects 
of changing the order in which different agents 
are given. Unfortunately, even after many dec-
ades of trials we still lack definitive recommenda-
tions regarding the optimal ET sequencing in 
patients with ABC [Barrios et al. 2012].

Tamoxifen, the earliest selective ER modulator in 
clinical use, was first described in the treatment of 
ABC in 1971 [Cole et  al. 1971]. For decades, 
tamoxifen has been the standard of care for ER+ 
ABC with consistent efficacy and a favorable tox-
icity profile. A large review of 86 clinical trials 
involving more than 5000 tamoxifen treated 
patients described an overall response rate (ORR) 
of 34% with an additional 19% of patients achiev-
ing stable disease for at least 6 months [Litherland 
and Jackson, 1988].

In postmenopausal women in whom estrogen syn-
thesis occurs mainly in peripheral tissues, third-
generation AIs (anastrozole, letrozole and 
exemestane) have demonstrated efficacy while 
decreasing circulating estrogen levels [Lonning 
and Eeikesal, 2013; Smith and Dowsett, 2003]. 
Exemestane is a steroidal AI that binds irreversibly 

to aromatase, whereas the nonsteroidal AIs, anas-
trozole and letrozole, have shown to bind reversi-
bly to the enzyme [Buzdar et al. 2002]. Although 
the mechanisms remain unclear, steroidal and 
nonsteroidal AIs are not fully cross-resistant 
[Miller et al. 2008]. While there is no clinical evi-
dence suggesting that there is a better AI, in a 
large meta-analysis including 8504 patients AIs 
documented superior survival compared with 
tamoxifen [hazard ratio (HR) 0.89; 95% confi-
dence interval (CI): 0.80–0.99] [Mauri et  al. 
2006].

The third available therapeutic strategy is directed 
against the ER itself and is exemplified by fulves-
trant, a SERD that blocks ER dimerization and 
DNA binding, inhibits nuclear uptake and 
increases the turnover and degradation of ER 
leading to inhibition of estrogen signaling. 
Fulvestrant (250 mg) demonstrated it was as effec-
tive as anastrozole in tamoxifen failures [Robertson 
et al. 2003]. More recent data suggest that treat-
ment with higher doses of fulvestrant improves 
disease control and has a survival advantage com-
pared with anastrozole [Di Leo et al. 2010, 2014; 
Kuter et  al. 2012; Robertson et  al. 2014a]. 
Fulvestrant 500 mg was compared with anastro-
zole in the phase II FIRST trial (n = 205), which 
demonstrated both improvements in time to pro-
gression (TTP) [Robertson et al. 2009] and over-
all survival (OS) [Robertson et al. 2014b]. Median 
TTP was 23.4 months for fulvestrant versus 13.1 
months for anastrozole with a 34% reduction in 
risk of progression (HR 0.66; 95% CI: 0.47–0.92; 
p = 0.01). Median OS was 54 months for fulves-
trant versus 48 months for anastrozole (HR 0.70; 
95% CI: 0.50–0.98; p = 0.041). This was the first 
trial to suggest that an alternative ET may be more 
effective than an AI in the first-line setting for 
ABC [Robertson et al. 2014b]. The ongoing con-
firmatory phase III FALCON trial [ClinicalTrials.
gov identifier: NCT01602380] has completed 
accrual with results expected in 2016. Patients 
included in this trial are mostly treatment naïve 
and have not received previous ET.

Combination of endocrine therapies
As the available anti-endocrine drugs have dif-
ferent mechanisms of action, combination of 
agents is a logical approach to improve the effec-
tiveness of ET. Conflicting results have been 
reported from the comparison of the combina-
tion of fulvestrant (250 mg) with anastrozole ver-
sus anastrozole as single agent. The FACT trial 
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reported no clinical advantage with the combi-
nation [Bergh et  al. 2012], while the SWOG 
S0226 trial reported advantages in PFS and OS 
favoring the combination in 694 ABC patients 
[Mehta et  al. 2012]. Subgroup analysis of this 
trial suggested that the benefits were largely 
restricted to women who had not received adju-
vant tamoxifen and differences in the population 
included probably explain the conflicting results 
in the two studies. Furthermore, results of the 
second-line SoFEA trial showed that combining 
fulvestrant to anastrozole is not more effective 
that fulvestrant alone or exemestane alone in 
HR+ ABC that has progressed during therapy 
with a nonsteroidal AI. A subgroup analysis sug-
gested those patients with tumors with both ER 
and PR positivity, favoring a more endocrine-
sensitive phenotype, may obtain greater benefit 
[Johnston et  al. 2013]. Based on these data, it 
could be hypothesized that patients with 
ET-naïve ABC and those with highly endocrine-
sensitive tumors could derive the largest benefit 
from combination ET. However, in our opinion, 
we should wait for further evidence before con-
sidering the combination of AIs and fulvestrant 

in routine clinical practice [Migliaccio et  al. 
2015]. First-line ET trials are summarized in 
Table 1.

