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a  b  s  t  r  a  c  t

Tamoxifen  and  GnRH  analogues  (GnRHa)  represent  the mainstay  of  endocrine  manipulations  in
premenopausal  women.  The  estrogen  blockade  obtained  by  aromatase  inhibitors  (AIs)  plus  GnRHa  sup-
presses  circulating  estrogens  more  deeply  than  tamoxifen  plus  GnRHa.  Retrospective  and  prospective
evidence  confirm  a  substantial  activity  for AIs  and  GnRHa  in  locally  advanced  and  metastatic  breast
cancer.  In early  breast  cancer  inconsistent  evidence  emerged  from  2  large  randomized  studies  with  anas-
trozole performing  as  tamoxifen  in  terms  of DFS,  but  significantly  worse  as  of OS  while  exemestane
outperformed  tamoxifen  as of  DFS particularly  in  very  young  and  high-risk  women.  These  findings  sup-
port  the  use  of  AIs  plus  GnRHa  in advanced  breast  cancer  while  long  term efficacy  and  safety  data  are
expected  to  define  the  appropriate  indication  of  AIs in early  breast  cancer.  In addition  the  clinical  signif-
icance  of persistent  circulating  estrogens  and  long  term  effects  of  estrogen  deprivation  in young  women
need  further  clarification.

© 2016 Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

About two-thirds of breast cancers at any age express some
degree of estrogen receptors (ER) (Anderson et al., 2002). Thereby
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endocrine therapy represents an approach of utmost relevance for
a large proportion of premenopausal women  with breast cancer.

The antiestrogen Tamoxifen ± ovarian suppression by means
of a GnRH analogue (GnRHa) represent the standard treatment
of premenopausal breast cancer patients. Despite the number of
published clinical trials, the optimal combination, timing and dura-
tion of these two  agents in early disease are still debated, while in
advanced disease the combination of the two agents is established
as the standard treatment (Jankowitz et al., 2013; Klijn et al., 2001).

As a matter of fact, after failure on an initial endocrine agent
most tumors still maintain expression of ER suggesting that a fur-
ther endocrine manipulation may  be effective (Johnston, 2010).
However in premenopausal women the exploitment of persistent
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endocrine sensitivity after tamoxifen failure has been limited by
the lack of other endocrine active agents.

The development of aromatase inhibitors (AIs) has substantially
changed the algorithm of endocrine therapy in postmenopausal
women (Santen and Harvey, 1999; Smith and Dowsett, 2003; Winer
et al., 2005). The availability of these agents could theoretically
depict new opportunities also for premenopausal breast cancer
patients.

In the present review we will summarize data about the use
of AIs in premenopausal breast cancer, highlight potential con-
cerns and finally briefly discuss other potential use of aromatase
inhibitors in premenopausal women.

2. Endocrinology of aromatase inhibitors in premenopause

Aromatase is a cytochrome P-450 enzymes which catalyzes
the synthesis of estrogens from the androgen precursors (Santen
and Harvey, 1999). Aromatase expression occurs in many organs,
including ovary, placenta, hypothalamus, liver, muscle, adipose tis-
sue, and breast cancer itself (Santen and Harvey, 1999). Aromatase
catalyzes three separate steroid hydroxylations which are involved
in the conversion of androstenedione to estrone or testosterone
to estradiol. In premenopausal women the major source of aro-
matase is represented by ovaries, its expression being induced
by follicle stimulating hormone (FSH) during puberty (Santen and
Harvey, 1999). However, extraglandular aromatization of adrenal
substrates in peripheral tissues which represents the major source
of aromatase in postmenopausal women, substantially contributes
to estrogen levels also in premenopause (Santen and Harvey, 1999).

Both circulating and locally synthesized estrogens exert a nega-
tive feedback on gonadotropin release (Smith and Dowsett, 2003).
Inhibition of aromatase activity leads to a decrease of estrogens
and releases the hypotalamic/pituitary axis from negative estrogen
feedback finally resulting in a stimulation of gonadotropin syn-
thesis which in turn stimulates estrogens and aromatase (Smith
and Dowsett, 2003). Although AIs block also ovarian aromatase,
earlier attempts with aminoglutheimide were not effective in sup-
pressing circulating estrogens of premenopausal women to the
postmenopausal range (Santen et al., 1980; Harris et al., 1982;
Wander et al., 1986). Similarly, there was no decrease in estradiol
after short term treatment with the more potent second genera-
tion steroidal AI, formestane (Stein et al., 1990). Conversely, when
formestane was given in patients receiving GnRHa, estradiol and
other estrogen levels fell below the levels reached with medical
ablation alone (Stein et al., 1990; Celio et al., 1999), suggesting that
formestane was effective in suppressing peripheral conversion of
androgens which may  be responsible of the persistent detectable
levels of estrogens after ovarian ablation. As a consequence, serum
estradiol levels measured in premenopausal women treated with
combined therapy were close to the lower limits measured in post-
menopausal women treated with formestane (Stein et al., 1990).

