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Current  international  guidelines  recommend  endocrine  therapy  as  the  initial  treatment  of  choice  in  hor-
mone receptor  positive  advanced  breast  cancer.  Endocrine  therapy  has  been  a  mainstay  of hormone
responsive  breast  cancer  treatment  for  more  than  a century.  To  date  it is based  on  different
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approaches,such  as  blocking  the estrogen  receptor  through  selective  receptor  estrogen  modulators,
depleting  extragonadal  peripheral  estrogen  synthesis  by  aromatase  inhibitors  or  inducing  estrogen  recep-
tor  degradation  using  selective  down-regulators.  Despite  estrogen  and/or  progesterone  receptor  positive
status,  up  to  a quarter  of  patients  could  be either  primarily  resistant  to hormone  therapies  or  will  develop
hormone  resistance  during the  course  of  their  disease.  Different  mechanisms,  either  intrinsic  or  acquired,
could  be  implicated  in endocrine  resistance.
In the  present  work  available  endocrine  therapies  and  their  appropriate  sequences  have  been  reviewed,
and  the most  promising  strategies  to overcome  endocrine  resistance  have  been  highlighted.

©  2016  Elsevier  Ireland  Ltd.  All rights  reserved.
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. Introduction

About 70% of breast cancers express the hormone receptor (HR).
ormonal manipulation has been a mainstay of hormone respon-

ive breast cancer treatment for more than a century, and often
epresents the first of several lines of treatment in the metastatic
etting.

To date endocrine therapy is based on different approaches,
uch as blocking the estrogen receptor (ER) through selective ER
odulators (SERMs), reducing estrogen levels by depleting extrag-

nadal peripheral estrogen synthesis by aromatase inhibitors (AIs)
r inducing ER degradation using selective ER down-regulators
SERDs).

A substantial proportion of patients, up to one-quarter, despite
R and/or progesterone receptor (PgR) positive status, could be
ither primarily resistant to hormone therapies or will develop
ormone resistance during the course of their disease.

ER maintains active in tumor with acquired resistance to
ndocrine therapy, and continued endocrine therapy in combina-
ion with other agents are effective in such patients.

Other available therapies, such chemotherapy or combinations
f endocrine and target therapies, as PI3K-mTOR inhibitors, could
ave a key role in primary or secondary resistant HR+ metastatic
reast cancer.

Also, a proper view of available endocrine therapies, related
tudies, their appropriate sequences and relative strategies to over-
ome endocrine resistance, could help our daily clinical practice.

. Certainties and new approaches in the treatment of
strogen receptor positive metastatic breast cancer

Sites and extent of disease, related symptoms, ER levels and
uman epidermal growth factor-2 (HER2) status, disease-free and
reatment-free intervals, and performance status are key factors in
he choice of treatment in metastatic HR+ breast cancer.

While hormone-unresponsive or life-threatening disease
equires chemotherapy, HR+ metastatic breast cancer patients are
sually candidate to endocrine therapy. Indeed while initial treat-
ent with chemotherapy rather than endocrine therapy may  be

ssociated with a higher response rate, the two initial treatments
ad a similar effect on overall survival(OS) (Wilcken et al., 2003).
o studies directly compared endocrine and chemotherapy in this

etting.
Main international guidelines recommend endocrine therapy as

he treatment of choice in HR+ advancedbreast cancer:

NCCN Guidelines: Many women with hormone-responsive breast
cancer benefit from sequential use of endocrine therapy at dis-

ease progression. Therefore, women with breast cancer who
respond to endocrine therapy with either tumor shrinkage
or long-term disease stabilization should receive additional
endocrine therapy at disease progression (NCCN, 2015).
Fig. 1. Endocrine therapy involves many agents.

• ABC1 Guidelines: Endocrine therapy is the preferred option for
HR + disease, even in the presence of visceral disease, unless there
is concern or proof of endocrine resistance or there is disease
needing a fast response (Cardoso et al., 2012a).

• ESMO Guidelines: Endocrine therapy is the preferred option
except if clinically aggressive disease mandates a quicker
response or if there are doubts regarding endocrine responsive-
ness of the tumor (Cardoso et al., 2012b).

To date endocrine therapy involves many agents (Fig. 1). For
many years tamoxifen, a selective ER modulator (SERM) which
antagonises estrogen signaling in HR+ breast cancer,has been
the mainstay in the treatment of HR+ breast cancer. Tamoxifen
became the standard therapy for advanced breast cancer after hav-
ing demonstrated first-line efficacy and more favorable toxicity
profile when compared with a range of other endocrine agents
in this setting (Fossati et al., 1998). A systematic review, on 35
randomized controlled trials (RCTs), comparing tamoxifen witha
range of other endocrine therapies, including ovarectomy, mege-
strol acetate, aromatase inhibitors (AIs), medroxyprogesterone
acetate, SERMs, goserelin and fluoxymesterone, reported an over-
all response rate (ORR) of 30% withtamoxifen versus 29% with the
other agents and an OS hazard ratio of 1.02 [confidence interval
(CI) 0.94–1.10], without gross statistical heterogeneity between tri-
als (p = 0.48) or differences hormonal categories (p = 0.60) (Fossati
et al., 1998).

2.1. Tamoxifen versus megestrol acetate

In at least five RCTs (Allegra et al., 1985; Gill et al., 1993; Ingle
et al., 1982; Morgan, 1985; Muss et al., 1988; Paterson et al., 1990)

tamoxifen demonstrated to have comparable efficacy with mege-
strol acetate, that acts by inhibiting pituitary function and thus
suppressing luteinizing hormone and the subsequent production of
estrogen, in terms of ORR and OS, with a better side-effect profile.
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.2. Tamoxifen versus other SERMs

Tamoxifen has also been tested against several other SERMs,
nd, overall, it was therefore deemed to be as good as, or better
han, all alternative SERMs. In particular tamoxifen resulted com-
arable to toremifene (n = 1421) (Pyrhonen et al., 1999) or idoxifene
n = 220) (Johnston, 2001) and was superior to droloxifene [ORR
P = 0.02) and time to progression (TTP) (P < 0.001)] (Buzdar et al.,
002) and to arzoxifene [progression-free survival (PFS; P = 0.01)]
Deshmane et al., 2007).

The study of approaches for patients with tumors resistant to
amoxifen led to the development of new strategies:

.3. Tamoxifen versus first- and second-generation AIs

The first generation AI aminoglutethimide was shown to be
omparable with tamoxifen alone (Lipton et al., 1982; Smith et al.,
981) or with aminoglutethimide plus tamoxifen (Ingle et al., 1986;
ose et al., 1986). AIs work by inhibiting aromatase signaling,
hich ultimately blocks the estrogen receptor. But first generation

ompounds were unspecific with subsequent toxicity and need of
drenal hormonal supplementation.