Combination of endocrine and targeted 
therapies in the first-line setting
The combination of targeted therapy and ET is 
an evolving field. Preclinical evidence suggests 
that targeting mechanisms of ET resistance, such 
as the PIK3CA/AKT/mTOR pathway, the cell 
cycle machinery and the cross talk between HR 
and growth factor receptor signaling, among oth-
ers, might increase or restore endocrine sensitiv-
ity. Despite stimulating data from preclinical 
studies with a variety of agents and targets, only 
recently have randomized clinical trials demon-
strated significant benefit with these approaches. 
Anti-human epidermal growth factor receptor 
type 2 (anti-HER2) agents, mammalian target of 
rapamycin (mTOR) and cyclin-dependent kinase 
(CDK) 4/6 inhibitors are already incorporated in 
the clinical care of patients with HR+ ABC both 
in first- and second-line settings. Trials with 
PIK3CA inhibitors and anti-vascular endothelial 

Table 1. Main randomized clinical trials of endocrine therapies as first-line treatment in advanced breast 
cancer.

Study/arms n ORR (%) CBR (%) Median 
TTP or PFS 
(months)

Median OS 
(months)

Anz versus Tam [Nabholtz et al. 2000] 353 21
17

59
46

11
5.6 *

33
32

Let versus Tam [Mouridsen et al. 2001] 907 32
21 *

50
38 *

9.4
6.0 *

34
32 

Exem versus Tam [Paridaens et al. 2008] 391 46 – 9.9
5.8 *

37
43

Fulv 250 mg versus Tam [Howell et al. 2004] 578 31.6
33.9

54.3
62

6.8
8.3

36.9
38.7

Fulv 250 mg versus Anz [Osborne et al. 2003] 400 17.5 42.2 5.4 –
 17.5 36.1 3.4  
FACT trial Fulv LD + Anz versus Anz [Bergh 
et al. 2012]

514 31.8
33.6

55.0
55.1

10.8
10.2

37.8
38.2

SWOG trial Fulv LD + Anz versus Anz 
[Mehta et al. 2012]

707 – – 15
13.5 *

47.7
41.3*

FIRST trial** Fulv HD versus Anz [Robertson 
et al. 2009, 2014b]

205 36
35.5

72.5
67

23.4
13.1*

54.1
48.4*

PALOMA-01** Let + palbociclib versus Let 
[Finn et al. 2015]

165 43
33

81
47*

20.2
10.2*

-–
 

*Statistically significant difference.
**Randomized phase II.
Anz, anastrozole; CBR, clinical benefit rate; Exem, exemestane; Fulv, fulvestrant; Let, letrozole; ORR, overall response 
rate; OS, overall survival; PFS, progression-free survival; Tam, tamoxifen; TTP, time-to-progression.
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growth factor (anti-VEGF) agents have also been 
presented. Table 3 reviews selected ‘positive’ tri-
als and Table 4 reviews selected ongoing trials 
evaluating the strategy of combining targeted 
agents to avoid or reverse resistance to ET.

CDK4/6 inhibitors. Analysis by the Cancer 
Genome Atlas (TCGA) demonstrated an associa-
tion between deregulated cyclin D, CDK4/6 and 
retinoblastoma (Rb) interaction and luminal B 
cancer [Ma and Ellis, 2013]. The activation of 
CDK4/6 by cyclin D leads to Rb phosphorylation 
and progression of the cell cycle into S phase and 
is associated with resistance to ET [Thangavel 
et  al. 2011]. Therefore, CDK4/6 inhibitors have 
the potential to improve the efficacy 

of ET. Palbociclib (PD-0332991) is an oral, 
small-molecule inhibitor of CDK4/6 with preclin-
ical evidence of growth-inhibitory activity in 
HR+ breast cancer cells and synergy with anti-
estrogens [Turner et al. 2015].

The PALOMA-1 trial [Finn et  al. 2015], was a 
randomized phase II study that included post-
menopausal women with advanced HR+ and 
HER2 negative tumors with no previous systemic 
treatment for ABC (see Table 3). Patients could 
have completed adjuvant therapy with an AI more 
than 12 months before enrolment (only 32% of 
patients had received prior adjuvant ET). Patients 
were randomized to a combination of palbociclib 
(125 mg daily on days 1–21 every 28 days) and 
letrozole versus letrozole alone. The addition of 
palbociclib to letrozole in this very endocrine sen-
sitive population significantly improved PFS that 
was 20.2 months for the combination versus 10.2 
months for letrozole alone (HR 0.48; 95% CI: 
0.31–0.74; p = 0.0004). Additionally, the propor-
tion of patients with objective responses and clini-
cal benefit was greater in the combination group. 
Palbociclib demonstrated excellent tolerability 
and safety profile, the only frequent adverse event 
being neutropenia, which occurred in 54% of the 
patients receiving palbociclib. No cases of febrile 
neutropenia were reported and the discontinua-
tion rate of palbociclib was very low. A phase III 
study (PALOMA-2) has completed recruitment 
and results are awaited. Based on of these results 
and before any confirmatory information, the 
combination of palbociclib plus letrozole received 
US Food and Drug Administration (FDA) accel-
erated approval as a first-line alternative for HR+ 
ABC in February 2015. Abemaciclib 
(LY2853219) and ribociclib (LEE011) are addi-
tional CDK4/6 inhibitors being explored in clini-
cal trials (see Table 5).