The third generation triazole derivatives anastrozole and letro-
zole induced a greater suppression of aromatase activity as
compared to formestane in postmenopausal women (Smith and
Dowsett, 2003). Significant differences in the extent of aromatase
inhibition, and suppression of circulating estrone, estradiol and
estrone sulphate favoring letrozole on anastrozole have been
reported (Geisler et al., 2002; Dixon et al., 2008).

The hypothesis that the combination of AIs plus GnRHa was  able
to induce a more complete estrogen blockade than tamoxifen plus
GnRHa was investigated both in head-to-head −comparison and in
sequence therapy (Rossi et al., 2008; Forward et al., 2004; Cheung
et al., 2010). A 6-month treatment of letrozole plus triptorelin sig-
nificantly suppressed plasma estradiol and estrone as compared
with tamoxifen and triptorelin in premenopausal women treated

within a randomized phase III adjuvant trial (Rossi et al., 2008). On
the other hand, Forward showed that anastrozole further decreased
estradiol levels by 76% in 16 premenopausal patients previously
treated and progressing on tamoxifen; this observation was not
confirmed in another smaller sample of 6 women (Forward et al.,
2004; Cheung et al., 2010).

The profound suppression of circulating estrogens obtained by
GnRHa plus AIs provided a strong rationale for evaluating whether
this blockade might translate in a clinical benefit beyond that of
standard therapy with tamoxifen plus GnRHa.

3. Studies with aromatase inhibitors in metastatic and
locally advanced disease

The results of studies with 3rd generation AIs in advanced breast
cancer are summarized in Table 1 (Forward et al., 2004; Cheung
et al., 2010; Carlson et al., 2010; Park et al., 2010; Yao et al., 2011;
Nishimura et al., 2013; Liu et al., 2013; Wang et al., 2015).

Forward reported a retrospective small series of 16 women
who received anastrozole plus goserelin after tamoxifen failure for
advanced disease (Forward et al., 2004). A clinical benefit (CB) was
observed in 75% of patients with a median duration of response
of 17+ months (Forward et al., 2004). All patients had previously
obtained objective response (OR) and/or very prolonged CB with
tamoxifen thus featuring a truly endocrine sensitive population.
This study albeit very limited, represented the first report of a sig-
nificant disease control with a second line endocrine treatment in
premenopausal women  (Forward et al., 2004).

A second series was  reported by Cheung who  retrospectively
collected data about 36 premenopausal women administered anas-
trozole and goserelin as first-line endocrine therapy for metastatic
and locally advanced disease (Cheung et al., 2010). Sixty-seven per-
cent of patients obtained a CB with a OR rate of 36% and a longer
duration of response (24+ months) as compared with that previ-
ously observed as second line (Cheung et al., 2010).

A few phase II studies have investigated the combination of an AI
and goserelin as 1st line treatment in premenopausal women with
advanced disease (Carlson et al., 2010; Park et al., 2010; Nishimura
et al., 2013). The first study enrolled 32 premenopausal women who
received goserelin + anastrozole (Carlson et al., 2010). More than
two-third of patients received the combination as first endocrine
treatment. Objective responses and CB were obtained in 37.5% and
72% of patients, respectively and time to progression (TTP) was 8.3
months (Carlson et al., 2010).

In the second study Park compared the activity of goserelin and
letrozole in 36 premenopausal patients with a parallel series of
postmenopausal women treated with letrozole (Park et al., 2010).
Results in terms of CB and TTP were comparable while objective
response rate was significantly higher in premenopausal women
(Park et al., 2010).

Nishimura investigated the activity of goserelin and anastrozole
in a group of 36 patients all previously treated with GnRHa and TAM
either in adjuvant or metastastic (70%) setting (Nishimura et al.,
2013). Only 1 out of 7 responses was  obtained in a patient pro-
gressing on or shortly after adjuvant tamoxifen (Nishimura et al.,
2013).

Age seems not to affect the activity of AIs. Liu reported the results
of a retrospective series of 35 women  aged <35 yrs old treated with
goserelin and letrozole as 1st line therapy for advanced disease (Liu
et al., 2013). Ovarian suppression was  assessed through the study.
Outcome in terms of OR, CB and progression free survival (PFS)
was similar to that observed in “older” premenopausal women (Liu
et al., 2013).

More limited data are available with the steroidal AI exemes-
tane. In the retrospective series by Cheung, 13 patients received
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