.4. Third-generation AIs: anastrozole andletrozole (competitive,
on-steroidal) and exemestane (non-competitive, steroidal)
ersus megestrol acetate in advanced pretreated breast cancer

With third generation AIs, letrozole, anatrozole and exemestane,
roblems about adrenal toxicity of previous compounds were over-
ome. They were evaluated in comparison with hormonal agents
sed in “tamoxifen-resistant” disease, of which megestrol acetate
as the drug of choice before the coming of AIs and fulvestrant.

Anastrozole showed no significant difference in TTP from mege-
trol acetate on an initial analysis (Buzdar et al., 1997; Jonat et al.,
996). However, a planned subsequent analysis found anastro-
ole 1 mg  to be associated with significantly increased OS versus
egestrol acetate (median 26.7 versus 22.5 months, respectively;

 < 0.025) (Buzdar et al., 1998). Two studies of letrozole 2.5 mg
ersus megestrol acetate showed no significant difference in TTP
r OS (Buzdar et al., 2001; Dombernowsky et al., 1998). Exemes-
ane resulted in an increased TTP (4.7 versus 3.8 months; P = 0.037)
nd a significantly longer OS (median OS not reached for exemes-
ane at time of publication versus 28.5 months for megestrol
cetate;P = 0.039) compared with megestrol acetate (Kaufmann
t al., 2000). AIs were initially introduced based on better side-effect
rofile but similar TTP versus megestrol acetate. Subsequently, this
ecision was supported by the OS data with anastrozole and the

ncreased efficacy seen with exemestane.

.5. Third-generation AIS: anastrozole andletrozole (competitive,
on-steroidal) and exemestane (non-competitive, steroidal)
ersus tamoxifen as first-lineendocrine therapy

Similarly to the adjuvant setting, where third-generation AIs
esulted superior to tamoxifen in large trials (Forbes et al., 2008;
onat et al., 2006; Coates et al., 2007; van de Velde et al.,
011; Coombes et al., 2004), in the advanced disease, overall, the
hird-generation AIs were deemed more effective in terms of dis-
ase control than tamoxifen, in potentially “tamoxifen-sensitive”
isease. They were well tolerated. Therefore they became the pre-
erred first-line endocrine therapy.
In particular, anastrozole was shown to be superior to tamox-
fen in terms ofTTP in a North American-based trial (Nabholtz et al.,
000). On the other hand no significant difference in TTP was
eported in the TARGET trial (Bonneterre et al., 2000).
y/Hematology 100 (2016) 57–68 59

However, only 45% of patients in the TARGET trial were known
to have an HR+ tumor; while almost 90% of patients in the North
American-based trial were known to be HR+, and in a pooled ret-
rospective analysis of the two trials including patients with known
HR+ tumors, anastrozole resulted superior to tamoxifen in terms of
TTP, without differences in OS (Nabholtz et al., 2003).

Letrozole significantly prolonged TTP compared with tamoxifen
without a significant difference in OS (Mouridsen et al., 2003). Also
exemestane showed longer PFS (assessed using the Wilcoxon test)
than tamoxifen (Paridaens et al., 2008).

2.6. Fulvestrant

Fulvestrant is a selective estrogen receptor down regulator
(SERD). Unlike the selective ER modulator tamoxifen, fulves-
trant is devoid of any known agonist activity. Fulvestrant has a
steroidal structure that competitively binds to the ER with an
affinity much greater than that of tamoxifen. Fulvestrant, bind-
ing to the ER, down-regulates, blocks, and causes degradation of
the ER, culminating in complete abrogation of estrogen-sensitive
gene transcription (Wakeling, 2000). Preclinical studies confirmed
the potential of fulvestrant to inhibit the growth of tamoxifen-
resistant, as well as tamoxifen-sensitive, human breast cancer cell
lines (Wakeling et al., 1991; Hu et al., 1993; Lykkesfeldt et al.,
1994). This unique mechanism of action may  result in a lack of
cross-resistance with other endocrine agents.

After studies had showed that it was as effective as anastrozole
1 mg/day in the treatment of HR+ advanced breast cancer in the
second-line setting pre-treated with tamoxifen (Robertson et al.,
2003, 2004), it was  initially approved at a dose of 250 mg/month.

Preclinical models and pharmacokinetic studies suggested the
possibility to obtain, through a loading dose, plasma concentrations
of fulvestrant twice higher than those obtained with the conven-
tional monthly administration. Besides, higher doses of fulvestrant
(500 mg)  allowed to obtain the steady state in few weeks from the
beginning of treatment (Robertson et al., 2007).

Based on these information, randomized studies evaluated effi-
cacy of a schedule with loading dose, followed by standard dose
of fulvestrant (250 mg)  (Chia et al., 2008) or the use of high dose
fulvestrant (500 mg)  (Wakeling et al., 1991).

Fulvestrant 500 mg  was compared to fulvestrant 250 mg in a
phase III randomized controlled trial in women with advanced
breast cancer (CONFIRM trial) (Di Leo et al., 2010, 2012) and to anas-
trozole 1 mg/die in first line setting (FIRST trial) (Robertson et al.,
2009, 2010; Robertson, 2014) and, as herein after more extensively
reported, Fulvestrant 500 resulted superior both to Fulvestrant 250
and to anastrozole.

Furthermore, this finding is fully consistent with the previous
reported increased biological effects seen with the 500 mg  dose
compared with 250 mg  (Kuter et al., 2007).

In summary, fulvestrant 500 mg  has a biologically greater
effect and provides a clinically meaningful benefit over fulvestrant
250 mg.  The standard dosing schedule of fulvestrant should be5
00 mg  and, based on its increased efficacy, should be considered
early in the treatment of advanced disease (Cardoso et al., 2012b).