Anti-angiogenesis in combination with ET. Preclin-
ical data suggest estradiol modulates angiogenesis 
under both physiologic and pathologic condi-
tions. High VEGF levels in breast tumors have 
been associated with decreased response to ET. 
The anti-VEGF monoclonal antibody bevaci-
zumab has been extensively studied in the treat-
ment of both HR+ and negative ABC. A recent 
systematic review of 14 phase III trials evaluating 
bevacizumab including more than 4400 patients 
with ABC showed consistent benefits in relapse 
rate (RR) and PFS; however, no trial demon-
strated OS improvement [Kümler et  al. 2014]. 
Recently, two phase III randomized trials 

Table 2. Factors to consider when selecting 
endocrine therapy for patients with advanced breast 
cancer.

Patient Age
Menopausal status
Comorbidities
Performance status
Expectations and preferences
Toxicities to previous treatments
Adherence, compliance

Tumor Histological subtype
Expression of hormone receptors
HER2 amplification
Intrinsic subtype
Predictive biomarkers *

Disease Site of metastasis
Tumor burden
Symptomatology and/or need for rapid 
response
Previous endocrine treatment
Disease-free interval on adjuvant 
setting
Response to previous ET
Duration of response to previous ET

Agent Mechanism of action
Expected toxicities
Pharmacological interactions
Availability
Cost
Route of administration

Other 
issues

Availability of clinical research
Existing guidelines
Financial hardship
Social support

*Predictive biomarkers for endocrine therapy in HR+ 
ABC are not available and developments in this field 
should be a priority of future research.
ABC, advanced breast cancer; ET, endocrine therapy; 
HER2, human epidermal growth factor receptor type 2; 
HR+, hormone receptor positive.
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evaluated whether bevacizumab could potentially 
delay the emergence of resistance to ET. The LEA 
trial tested the addition of bevacizumab to letro-
zole or fulvestrant in first-line therapy of post-
menopausal patients with HR+ HER2 negative 

ABC. Despite an improved ORR, both TTF and 
OS were comparable in the two arms [Martín 
et  al. 2015]. The similarly designed CALGB 
40503 trial found a statistically significant 
improvement in terms of PFS with the 

Table 3. Main phase III trials of endocrine therapies as second-line treatment in advanced breast cancer.

Study/Arms n ORR (%) Median TTP or PFS 
(months)

Median OS 
(months)

CONFIRM [Di Leo et al. 2010, 2014] 736  9.1 6.5 25.2
Fulv HD versus Fulv 250 mg 10.2 5.5 * 22.8
EFECT [Chia et al. 2008] 693  7.4 3.7 –
Fulv LD versus Exem  6.7 3.7  
SOFEA [Johnston et al. 2013] 703  7.4 4.4 20.2
Fulv LD + Anz versus Fulv LD versus Exem  6.9

 3.6
4.8
3.4

19.4
21.6

BOLERO-2 [Baselga et al. 2012] 724  9.5 7.8 31.0
Everolimus + Exem versus Exem  0.4* 3.2* 26.6
PALOMA-3 [Turner et al. 2015] 521 10.4 9.2 –

Fulv HD+ palboc versus Fulv HD  6.3 3.8*  

Anz, anastrozole; Exem; exemestane; Fulv, HD, high dose; LD, low dose; ORR, overall response rate; OS, overall survival; 
palboc, palbociclib; PFS, progression-free survival; TTP, time-to-progression.

Table 4. Selected positive trials in endocrine therapy resistance.

Resistance target 
or pathway

Agent (stage of 
development)

ER agent ET 
setting

Median PFS 
(months)

Reference

CDK4/6 Palbociclib  
(phase II)

Letrozole  
First-line

20.2 versus 10.2 Finn et al. [2015]

CDK4/6 Palbociclib  
(phase III)

Fulvestrant 
Second-line

9.2 versus 3.8 Turner et al. [2015]

HER2 Trastuzumab 
(phase III)

Anastrozole  
First-line

4.8 versus 2.4 Kaufmann et al. 
2009]

HER2 Lapatinib  
(phase III)

Letrozole  
First-line

8.3 versus 3.0 Johnston et al. 
[2009]

mTOR Everolimus  
(phase III)

Exemestane 
Second-line

7.8 versus 3.2 Baselga et al. 
[2012]

mTOR Everolimus  
(phase II)

Tamoxifen 
Second-line

8.6 versus 4.5 Bachelot et al. 
[2012]

PI3K Pictisilib (phase II) Fulvestrant 
Second-line

6.6 versus 5.1 Krop et al. [2015]

Vascular 
endothelial growth 
factor

Bevacizumab 
(phase III)

Letrozole  
First-line

20 versus 16 Dickler et al. 
[2015]

Proteasome Bortezomib  
(phase II)