3. First line endocrine therapy: which studies?

3.1. Main contemporary studies in first line setting for HR +
Her2− metastatic breast cancer patients
• FIRST trial is a randomized phase II randomized, open-label,
multicenter study on 205 patients randomized to receive ful-
vestrant high-dose (HD) regimen (500 mg/month plus 500 mg
on day 14 of month 1) versus anastrozole (1 mg/d) in the
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first-line setting. All patients enrolled in this trial were post-
menopausal women with ER+ and/or PgR+ locally advanced or
metastatic breast cancer never treated with endocrine therapy
for advanced disease, but could have received adjuvant endocrine
therapy for early disease, provided it was completed more than
12 months before random assignment. This study showed a
significant advantage for fulvestrant 500 mg  in terms of TTP
(hazard ratio = 0.626; P = 0.0496) (Robertson et al., 2009). The
significant difference in TTP persisted with longer follow-up
(23.4 months with fulvestrant versus 13.1 months with anas-
trozole; hazard ratio = 0.66; P = 0.01) (Robertson et al., 2010).
Moreover, as reported at San Antonio Breast Cancer Symposium
2014, Fulvestrant showed a benefit in OS versus anastrozole: 54.1
months for fulvestrant versus 48.4 months for those who received
anastrozole (Robertson, 2014). Adverse events were comparable
between the two treatment arms (Robertson et al., 2009).
CONFIRM trial is a double-blind, parallel-group, multicenter,
phase III study. Patients were randomly assigned to fulvestrant
500 mg  (500 mg  intramuscularly on day 1, then 500 mg  on days 14
and 28 and every 28 days thereafter, n = 362 patients) or 250 mg
every 28 days (n = 374). Primary end point was PFS. Secondary
end points included objective response rate (ORR), clinical bene-
fit rate (CBR), duration of clinical benefit (DoCB), OS, and quality
of life (QOL). PFS was significantly longer for fulvestrant 500 mg
than 250 mg  (hazard ratio = 0.80; 95% CI, 0.68–0.94; P = .006). ORR
was similar in both arms (9.1% v 10.2%, respectively). CBR was
45.6% for fulvestrant 500 mg  and 39.6% for fulvestrant 250 mg.
DoCB and OS were 16.6 and 25.1 months, respectively, for the
500-mg group, whereas DoCB and OS were 13.9 and 22.8 months,
respectively, in the 250-mg group. Fulvestrant 500 mg  was  well
tolerated with no dose-dependent adverse events. QOL was sim-
ilar for both arms (Di Leo et al., 2010). The final OS analysis at
75% maturity, presented at San Antonio Breast Cancer Sympo-
sium 2012, showed that fulvestrant 500 mg  is associated with
4.1-month increase in median OS and a 19% reduction in the risk
of death compared with fulvestrant 250 mg  (Di Leo et al., 2012).
The study included both first and subsequent lines patients. It is
worth noting that the most represented subgroups were patients
who experienced relapse on adjuvant endocrine therapy (48.3%
in fulvestrant 500 mg  arm and 45.2% in fulvestrant 250 mg  arm)
and patients who presented with de novo advanced disease and
experienced progression on first-line endocrine therapy (35.9%
and 33.4% respectively). Overall, the last endocrine therapy before
fulvestrant was an aromatase inhibitor for 42.5% of patients and
an antiestrogen for the remaining 57.5% of patients
SWOG 0226 study evaluated combined endocrine therapy agents
with the anti estrogen fulvestrant plus the AIanastrozole, aimed
at seeking to leverage ER degradation by fulvestrant in endocrine-
resistant disease. This study included a population of 694
post-menopausal patients, randomized to receive anastrozole
1 mg daily (n = 345 patients) or the combination of anastrozole
and fulvestrant 500 mg  loading dose followed by a monthly injec-
tion of fulvestrant 250 mg  (n = 349). All patients were previously
untreated for metastatic disease, Prior adjuvant tamoxifen was
allowed, and 40% of patients received this adjuvant endocrine
therapy. The study demonstrated a 6-month improvement in OS
for the combination fulvestrant plus anastrozole (median OS 47.7
versus 41.3 months, hazard ratio = 0.81; p = 0.049). This benefit
likewise appeared to be mainly restricted to those who  were
entirely endocrine therapy-naive, even in the adjuvant setting
(47.7 versus 39.7 months, hazard ratio = 0.74) (Mehta et al., 2012).
FACT study is a phase III randomized trial that randomly assigned

514 patients to receive fulvestrant plus anastrazole (experi-
mental arm; n = 258 patients) or anastrozole (standard arm;
n = 256), at the same schedule of SWOG 0226 trial. They were
post-menopausal or pre-menopausal women receiving Gn-RH,
y/Hematology 100 (2016) 57–68

previously untreated for metastatic disease. This trial allowed the
enrollment of patients who received adjuvant endocrine ther-
apy, and also AI, if completed >12 months before the enrolment.
Endocrine-pretreated patients showed no benefit from the com-
bination (Bergh et al., 2012). Median TTP was 10.8 and 10.2
months in experimental versus standard arm, respectively (haz-
ard ratio 0.99; 95% CI 0.81–1.20, p = 0.91). Median OS resulted 37.8
and 38.2 months for experimental and standard arm, respectively
(hazard ratio 1.0; 95% CI 0.76–1.32, p = 1.00) (Bergh et al., 2012).

• HORIZON trial is a large multicenter international randomized
placebo-controlled phase III trial that tested the efficacy and
safety of first-line oral letrozole 2.5 mg  daily/temsirolimus 30 mg
daily (5 days every 2 weeks) versus letrozole/placebo in 1112
patients with AI-naive, HR+ advanced disease. Patients had to be
never treated for metastatic disease. 40% had received adjuvant
endocrine therapy. The study did not show overall improvement
in the primary end point PFS (median PFS = 9 months; hazard
ratio = 0.90; 95% CI, 0.76–1.07; P = .25) nor in the 40% patient
subset with prior adjuvant endocrine therapy. Those on letro-
zole/temsirolimus experienced more grade 3–4 events (37% v
24%) than letrozole alone. Adding temsirolimus to letrozole did
not improve PFS as first-line therapy in patients with AI-naive
advanced breast cancer. Indeed, the trial was stopped for futil-
ity by the independent data monitoring committee. ORR and OS
were also similar between groups. The patient population in the
HORIZON study was  largely AI-naive and temsirolimus/letrozole
was  the first endocrine treatment for metastatic disease (Wolff
et al., 2013).

• The Breast Cancer Trials of Oral Everolimus-2 (BOLERO-2) is a
randomized phase III study in 724 patients with HR+ advanced
breast cancer who  had recurrence or progression while receiv-
ing previous therapy with a nonsteroidal aromatase inhibitor
in the adjuvant setting or to treat advanced disease (or both),
that compared everolimus and exemestane versus exemestane
and placebo (randomly assigned in a 2:1 ratio). The primary end
point was  PFS. Secondary end points included OS, ORR, and safety.
Combination therapy with exemestane and the mTOR inhibitor
everolimus resulted in a significantly longer PFS (6.9 months
with everolimus plus exemestane and 2.8 months with placebo
plus exemestane, according to assessments by local investiga-
tors (hazard ratio = 0.43; 95% CI 0.35–0.54; P < 0.001). Median PFS
was  10.6 months and 4.1 months, respectively, according to cen-
tral assessment (hazard ratio, 0.36; 95% CI, 0.27–0.47; P < 0.001)
and higher response rate than the single agent exemestane. The
most common grade 3 or 4 adverse events were stomatitis (8% in
the everolimus-plus-exemestane group versus 1% in the placebo-
plus-exemestane group), anemia (6% versus <1%), dyspnea (4%
versus 1%), hyperglycemia (4% versus <1%), fatigue (4% versus
1%), and pneumonitis (3% versus 0%). Everolimus combined with
an AI improved PFS in patients with HR+ advanced breast can-
cer previously treated with nonsteroidal aromatase inhibitors.
This trial only included pretreated population. Previous therapy
included letrozole or anastrozole (100%), tamoxifen (48%), ful-
vestrant (16%), and chemotherapy (68%) (Baselga et al., 2012;
Piccart-Gebhart et al., 2012).