Fulvestrant 
Second-line

12mo PFS 28% 
versus 14%

Adelson et al. 
[2014]

Histone 
deacetylase

Entinostat  
(phase II)

Exemestane 
Second-line

4.3 versus 2.3 Yardley et al. 
[2013]

Src Dasatinib  
(phase II)

Letrozole  
First-line

20.1 versus 9.9 Paul et al. [2013]

CDK, cyclin-dependent kinase; ER, endocrine receptor; ET, endocrine therapy; HDAC, histone deacetylase; HER2, human 
epidermal growth factor receptor type 2; mTOR, mammalian target of rapamycin; PFS, progression-free survival.
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combination of bevacizumab and letrozole versus 
letrozole alone, 20 months versus 16 months 
respectively (HR = 0.74; 95% CI: 0.58–0.95; 
p = 0.016) [Dickler et al. 2015]. Again, no differ-
ence in OS was reported. In both trials, there 
were increased grade 3 and 4 toxicities with the 
addition of the anti-angiogenic agent, the most 
frequently reported being hypertension and pro-
teinuria. In spite of these results, the role of beva-
cizumab remains undefined and should not be 
recommended in combination with ET outside of 
a clinical trial.

ER+ HER2+ ABC
There is compelling preclinical evidence for a 
clinically significant cross talk between endocrine 
signaling and some of the growth factor pathways. 
Studies have shown that combinations of ET and 
anti-HER2 treatment (trastuzumab and lapat-
inib) are feasible and effective, doubling clinical 
benefit rate (CBR) and TTP compared with ET 
monotherapy (see Table 3) [Johnston et al. 2009; 
Kaufmann et  al. 2009]. Yet, there are no rand-
omized trials comparing the combinations with 
anti-HER agents alone in ABC. Importantly, 
there are no randomized data on whether to con-
tinue anti-HER2 therapy with endocrine agents 
as is currently recommended for anti-HER2 ther-
apies following an initial response to chemother-
apy [Barrios et  al. 2012]. Still, notwithstanding 
the lack of controlled trials, a recent American 

Society of Clinical Oncology (ASCO) guideline 
states that, for patients with HER2-positive and 
ER-positive ABC, clinicians may recommend 
either standard first-line therapy or, for selected 
patients, endocrine therapy plus HER2-targeted 
therapy or endocrine therapy alone [Giordano 
et al. 2014]. Accordingly, we feel that combining 
anti-HER2 agents and ET is a valid alternative 
for the treatment of ER+ HER2+ ABC when 
chemotherapy is not indicated and this strategy 
could also be considered as maintenance therapy 
after initial response to chemotherapy and anti-
HER2 therapy.

Second-line treatment
The current unavailability of predictive biomark-
ers defines the need to consider clinical factors 
when selecting the best hormonal treatment for 
progressive disease after previous ET (see Table 2). 
Individual tumors respond differently to different 
endocrine agents and being able to select which 
agent an individual patient’s cancer is most sensi-
tive to is a realistic, as well as a clinically worth-
while, goal [Barrios et al. 2012].

One of the major hurdles that have hampered the 
development of ET is the lack of a clear under-
standing of the mechanisms of resistance that fol-
low our interference with HR signaling. From the 
clinical point of view, intrinsic or primary resist-
ance has been defined as recurrence within the 

Table 5. Selected ongoing phase III trials investigating targeted therapies in combination with ET.

Target Agent ET agent ClinicalTrials.gov 
identifier

Estimated 
enrollment (n)

CDK4/6 Palbociclib Letrozole NCT01740427 450
 PALOMA2  
CDK4/6 Ribociclib Letrozole NCT01958021 650
 MONALEESA 2  
CDK4/6 Abemaciclib Letrozole or anastrozole NCT02246621 450
 MONARCH 3  
PI3K BKM120 Fulvestrant NCT01633060 615
PI3K Taselisib Fulvestrant NCT02340221 600
 Sandpiper  
mTOR Everolimus Fulvestrant and anastrozole NCT02137837 825
 S1222  
HER2 Lapatinib and 

trastuzumab
Aromatase inhibitor NCT01160211 525

HDAC Entinostat Exemestane NCT02115282 600

CDK, cyclin-dependent kinase; ET, endocrine therapy; HDAC, histone deacetylase; HER2, human epidermal growth  
factor receptor type 2; mTOR, mammalian target of rapamycin.
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first 2 years of adjuvant ET or progressive disease 
within 6 months of starting ET in the advanced 
setting. However, acquired or secondary resist-
ance is considered with a recurrence after the first 
2 years of adjuvant ET or disease progression 
more than 6 months after initiation of ET in the 
advanced setting [Cardoso et  al. 2014]. These 
definitions, although imperfect and arbitrary, 
have been useful in some clinical trials to stratify 
patient populations [Nagaraj and Ma, 2015; 
Mauri et al. 2006; Ma et al. 2015].