• In the Tamoxifen and RAD001 (TAMRAD) study, a smaller ran-
domized phase II trial in a similar patient population, patients
receiving the combination of tamoxifen and everolimus had
higher clinical benefit rate (61%) and longer TTP (8.6 months)
than the group receiving tamoxifen alone (42% and 4.5 months).
In that study, patients with secondary resistance to AI seemed to
benefit more from the combination than patients with primary

resistance, supporting the concept that cross-talk between path-
ways and the sequential upregulation of the PI3 K/mTOR signaling
is a mechanism of resistance (Bachelot et al., 2012).
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It is worth of note that these benefits were not without toxicity. In
this study, as the previous (Bolero-2) (Baselga et al., 2012; Piccart-
Gebhart et al., 2012)combined everolimus/endocrine therapy
had substantially higher stomatitis, rash, fatigue, diarrhea, and
anorexia than single-agent endocrine therapy.
In the San Antonio Breast Cancer Symposium 2012 results froma
randomized phase II study comparing letrozole alone (L) to
letrozole plus PD 0332991 (L + P) were presented. PD 0332991
is a selective inhibitor of CDK 4/6 that prevents cellular DNA
synthesis by blocking cell cycle progression. Preclinical stud-
ies in breast cancer cell line panel identified in the luminal ER
subtype, elevated expression of cyclin D1 and Rb protein, and
reduced p16 expression as being associated with sensitivity to
PD 0332991 (Finn et al., 2009). It was designed as a two-part
study, in which part 1 enrolled post- menopausal women  with
ER+/HER2–advanced BC; part 2 in addition to ER+/HER2–as eli-
gibility criteria, screened for CCND1 amplification and/or loss
of p16, evaluated by FISH. The primary endpoint was PFS;
secondary endpoints include ORR, OS, safety, and correlative
biomarker studies. In both parts, post-menopausal women  with
ER+/HER2–advanced BC were randomized 1:1 to receive letro-
zole either with or without PD0332991. 66 pts were randomized
in Part 1 and 99 pts in Part 2. Preliminary results from Part 1 of
this study have been previously reported (Finn, 2012) demon-
strating a significant improvement in median PFS in the L + P
versus L arm (HR = 0.35; 95% CI, 0.17–0.72; p = 0.006). With the
additional 99 pts randomized in Part 2 (N = 165), the statistically
significant improvement in median PFS (26.2 versus 7.5 months,
respectively) continues to be observed (hazard ratio = 0.32; 95%
CI, 0.19–0.56; p <0.001). The ORR for the L + P arm (n = 84) was
31% versus 26% for the L arm (n = 81) and the clinical bene-
fit rate was 68% versus 44%, respectively. The most commonly
reported treatment-related adverse events in the combination
arm were neutropenia, leukopenia, anemia, and fatigue. The com-
bination of PD 0332991 and letrozole is well tolerated and shows
encouraging clinical benefit, confirming the sensitivity of ER+
breastcancerto PD 0332991 observed in preclinical models (Finn
et al., 2012). A phase 3 trial in this setting is now on going.
Very recently, during the last ASCO Meeting, results from
PALOMA 3 (Nicholas et al., 2015) study were presented. It
assessed the efficacy of palbociclib and fulvestrant in endocrine-
resistant advanced breast cancer. Palbociclib combined with
fulvestrant improved progression free survival in HR advanced
breast cancer that had progressed on prior endocrine therapy.
Median PFS was 9.2 months for Palbociclib + Fulvestrant and 3.8
months for Placebo + Fulvetratnt (HR 0.422, 95% CI 0.318–0.560,
P < 0.000001) and it resulted well tolerated.

. Resistance to endocrine therapy: new approaches

Unfortunatelyboth de novo and acquired resistance to
ndocrine therapy are important clinical problems. Different
echanisms have been implicated in endocrineresistance, either

ntrinsic, occurring de novo at theinitial exposure to endocrine
herapies or acquired, occurringafter an initial response to therapy
Bedard et al., 2008; Dawood and Cristofanilli, 2007), and recent
fforts have centeredaround strategies to combat this resistance
Moy  and Goss, 2006).

ERexpression is currently the main biomarker ofresponse to
ndocrine therapy and the lack of ER has to beconsidered the

rincipal mechanism of primary endocrineresistance (Zilli et al.,
009; Musgrove and Sutherland, 2009). Loss of ERalfa or ER beta
utations are widely acceptedas potential mechanisms of acquired

esistance. Ofnote is that loss of ER occurs in 15–20% of endocrine
y/Hematology 100 (2016) 57–68 61

resistantbreast cancers and less than 1% of HR+ tumorshave ER
mutations (Gutierrez et al., 2005; Herynk and Fuqua, 2004).

Furthermore ER activity is a part of a more complexsys-
tem of intracellular signaling pathway, and the bidirectional
crosstalk between ER and growth factors signaling is implicated
in both de novo andacquired resistance. Preclinical studiesimpli-
cate cross-talk between ER and critical signaling pathways,such
as the epidermal growth factor receptor/human epidermal-
growth factor receptor-2 (EGFR/HER2) and IGFR or activation
of their downstream signaling pathway through extracellular
signal-regulating kinase1/2/mitogen activated protein kinase cas-
cade and the phosphoinositide3-kinase (PI3 K)/protein kinase B
(AKT)/mammalian target of rapamycin (mTOR) pathway, as key
mediators of endocrine resistance (Johnston et al., 2005; Johnston,
2010).

4.1. Enhancing benefit of endocrine therapy by targeting growth
factor receptors

Targeting EGFR“up-front”, as shown in xenograft models,might
delay resistance to tamoxifen (Thoennissen et al., 2010). For HER2+
tumors, combined targeted therapy at the onset of “acquired
endocrine resistance” is better than delaying resistance up-front
(Wang et al., 2005).

A number of clinical trials have been designedin order to deter-
mine whether the addiction of signaltransduction inhibitors to
endocrine therapy may  overcomeendocrine resistance, including
combinations of endocrinetherapies with anti-HER targeted drugs,
complete blockade of ER signaling and combinations with drugs
that target the downstream signaling pathways.

To date, several trials have explored the efficacy of
endocrinetherapy in combination with anti-HER2 monoclonal anti-
body trastuzumab or with EGFR/HER2 tyrosine kinase inhibitors
as lapatinib, erlotinib and gefitinib (Johnston, 2009a).

Cristofanilli et al., 2010 reported prolonged PFS with anastro-
zole plus gefitinib (n = 43 patients) versus anastrozole plus placebo
(n = 50;hazard ratio = 0.55; 95% CI 0.32–0.94) in postmenopausal
women with HR+ metastatic breast cancer. These results, however,
did not agree with those coming from the neoadjuvant random-
ized controlled trial of anastrozole versus anastrozole plus gefitinib
(Smith et al., 2007). Moreover the combination oftamoxifen with
or without gefitinib did not result in a PFS benefit with the addition
of gefitinib to tamoxifen (Osborne et al., 2007).

Rationale for clinical trials exploring the combination of hor-
monal therapies and antiHer2 agents in metastatic breast cancer
came from preclinical studies which demonstrated that the addi-
tion of trastuzumab to tamoxifen results in a strong growth
inhibitionthrougha cell cycle arrest in G0-G1 (Thoennissen et al.,
2010).

TAnDEM was  the first randomized phase III study to combine
a hormonal agent and trastuzumab as treatment for HER2+ and
HR+ metastatic breast cancer. That trial (on 207 patients) randomly
assigned to receive anastrozole (n = 104 patients) or anastrozole
plus trastuzumab (n = 103) and demonstrated that the addition of
trastuzumab to anastrozole significantly improves PFS, TTP, and OS
compared with anastrozole alone (Kaufman et al., 2009).

The efficacy of the addition of lapatinib, a dual tyrosine kinase
inhibitor, to letrozole has been investigated as first line treat-
ment in 1286 women with hormone receptor positive (HER2+/−)
metastatic breast cancer. The association of lapatinib and letrozole
significantly improved PFS compared to letrozole alone in HER2+
population, with a 29% reduction in the risk of disease progres-

sion (Johnston et al., 2009). No benefit in the whole population in
which the combination lapatinibandletrozole did not result better
than letrozole (median PFS 14.7 versus 15 months) (Kaufman et al.,
2009).
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In bothstudies, the addition of the growth factor inhibitor
mprovedclinical benefit rate (CBR) and PFS but there was  no sig-
ificantdifference in OS (P = 0.325 for trastuzumab (Osborne et al.,
007);not reported for lapatinib) (Kaufman et al., 2009).

A third trial on HR+/Her2+ metastatic breast cancer, the eLEc-
RA trial, compared efficacy and safety of letrozole combined with
rastuzumab to letrozole alone. The study only included patients
ith HER2 and HR+ metastatic breast cancer, that were random-

zed to either letrozole alone (arm A, n = 31 patients) or letrozole
lus trastuzumab (arm B, n = 26) as first-line treatment. Addi-
ional 35 patients with HER2- and HR+ tumors received letrozole
lone (arm C). Median TTP in arm A was 3.3 months compared
o 14.1 months in arm B (hazard ratio 0.67; p = 0.23) and 15.2

onths in arm C (hazard ratio 0.71; p = 0.03). Clinical benefit rate
as 39% for arm A compared to 65% in arm B (odds ratio 2.99,

5% CI 1.01–8.84) and 77% in arm C (odds ratio 5.34, 95% CI
.83–15.58). This trial confirmed that the combination of endocrine
nd antiHer2-therapy is an effective treatment option for patients
ith HER2 and HR + metastatic breast cancer (Huober et al., 2012).

A phase III study evaluated Fulvestrant with or without lapa-
inib in patients with HR+ advanced breast cancer.In this trial both
atients HER2+/− were included. At a third interim analysis, no

mprovements were observedin PFS or OS with the addition of lap-
tinib to fulvestrant. However, in patients with HER2+ tumors, a
rend towardsimproved PFS was observed (5.9 versus 2.8 months
orfulvestrant + lapatinib versus fulvestrant alone; P = 0.29). Treat-

ent was generally well tolerated (Burstein et al., 2010).
So, “up-front” co-targeting of HER2 and HR can improve resis-

anceto AIs, and benefit from this strategy is restricted to known
R+ HER2+ metastatic breast cancer patients.

.2. Targeting angiogenesis and endocrine resistance in HR+
etastatic BC

Preclinical (la Haba de et al., 2011) and retrospective clinical
Linderholm et al., 2011; Manders et al., 2003; Rydén et al., 2005)
ata suggest that high vascular endothelial growth factor (VEGF)

evels in tumor tissue from breast cancerare associated with a
ecreased response to endocrine therapy.

The combination of endocrine therapy and bevacizumab has
hown to be safe and active in phase II clinical trials (Traina et al.,
010; Forero-Torres et al., 2010).

The LEA trial, a phase III study presented in the San Anto-
io Breast Cancer Symposim 2012, addressed the hypothesis that
nti-VEGF treatmentmight delay resistance to endocrine therapy
n patients with HR+ advanced breast cancer. It was  a binational,

ulticentric, randomized, open label phase III study in which
80 patients with unresectable locally advanced or metastatic
R+/HER2- breast cancer patients were randomized to receive
ndocrine therapy (Letrozole 2.5 mg  d or Fulvestrant 250 mg  1 q
8) or the same endocrine therapy with Bevacizumab 15 mg/kg q3
eeks. The addition of Bevacizumab resulted in a better PFS (18.4

ersus 13.8 months), hazard ratio 0.83 (CI 0.65–1.06, p = 0.1391)
Martin et al., 2012).

.3. Combinations of different endocrine agents in HR+
etastatic BC

Similarly, studies evaluated combined endocrinetherapy agents.
ationale for these studies, that evalutated the combination of the
ure antiestrogen fulvestrant plus an AI, came from the possibility
f seeking toleverage ER degradation by fulvestrant in endocrine-

esistant disease.

A recent study, the SWOG 0226 trial,(described in more detail
elow) demonstrated a 6-month improvement in OS for the com-
ination fulvestrant plus anastrozole versus anastrozole alone. This
y/Hematology 100 (2016) 57–68

study included a population of primarily endocrine therapy–naive
patients treated in the first line setting, and the population ben-
efiting from the combination appeared to be mainly those who
were entirely endocrine therapy-naive, even in the adjuvant setting
(Mehta et al., 2012).

By contrast, the FACT study, another randomized trial of anastra-
zole with or without fulvestrant that enrolled endocrine-pretreated
patients, showed no benefit from the combination (Bergh et al.,
2012).

4.4. Combinations of mTOR inhibitors in ER+ metastatic breast
cancer

The mammalian target of rapamycin (mTOR) is a signaling
kinase of the phosphatidylinositol 3-kinase/protein kinase B (also
known as Akt) signaling pathway that mediates cell growth
and metabolism.It has two main downstream messengers: the
ribosomalp70 S6 kinase (S6K1) and the eukaryotic translation ini-
tiationfactor 4E-binding protein (4E-BP1) (Margariti et al., 2011).
Both proteins aretranslational activators critical for ribosome
biogenesis and translation, including the synthesis of proteins
necessary forcell cycle progression. In addition to its effect on
proteintranslation mediated by S6K1 and 4E-BP1, mTORactivation-
leads to the phosphorylation of several downstream effectorsand
transcription factors.Dysregulation of the mTOR pathway creates
a favorable environment for the development and progression
of many cancers, including breast cancer, and is associated
with the development of resistance to endocrine therapy and
to the anti-HER2 monoclonal antibody trastuzumab.Interest on
the PI3 K/AKT/mTOR pathway has recently intensified, not only
because PI3K-activating mutations are found in 36% of human
breast cancers (CGA Network, 2012), but also based on data com-
ing from preclinical studies. They demonstrated the association
between activation of the PI3 K/AKT/mTOR pathway and endocrine
resistance (Clark et al., 2002; Miller et al., 2009), but sensitivity
may  be restored by treatment with mTOR inhibitors (deGraffenried
et al., 2004).