The existence of agent-selective resistance mech-
anisms can be inferred from the clinical observa-
tion that acquired resistance to one endocrine 
agent does not preclude a response to another 
from a different therapeutic class [Ellis, 2004]. In 
addition, the superior efficacy of an AI versus 
tamoxifen implies that some tumors with intrinsic 
tamoxifen resistance remain sensitive to estrogen 
deprivation. In a first series of randomized trials, 
each of the third-generation AIs were shown to be 
superior in efficacy and/or safety profile to 
megestrol acetate or to the first-generation AI 
aminoglutethimide as second-line therapy for 
postmenopausal women progressing on tamox-
ifen [Buzdar et  al. 1998; Dombernowsky et  al. 
1998; Gershanovich et al. 1998; Kaufmann et al. 
2000; Schiavon and Smith, 2013] (Table 3). 
After AI failure, limited data suggest that tamox-
ifen is of clinical benefit in approximately 50% of 
patients, with 10% or less achieving an objective 
response [Thürlimann et al. 2003; Schiavon and 
Smith, 2013]. In the TAMRAD study, patients 
treated with tamoxifen alone after AI failure had a 
6 month CBR of 42% and a median TTP of  
5.4 months [Bachelot et al. 2012].

A number of trials have explored the recom-
mended sequential administration of ET without 
clearly defining an optimal or rational sequence. 
Of note, we have abundant information regarding 
the molecular profile of primary breast cancer 
[Ma and Ellis, 2013], but very little information 
on the molecular changes that characterize or 
lead to recurrent disease. Most of the clinical tri-
als have not been able to effectively collect or ana-
lyze data or tissue that would inform on specific 
resistance mechanisms on an individual patient 
which could potentially help us while selecting 
the most appropriate subsequent therapy. As an 
example, emerging information suggests that, 
while mutations in the estrogen receptor 1 (ESR1) 
gene are rare in primary tumors, their incidence 
increases significantly (11–55%) in patients after 

exposure to AIs [Merenbakh-Lamin et al. 2013; 
Robinson et al. 2013; Toy et al. 2013; Jeselsohn 
et al. 2014].

Different strategies have been explored in previ-
ously treated patients with no definitive improve-
ments in outcome. For example, fulvestrant 
250 mg has been compared with AIs [Osborne 
et al. 2003; Robertson et al. 2003] and has been 
combined with AIs with no clear demonstration 
of benefit [Bergh et al. 2012; Mehta et al. 2012]. 
However, three strategies are worth mentioning 
as they may suggest new alternatives to improve 
treatment results for these patients.

Increasing the dose of fulvestrant
The strategy of increasing the dose of fulvestrant 
has been explored in patients with prior exposure 
to ET. The CONFIRM study was a multicenter, 
double-blind, phase III trial that included 736 
postmenopausal women with ER+ ABC with 
progression after tamoxifen or AIs [Di Leo et al. 
2010]. Patients were randomized to receive 
500 mg or 250 mg of fulvestrant (days 0, 14, 28 
and every 28 days thereafter). Results showed 
that albeit with similar ORR and CBR, the 500 mg 
dose was associated with a small (6.5 months ver-
sus 5.5 months) but statistically significant longer 
PFS (HR = 0.80; 95% CI: 0.68, 0.94; p = 0.006). 
OS was not different at the time of the initial 
report, but with longer follow up, an unplanned 
analysis [Di Leo et al. 2014] showed a significant 
4.1 months difference in favor of the higher dose 
of fulvestrant. There were no differences in the 
toxicity profile. The suggested benefit in terms of 
OS is unique, once very few therapies have dem-
onstrated improvements in survival in patients 
with HR+ ABC in randomized comparisons. 
After the publication of these results, fulvestrant 
at 500 mg has become the preferred schedule for 
this drug in clinical trials [Ciruelos et al. 2014]. 
Table 2 shows selected second-line ET trials.

PIK3CA/AKT/mTOR inhibitors
Abnormalities in PIK3CA are the most frequent 
molecular alteration in HR+ breast cancer identi-
fied in 45% and 29% of luminal A and B tumors, 
respectively. Other components of the PI3K/
AKT/mTOR pathway are frequently altered as 
well [Ellis et al. 2012; The Cancer Genome Atlas 
Network, 2012; Ma and Ellis, 2013]. Activation 
of the PIK3CA pathway has been shown to regu-
late ER expression [Creighton et  al. 2010] and 
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has been associated with sensitivity to ET [Ellis 
et al. 2010]. This may explain the synthetic lethal-
ity of combined PIK3CA and ER inhibition 
[Crowder et  al. 2009]. Inhibiting this pathway 
seems a very reasonable approach to explore. The 
mTOR serine-threonine kinase regulates a num-
ber of metabolic processes in the cell integrating 
cell growth, cellular proliferation, survival and 
motility signals mediated by ER, HER2 and other 
tyrosine kinase receptors [Ma et  al. 2015]. 
Deregulation of mTOR function occurs in vari-
ous tumor types, including breast cancer, and has 
been associated with cancer pathogenesis, disease 
progression and treatment resistance [Martin 
et  al. 2013]. Extensive preclinical data indicate 
cross talk between the HR and the PI3K/Akt/
mTOR signaling pathways [Campbell et al. 2001; 
Degraffenried et al. 2004].