In addition, estrogen deprivation increases apoptosis follow-
ing PI3 K inhibitor treatment, providing a rationale for combined
therapy in HR+ disease (Sanchez et al., 2011).

Moreover, in models of estrogen-responsive BC, subnanomolar
everolimus concentrations reduced the growth of BC cells in vitro,
and enhanced antitumor activities were observed in combination
with the AI, letrozole (Boulay et al., 2005).

Clinical statement to the value of co-targeting ERand the
PI3 K/AKT/mTOR pathway comes from several key trials.

In the Breast Cancer Trials of Oral Everolimus-2 (BOLERO-2), a
randomizedphase III study of 724 postmenopausal women with
HR+, HER2-negative metastatic breast cancer, progressed on ther-
apy with a nonsteroidal AI, combination therapy with exemestane
and the mTOR inhibitor everolimus resulted in a significantly longer
PFS (7.8 versus 3.2 months) and higher response rate than the sin-
gle agent exemestane (Baselga et al., 2012; Piccart-Gebhart et al.,
2012).

In the Tamoxifen and RAD001 (TAMRAD) study, a smaller ran-
domized phase II trial in a similar patient population, patients
receiving the combination of tamoxifen and everolimus had higher
clinical benefit rate (61%) and longer TTP (8.6 months) than the
group receiving tamoxifen alone (42% and 4.5months). In that
study, patients with secondary resistance to AIseemed to benefit
more from the combination than patients withprimary resistance,
supporting the concept that cross-talk betweenpathways and the

sequential upregulation of the PI3 K/mTOR signaling is a mecha-
nism of resistance (Bachelot et al., 2012).

It is worth of note that these benefits were not without toxic-
ity. In both studies combined everolimus/endocrine therapy had
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ubstantially higher stomatitis (56%), rash (36% to 44%), fatigue
33% to 72%), diarrhea (30% to 39%), and anorexia (29% to43%) than
ingle-agent endocrine therapy.

The third study evaluating the combination, the HORIZON
rial,found no benefit in PFS associated with the addition of the

TORinhibitor (temsirolimus) to AI therapy (letrozole). Indeed, the
rial was stopped for futility by the independentdata monitoring
ommittee. Response rate and OS were also similar between groups
Wolff et al., 2013).

One key difference between these studies is that the patient
opulation in the HORIZON study was largely AI-naive and tem-
irolimus/letrozole was the first endocrine treatment for metastatic
isease. By contrast, patients in both BOLERO-2 and TAMRAD had
I-resistant disease. In BOLERO-2, 84% of patients had initially
ndocrine-sensitive disease and then progressed on an AI, so this
opulation was essentially characterized by the same secondary
esistance population that showed the greatest benefit in TAMRAD.

Based on these differences, it seems that the mTOR inhibitor
enefit may  be restricted to those with acquired AI resistance.

However, it is worth of note that the combination therapy
as also marginallyoutperformed single-agent AI in the previously
ntreated neoadjuvant setting (Baselga et al., 2009).

In this phase II randomized trial of 270postmenopausal women,
hose that who received 4 months of preoperative therapy with
etrozole and everolimus had a clinical response rate of 68% com-
ared with 59% in those receiving letrozole alone, suggesting that
otargeting both ER and mTOR circumvents de novo endocrine
esistance,or at least increases effectiveness of initial ER-targeting,
n some untreated tumors.

Tumor biologic differences could also play a role in the dif-
erentialbenefit seen in these trials. In this neoadjuvant trial of
verolimus plus AI, Boulay et al., 2005 found that patients whose
umors had activating mutations in exon 9 of PIK3CA showed strong
nti proliferative response (Ki67) to mTOR/AI combination therapy
ut poor responseto AI alone.

There is a substantial variability in PIK3CA mutation rates across
olecularsubtypes, with 45% in the luminal A compared with

nly 29% in theluminal B subsets (Margariti et al., 2011). Neither
OLERO-2 nor the HORIZON trial included intrinsic subtyping or
ther correlative biomarker data, and, in the absence of biomarker
ata, there could be unknown cross-trial differences in the pro-
ortion of tumors with PTEN loss, PI3 K activating mutation, or
ther pathway aberrancy. Retrospective analysis results presented
y Gabriel N. Hortobagyi in the 2013 ASCO Meeting suggest no
redictive marker of everolimus efficacy. Everolimus benefit main-
ained in patients regardless of gene alterations in PI3KCA and PI3 K
athway genes (Hortobagyi et al., 2013). This analysis suggests that
I3 K pathway itself or PI3KCA status alone is not a biomarker of the
fficacy of everolimus. This benefit was slightly less pronounced in
atients with FGFR1/2 alterations. These observations suggest that

 large subgroup of patients (76%), defined by minimal genetic vari-
tions in the PI3 K or FGFR pathways, or CCND1, derives the most
enefit from everolimus therapy (HR = 0.27 versus 0.40 for the full
ext-generation sequencing population).

These observations appear inconclusive and predictive
iomarkers for targeting the PI3 K/mTOR pathway are still a
ork in progress (Juric and Baselga, 2012).

It is unlikely that we will find a single approach that incon-
rovertibly reverses endocrine resistance across all populations,
nd different strategies to combat endocrine therapy resistance
ave failed to yield consistent results. For example, among sev-
ral trials of epidermal growth factor receptor inhibition combined

ith endocrine therapy, some have demonstrated PFS benefit from

he combinationin patients who had not received prior endocrine
herapy (Johnston, 2009b) while trials in more heavily pretreated
atients have not confirmed this benefit (Osborne and Schiff, 2011).
y/Hematology 100 (2016) 57–68 63

So, the addition of mTOR inhibitors resulted positive in pre-
treated HR+ metastatic breast cancer, but no gain with the
combination in the first line treatment.

Above all “acquired resistant” population has the most to gain, as
current PFS with further endocrine therapies after first line setting
range from 3–4 months, and, properly in this setting, combinations
with agents that overcome resistance can improve the outcomes of
patients (Baselga et al., 2012; Piccart-Gebhart et al., 2012).

5. Algorithm for management of post-menopausal HR+
metastatic breast cancer

While hormone-unresponsive or life-threatening disease
requires chemotherapy, no life-threatening disease HR + metastatic
BC patients are candidate to first line endocrine therapy.