Interestingly, the inhibition of mTOR in the first-
line setting was not associated with benefits over 
Et alone in the phase III HORIZON trial [Wolff 
et  al. 2013]. Conversely, the BOLERO2 trial, a 
randomized phase III study, compared everoli-
mus (mTOR1 inhibitor) and exemestane versus 
exemestane and placebo in 724 patients with 
HR+ ABC with recurrence or progression while 
receiving or within 12 months of completing a 
nonsteroidal AI in the adjuvant setting or pro-
gressing during therapy for metastatic disease 
[Baselga et al. 2012]. A significant improvement 
in PFS of 7.8 months in the everolimus arm versus 
3.2 months with placebo was demonstrated (HR 
0.45; 95% CI: 0.38–0.54; p < 0.0001). There was 
no statistically improvement in OS [Piccart et al. 
2014]. Given the remarkable PFS benefit, everoli-
mus was approved by the FDA for the treatment 
of HR+ ABC in combination with exemestane 
after failure to letrozole or anastrozole. The addi-
tion of everolimus resulted in more toxicity with a 
significantly higher proportion of discontinua-
tions and grade 3/4 adverse effects in the everoli-
mus arm such as stomatitis, noninfectious 
pneumonitis and hyperglycemia that are usually 
not seen with the AI as a single agent [Piccart 
et al. 2014].

The identification of predictive biomarkers for 
PIK3CA/mTOR inhibition remains an unmet 
need, since next-generation sequencing efforts in 
the BOLERO2 trial could not show a relationship 
between somatic mutation patterns especially in 
the catalytic subunit of PIK3CA and clinical out-
comes [Hortobagyi et al. 2013; Loi et al. 2013]. 
An important caveat is that mutational status was 

assessed mainly on primary tumor tissues and 
many studies have shown discordant rates in 
PIK3CA mutational status between primary 
tumors and metastases [Gonzales-Angulo et  al. 
2011], suggesting that molecular pathways altera-
tions should be re-analyzed in the metastatic set-
ting. The feasibility of assessing somatic genetic 
abnormalities, such as PIK3CA mutations, 
through ‘liquid biopsies’ in circulating tumor cells 
[Deng et  al. 2014] and circulating free DNA 
[Board et  al. 2010] has already been demon-
strated. A recently reported exploratory analysis 
from the phase II TAMRAD trial demonstrated 
correlations between everolimus efficacy and 
mTORC1 activation that need validation 
[Treilleux et  al. 2015]. The combination of 
everolimus and exemestane should be considered 
an appropriate second line treatment option for 
patients who have demonstrated benefit from 
previous lines of ET [Migliaccio et  al. 2015; 
Baselga et al. 2012].

Following the development of the mTOR inhibi-
tors, drugs targeting other components of the 
pathway are in development and include AKT 
and PIK3CA inhibitors, as well dual kinase inhib-
itors targeting both mTOR and PIK3CA [Hasson 
et al. 2013; Cavazzoni et al. 2012; Sanchez et al. 
2011]. Despite encouraging preclinical studies, 
however, clinical evidence of benefit is still lim-
ited. The recently presented FERGI trial was the 
first randomized phase II study to evaluate the 
combination of ET with a PIK3CA inhibitor in 
postmenopausal women with AI resistant HR+ 
ABC [Krop et  al. 2015]. This trial showed that 
adding pictisilib (GDC0941) to fulvestrant was 
associated with a nonsignificant PFS improve-
ment from 3.8 to 6.2 months (HR 0.77; 95% CI: 
0.50–1.19). PIK3CA mutation status was not 
associated with outcome. The relationship 
between PIK3CA inhibition and other mutations 
and the efficacy of the next generation of inhibi-
tors of this pathway needs to be addressed pro-
spectively and studies are ongoing [Juric et  al. 
2012].

Combination of ET with CDK4/6 inhibitors
As previously presented, CDK4/6 inhibitors seem 
to modulate ET. The recently reported 
PALOMA3 trial demonstrates that palbociclib is 
associated with significant benefit in previously 
treated HR+ patients. This double-blind phase 
III study randomized 521 patients with advanced 
HR+ HER2 negative ABC with progression after 
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prior ET to receive palbociclib and fulvestrant or 
placebo and fulvestrant. This study allowed the 
inclusion of premenopausal or perimenopausal 
women receiving goserelin. The study was 
stopped earlier after a planned interim analysis 
demonstrated efficacy with a median PFS of  
9.2 months with palbociclib plus fulvestrant and 
3.8 months with fulvestrant (HR 0.42; 95% CI: 
0.32 to 0.56; p < 0.001). As expected, more neu-
tropenia, usually not associated with standard ET 
(78.8% versus 3.5%), was seen with the combina-
tion. Palbociclib-treated patients maintained 
quality of life and the rate of discontinuation due 
to adverse events was similar to the placebo arm 
[Turner et al. 2015]. At the time of this analysis, 
the number of deaths was insufficient for a defini-
tive assessment of differences in OS. 
Unfortunately, in spite of the early effort in the 
PALOMA1 study in trying to identify a molecu-
larly selected population of patients (cyclin D1 
amplification or p16 loss), so far we have not been 
able to pinpoint the patient population that ben-
efits the most from CDK4/6 inhibition [Finn 
et al. 2015].

Other strategies
The evolving nature of our understanding of the 
complexities of hormonal signaling has fueled the 
development of many other potential strategies to 
overcome resistance and improve the clinical 
results of ET in ABC. Epigenetic modulation of 
gene expression has been addressed in HR+ ABC 
patients [Ma et al. 2015]. AI resistance is charac-
terized by estrogen-independent growth and 
mechanisms of resistance may include decreased 
ER expression. Entinostat, a selective histone 
deacetylase (HDAC) inhibitor, leads to increased 
expression of both ERα and aromatase in preclin-
ical studies. Initial positive results of a phase II 
trial [Yardley et  al. 2013] in combination with 
exemestane are being confirmed in a phase III 
trial. Other than the classical AIs, SERDs and 
SERMs, anti-angiogenesis, mTOR inhibition, 
CDK4/6 inhibition and epigenetic modulation 
addressed in our discussion, the role of anti-
androgens [Fioretti et al. 2014], apoptosis evasion 
[Signore et al. 2013], interactions with the tumor 
microenvironment [Dittmerj, 2014], ESR1 muta-
tions [Robinson et al. 2013; Toy et al. 2013], as 
well as other tyrosine kinase inhibitors (TKIs) 
and growth factor signaling pathways are also 
being studied [Paul et  al. 2013; Adelson et  al. 
2014]. Table 4 summarizes selected ‘positive’ 

trials and Table 5 reviews ongoing phase III trials 
of targeted therapies combined with ET.

Not to be forgotten, a number of ET alternatives 
have been used with varying success over the 
years and remain options to consider (while 
delaying chemotherapy) in the progressing patient 
that persists with clinical evidence of endocrine 
sensitivity. Progestins (megestrol acetate, 
medroxyprogesterone) have a reported RR of 
25% but are associated with weight gain, fluid 
retention and an incidence of thromboembolic 
events [Abrams et  al. 1999; Bines et  al. 2014]. 
Androgens (testosterone, fluoxymesterone, dana-
zol) are rarely used but have reported responses 
albeit associated with significant adverse events 
[Coombs et  al. 1980; Manni et  al. 1981]. 
Estrogens (diethylstilbestrol) have been paradoxi-
cally used to treat HR+ ABC showing similar 
efficacy to tamoxifen but higher toxicity [Ingle 
et al. 1981; Ellis et al. 2009; Iwase et al. 2013]. 
Recent preclinical evidence that estrogen therapy 
may be effective in the setting of ESR1 amplifica-
tion needs validation [Li et al. 2013]. Despite the 
low number of patients studied and lack of rand-
omized prospective data, withdrawal of ET and 
observation as is selectively practiced in prostate 
cancer is another potential strategy for breast can-
cer patients [Chavarri-Guerra et al. 2014].

Premenopausal patients
In premenopausal patients with HR+ ABC, 
tamoxifen or suppression of estrogen synthesis 
have been standard treatments for decades 
[Beatson, 1896]. Tamoxifen has shown compara-
ble efficacy (RR, OS) to oophorectomy [Buchanan 
et al. 1986; Boccardo et al. 1994]. In a meta-anal-
ysis of 4 studies (n = 506), the combination of 
luteinizing hormone-releasing hormone A 
(LHRH-A) plus tamoxifen resulted in signifi-
cantly prolonged PFS and OS [Klijn et al. 2001] 
relative to either agent alone. AIs are not suitable 
for use alone in premenopausal women and can 
only be administered in combination with ovarian 
function suppression (OFS). Adding indirect evi-
dence to this discussion, the practice-changing 
SOFT and TEXT trials demonstrate that some 
perimenopausal patients with early stage breast 
cancer have a PFS benefit with OFS in combina-
tion with an AI in comparison with tamoxifen in 
the adjuvant setting [Pagani et al. 2014]. Whether 
OFS alone is as effective remains to be explored. 
After progression on tamoxifen and with indica-
tion of further ET, the National Comprehensive 
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Figure 1. Suggested endocrine therapy sequencing alternatives in patients with HR+ advanced breast cancer.

General comments to interpret Figure 1
•   The sequence of the treatment alternatives in each line text box does not represent a particular preference order.
•   Subsequent use of ET should always take into account previous lines of treatment as well as the type and duration of 

response to previous ET.
•   Intrinsic or primary resistance has been defined as recurrence within the first 2 years of adjuvant ET or progressive dis-

ease within 6 months of starting ET in the advanced setting.
•   Acquired or secondary resistance has been defined as recurrence after the first 2 years of adjuvant ET or disease 

progression more than 6 months after initiation of ET in the advanced setting. These definitions, although imperfect and 
somewhat arbitrary, have been useful in some clinical trials to analyze and stratify patient populations.

•   These suggestions refer to postmenopausal patients. Specific management of the premenopausal population is addressed 
in the text.