Sites and extent of disease, related symptoms, ER levels and
HER2 status, disease-free and treatment-free intervals, perfor-
mance status and patient wishes are key factors in first line
treatment choice (Fig. 2).

To date, a non-steroidal AI is the standard choice for first-line
treatment in de novo metastatic HR+ breast cancer, in patients
who did not receive prior adjuvant hormonal therapy, in whom
that progressed on adjuvant tamoxifen or >1 disease-free interval
post-adjuvant tamoxifen. Selected previously untreated metastatic
breast cancer patients could benefit from a combined endocrine
therapy with fulvestrant plus AI, above all if entirely endocrine
therapy-naive, even in the adjuvant setting (Mehta et al., 2012).

It worth of note that primarily endocrine therapy-naive
metastatic BC patients are not a typical contemporary metastatic
population. Actually, the great majority of patients with HR+
metastatic BC received endocrine therapy in the adjuvant setting.
Tamoxifen is the mainstay in the treatment of premenopausal
women. On the other hand in post-menopausal women third-
generation AIs resulted superior to tamoxifen in large adjuvant
trials. Main studies evaluated 5 years of AI versus tamoxifen for 5
years (up-front strategy) or 2–3 year of AIs after 3–2 years of tamox-
ifen (early switch) (Forbes et al., 2008; Jonat et al., 2006; Coates
et al., 2007; van de Velde et al., 2011; Coombes et al., 2004).

Being non-steroidal AIs widely used in the adjuvant setting, the
choice of different endocrine agents for first-line advanced disease
has to be considered (Table 1).

Since the results at a long-term follow-up, fulvestrant has to be
considered a valid therapeutic option in first line setting.

The FIRST trialdemonstrated a reduction in the risk of progres-
sion and death with fulvestrant 500 mg  versus anastrozole 1 mg
(hazard ratio = 0.626; P = 0.0496) (Robertson et al., 2010; Robertson,
2014). Again, in the CONFIRM trial fulvestrant 500 mg  was demon-
strated to be superior to fulvestrant 250 mg  in terms of TTP and
OS (Di Leo et al., 2010, 2012). It is worth of note that all patients
had received a previous endocrine therapy and the study included
patients relapsing during adjuvant treatment,with a < or >12 month
disease free interval post-adjuvant AI therapy, or progressing
after first line endocrine therapy for “de novo” advanced disease.
Approximately half of the patients had received prior AI and half
prior tamoxifen. Therefore fulvestrant 500 mg  would appear to
have convincing data in the post-adjuvant AI setting and it could be
recommended in first line setting for patients that relapse on adju-
vant endocrine AI either after a disease-free interval post-adjuvant
AI. CONFIRM trial also supports the use of fulvestrant as second line
treatment for metastatic HR+ patients who progress during first line
AI therapy.
The use of mTOR inhibitors associated with endocrine therapy
could be a valid option but studies that evaluated these combina-
tions reported conflicting data (Wolff et al., 2013; Baselga et al.,
2012; Piccart-Gebhart et al., 2012; Bachelot et al., 2012).These
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In favour of  chemotherapy  Uncertain In  favour of  endocrine 
therapy 

Disease-free 
inter val 

On treatment or <1yr  1-2 yrs  >2 yrs 

Visceral  
Metastase s 

Massive burden (visceral 
crisis ) 

Moderate 
burden 

Minimal burden 

Symptoms Heavy  Moderate  Minimal or absent 

Fig. 2. Current Criteria used to support First Line treatment choices in HR+ Metastatic Breast Cancer.

Table 1
Treatment algorithm of endocrine therapy in metastatic breast cancer based on phase III data, phase II data or treatment option but not supported by randomized, controlled,
data.

Prior treatment First line Second line Third line

De novo/no prior adjuvant
endocrine therapy

AI (anastrozole or
letrozole)(Nabholtz et al., 2000,
2003; Bonneterre et al., 2000;
Mouridsen et al., 2003)
or
Anastrozole + fulvestranta

(Mehta et al., 2012)

Fulvestrant 500 MG (Di Leo
et al., 2010, 2012; Robertson
et al., 2009, 2010; Robertson,
2014)
or exemestane + everolimus
(Baselga et al., 2012;
Piccart-Gebhart et al., 2012)
or
AI (anastrozole or
letrozole)(Buzdar et al., 1997,
1998, 2001; Jonat et al., 1996;
Dombernowsky et al., 1998)

Exemestane + everolimus
(Baselga et al., 2012;
Piccart-Gebhart et al., 2012)
or
AI (Anastrozole or Letrozole)
(Buzdar et al., 1997, 1998,
2001; Jonat et al., 1996;
Dombernowsky et al., 1998)
or
Fulvestrant 500 mg (Robertson
et al., 2003, 2004)

Recurrence on adjuvant
tamoxifen or >1 disease-free
interval post-adjuvant
tamoxifen

AI (anastrozole or
letrozole)(Nabholtz et al., 2000,
2003; Bonneterre et al., 2000;
Mouridsen et al., 2003)
or
Fulvestrant 500 MG  (Di Leo
et al., 2010, 2012)

Fulvestrant 500 MG (Di Leo
et al., 2010, 2012)
or exemestane + everolimus
(Baselga et al., 2012)
or
AI (anastrozole or letrozole)
(Buzdar et al., 1997, 1998,
2001; Jonat et al., 1996;
Dombernowsky et al., 1998)

AI (Anastrozole or Letrozole or
Exemestane) (Buzdar et al.,
1997, 1998, 2001; Jonat et al.,
1996; Dombernowsky et al.,
1998; Kaufmann et al., 2000)
or
Fulvestrant 500 mg (Robertson
et al., 2003, 2004)

Prior  non-steroidal AI therapy
with >1 year disease-free
interval post-adjuvant AI

Fulvestrant 500 MG  (Di Leo
et al., 2010, 2012; Robertson
et  al., 2010)
or
Exemestane + everolimus
(Baselga et al., 2012;
Piccart-Gebhart et al., 2012)

Exemestane + everolimus
(Baselga et al., 2012)
or
Fulvestrant (Robertson et al.,
2003; Di Leo et al., 2010, 2012)

Tamoxifen
or
Different AI

Recurrence on adjuvant AI Exemestane + everolimus
(Baselga et al., 2012;
Piccart-Gebhart et al., 2012)
or
Fulvestrant 500 MG  (Di Leo
et al., 2010, 2012)

Fulvestrant 500 MG (Robertson
et al., 2003; Di Leo et al., 2010,
2012)
or
Exemestane + everolimus
(Baselga et al., 2012;
Piccart-Gebhart et al., 2012)

Tamoxifen
or
Different AI

Abbreviations:  AI, aromatase inhibitor, CT: chemotherapy
crine
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a It may  be that patients unexposed to prior endocrine therapy with highly endo
ulvestrant. However considering the contradictory results of the SWOG(50) and the
ombination as “a standard of care”.

tudies, as previously reported, evaluated patients in different
reatment settings, and one key difference is that the patient popu-
ation in the HORIZON study was largely AI-naive and the addition
f the mTOR inhibitor (temsirolimus) to AI therapy (letrozole), as
rst line endocrine treatment for metastatic disease, determined
o benefit in PFS.Indeed, the trial was stopped for futility by the
ndependent data monitoring committee. By contrast, patients in
oth BOLERO-2 and TAMRAD presented AI-resistant disease. In
OLERO-2, 84% of patients had initially endocrine-sensitive disease
-sensitive tumors could derive the largest benefit from the combination of an AI +
(51) trials, it seems appropriate to wait for further evidence before considering this

and then progressed on an AI, so this population was essentially
characterized by the same secondary resistance population that
showed the greatest benefit in TAMRAD. Above all, in the BOLERO-
2 trial 16% of patients in both arms had received fulvestrant before
exemestane ± everolimus and these patients benefitted from the
combination. On the other hand no data support the reverse

sequence.

Based on these differences, it seems that the benefit from the
addition of mTOR inhibitor may  be restricted to patients with
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could be perceived as prejudicing the impartiality of the research
reported.
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cquired AI resistance. Moreover these benefits were not without
oxicity. In both studies combined everolimus/endocrine therapy
ad substantially higher stomatitis (56%), rash (36% to 44%), fatigue
33% to 72%), diarrhea (30% to 39%), and anorexia (29% to 43%) than
ingle-agent endocrine therapy.

Interesting data in first line setting derive from the combination
f letrozole plus PD 0332991 (Finn et al., 2012) (see par.1.2), but
hese data need to be confirmed by the ongoing phase III trial.

To date, during first several lines of treatment in the metastatic
etting patients could develop acquired resistance to endocrine
herapy, and it constitutes an important clinical problem. In this
ontext, different strategies could overcome the acquired resis-
ance.

It is unlikely that a single approach could incontrovertibly
everse endocrine resistance across all population. So, properly
lanning an algorithm that includes all the available approaches
llows the most useful long-term strategy.

. Maintenance endocrine therapy: which evidence?

The use of endocrine therapy is well established inpatients
ith hormone-dependent metastatic breast cancer. The role of
aintenance endocrine therapy in controlling the regrowth of

ormone-dependent clones after maximum cytoreduction with
hemotherapy is an interesting issue, even though, in literature,
ata focused on this strategy are rare. Only one prospective ran-
omized study published by Kloke et al. in 1999 is available. In
his phase-III trial, 90 patients with a disease controlled after 6
ycles of anthracyclin- and ifosfamide-containing regimen were
andomized to receive or not maintenance therapy by medrox-
progesterone acetate. A longer median TTP was  reported among
atients who were treated by maintenance hormone therapy (4.9
ersus 3.7 months; p = 0. 02). However the small sample size, the
nclusion of receptor-negative patients, and the use of an older gen-
ration endocrine compound limit the interpretation of this trial.

Two retrospective studies found hormonal maintenance ther-
py as a significant factor among several prognostic factors for PFS
nd OS after first line chemotherapy. In 1997, Berruti et al., ana-
ysed factors influencing ORR and OS among 207 patients treated
y epirubicin, followed or not by maintenance hormone therapy.
atients who received maintenance endocrine therapy survived
ignificantly longer than those submitted to observation, in both
ni- and multivariate analysis. The author concluded that “the pos-

tive impact of maintenance hormonal therapy is impressive and
eserves confirmation in randomized studies”.

Montemurro et al., 2002 studied 109 consecutive patients with
R and/or PgR-positive metastatic breast cancer, receiving high-
ose chemotherapy with hematopoietic progenitor cell transplant
HDCT), who were progression free for at least 4 months after HDCT
ith cyclophosphamide, carmustine and thiotepa, and analysed the

actors which improve its efficacy. Of these, 55 were non-randomly
ubmitted to maintenance endocrine therapy. This maintenance
ormonal therapy appeared to be a significant factor in multivari-
te analysis, since that treatment improved the PFS from 19.2 to
1.1 months (p = 0.022). Maintenance endocrine therapy retained

ndependent prognostic value in the multivariate model consider-
ng other important prognostic factors, like complete response (CR)
o HDCT, disease extent and pattern of metastatic disease.

The largest retrospective study on this subject included 934
atients treated for metastatic breast cancer in 4 French cancer
entres (Dufresne and Pivot et al., 2008). Hormonal treat-

ent administered after response or stabilization with first-line

hemotherapy seemed related to a better outcome with 7.8–16.3
onths for the duration of PFS (p < 0. 0001) and from 30 to 48.1
onths for the overall duration of metastatic survival (p < 0. 0001).
y/Hematology 100 (2016) 57–68 65

Maintenance hormonal therapy was given alone after chemother-
apy in 308 patients. Hormonal treatments included tamoxifen(94),
aromatase inhibitors (153), fulvestrant (47) and megesterol acetate
(14). The median duration of first line chemotherapy was 4.4
months (ranges: 3–9.7). Even the influence of the type of response
achieved by first line chemotherapy is well established (Greenberg
et al., 1996), strikingly, this study demonstrated that this benefit
was observed independently of the type of response achieved by
first line chemotherapy. The choice of patient/tumor characteristics
for who  would or would not receive the maintenance hormonal
therapy was not random, or controlled in any way, and this may
have led to a selection of better prognosis patients.

Nevertheless the major impact obtained by maintenance hor-
monal treatment after the first line chemotherapy might indicate
that this strategy should be recommended in patients with an ER
or PgR positive tumors.

Based on the amplitude of the benefit observed, it may  be
ethically debatable to conduct a prospective randomized study.
Moreover, randomized trials which assess the benefit of a new
chemotherapy regimen should allow the possibility to give main-
tenance hormonal treatment.

In conclusion no compelling evidence exists for maintenance
endocrine therapy. However, given its low toxicity, maintenance
endocrine therapy appears a reasonable option in endocrine
responsive tumors responding to chemotherapy.

7. Conclusions

To date, endocrine therapy is the mainstay of hormone respon-
sive breast cancer treatment. It is based on different approaches
and it does not appear the sequence of hormonal agents used alters
overall survival. Also its widely recognized role in controlling the
regrowth of hormone-sensitive clones after maximum cytoreduc-
tion with chemotherapy is an interesting issue, even though, in
literature, data focused on this strategy are rare. It is worth of note
that some patients, despite HR+ status, could be either primarily
resistant to hormone therapies or will develop hormone resistance
during the course of their disease. The recent availability of the
combination of everolimus and exemestane is a significant and
important advance in patients with acquired endocrine resistance
but we  need to better predict and manage toxicities.
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