•  These suggestions do not take into consideration acess and regulatory issues in the dfferent regions of the world.

Specific comments
aFulvestrant (500 mg) use in the first-line treatment of HR+ ABC is based on the randomized phase II FIRST trial. The 
ongoing confirmatory phase III FALCON trial has completed accrual.
bLetrozole in combination with palbociclib in the first-line treatment of HR+ ABC is based on the randomized phase II 
PALOMA-1 trial. The ongoing confirmatory phase III PALOMA 2 trial has completed accrual.
cDespite the evidence of superior outcomes with other alternatives, our personal opinion is that an AI or tamoxifen remain 
reasonable options as first-line or second-line ET for selected patients with HR+ ABC, particularly in the very endocrine 
sensitive population.
dThis combination demonstrated significant PFS advantage in a second-line phase III trial.
eIn this setting patients may have more endocrine resistant disease and would probably benefit more from treatment 
strategies that could modulate endocrine resistance rather than sequential single agent ET.
fThe sequential use of the combinations with CDK4/6 inhibitors and mTOR inhibitors has not been addressed in clinical trials 
and there is no definitive information on response rates or benefit in this setting. Chemotherapy remains an alternative 
for these most endocrine resistant situations. However, the occasional patient that remains clinically stable with slowly 
progressive disease in spite previous ET failure could still be considered for treatment with a combination with CDK4/6 or 
mTOR inhibitor depending on previous exposure.
ABC, advanced breast cancer; AI, aromatase inhibitor; CDK, cyclin-dependent kinase; DFI, disease-free interval; ET, 
endocrine therapy; HR, hormone receptor; mTOR, mammalian target of rapamycin; PFS, progression-free survival;
[1] Robertson et al. [2014b]
[2] Finn et al. [2015]
[3] Mauri et al. [2006]
[4] Litherland and Jackson [1988]
[5] Di Leo et al. [2014]
[6] Baselga et al., [2012]
[7] Turner et al. [2015]
[8] Buzdar et al. [1998]
[9] Bachelot et al. [2012]



Therapeutic Advances in Medical Oncology 7(6)

314 http://tam.sagepub.com

Cancer Network (NCCN) guideline and a lim-
ited amount of clinical data [Klijn et  al. 2000; 
Carlson et  al. 2010; Park et  al. 2010; NCCN, 
2015] suggest that premenopausal and perimeno-
pausal patients with ABC should be treated with 
OFS, either with LHRH-A or through surgical 
oophorectomy, and cared for as if they were post-
menopausal patients.

Discussion
HR+ ABC represents a significant clinical prob-
lem that is responsible for most of breast cancer 
deaths. Historically, ET has been an effective 
therapeutic approach associated with both effi-
cacy and limited toxicity. Sequential administra-
tion of available endocrine treatments has been 
recommended until demonstration either of the 
need for a rapid response or evidence of clinical 
resistance leading to indication of chemotherapy.

However, our clinical approach to these patients 
has significant limitations. We tend to treat HR+ 
patients as having the same endocrine sensitivity 
not considering tumor heterogeneity or disease 
progression associated changes. A recurrence, 
many years after the initial diagnosis, is routinely 
managed on the basis of the primary tumor infor-
mation disregarding the fact that cancer evolves. 
At the same time, we have not been able to define 
the optimal sequencing of the available endocrine 
treatment alternatives. The denomination of 
‘first’ or ‘second line’ trials is often confusing as 
most frequently relates to the disease and not the 
line of therapy. Many so-called first-line trials 
include patients with previous exposure to endo-
crine treatments and result in outcomes of diffi-
cult biological interpretation. For the most part 
there is very little ‘rational’ on our current process 
of selecting endocrine therapy. Please refer to 
Figure 1 as an arbitrary and very personal 
approach at this challenging issue.

Emerging preclinical and clinical evidence 
expanding on the complexities of endocrine 
receptor signaling and the interactions with other 
pathways have generated different alternatives 
that used in combination with standard ETs have 
resulted in improved results. However, as previ-
ously discussed, these new combinations (i.e. AI 
plus mTOR inhibitor or CDK4/6 inhibitor) are at 
the same time associated with a particular toxicity 
profile not commonly seen with standard ET. 
Furthermore, these new medications add signifi-
cantly to the price tag of managing these patients. 

The issue of cost and more importantly the value 
of oncology treatments have been the focus of 
recent discussions that are extremely important if 
we are going to incorporate these advances in our 
clinical practice [Cherny et  al. 2015; Schnipper 
et al. 2015].

Finally, and most importantly, we lack definitive 
information on the molecular characterization of 
progressing tumors and mechanisms of resist-
ance to ET. We need to generate predictive bio-
markers to guide more personalized care for 
these patients. Technical developments in 
sequencing circulating tumor DNA among other 
ongoing efforts attempting to define changes 
induced by previous treatments, will allow us to 
better understand what happens after we inter-
fere with HR signaling. To further advance in 
this area we feel is essential for ongoing clinical 
trials to have properly planned and well-designed 
translational components to answer these press-
ing questions.
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