Review 339

Neoadjuvant endocrine therapy for breast cancer:

past, present and future

Agusti Barnadas® Miguel Gil®, Pedro Sanchez-Rovira®, Antonio Llombart®,
Encarna Adrover®, Laura G. Estevez', Juan de la Haba® and Lourdes Calvo"

Combined treatments together with surgery, radiotherapy,
chemotherapy, and endocrine therapy have contributed
substantially to the improved survival rate in breast cancer.
For more than 2 decades, tamoxifen has been the standard
endocrine agent for hormone receptor-positive tumors.
Third-generation aromatase inhibitors have, however,

now proven to be superior to tamoxifen in the adjuvant
and, more recently, the neoadjuvant treatment of
postmenopausal patients. They have especially improved
the surgical management of large or inoperable locally
advanced breast tumors. Other advantages of neoadjuvant
endocrine therapy are just emerging, but there are still
many unanswered questions regarding its optimal use in
this setting. A need to define how to select the patients
who will benefit most from these therapies, the optimal
duration of treatment, the best method to evaluate the
treatment response achieved, the existence of predictive
factors for response, or the superiority of certain endocrine
agents over others has been observed. Other questions
regarding which complementary local and systemic
treatments should be administered after neoadjuvant
endocrine therapy or which efficacy endpoints should be
evaluated in clinical trials are also of interest. To answer as
many of these questions as possible, we have carried out
a critical analysis of the current literature on the use of

Introduction

Endocrine therapy for breast cancer has been used since
the last century, as it was shown that oopherectomy
caused regression of advanced breast cancer [1]. Later,
endocrine therapies including adrenalectomy and hypo-
physectomy, and the use of estrogens and androgens,
were developed. In the 1970s, tamoxifen became the
standard treatment for hormone receptor (HR)-positive
breast tumors and has been used for more than two
decades [2,3]. Nowadays, it is known that tamoxifen may
reduce the annual breast cancer death rate by 31% in
estrogen receptor (ER)-positive tumors [4].

As estrogens are the major hormones supporting the
growth of breast cancer, the goal of endocrine therapy is
to block the cell growth pathways that are stimulated
after ER activation. This objective can be achieved either
by inhibiting estrogen from binding to its specific
receptor or by inhibiting its synthesis. Tamoxifen is a
competitive inhibitor of estradiol binding to the ER. It
has mixed agonist and antagonist effects. Although the
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agonist effect may be beneficial because it prevents bone
demineralization, it can also lead to significant side
effects such as endometrial cancer or thromboembolism
[5]. Other agents that are currently playing a pivotal role
in endocrine therapy include aromatase inhibitors, which
act throughout the estrogen synthesis pathway. After
menopause, estrogens are mainly synthesized outside the
ovaries by the conversion of androgenic substrates via the
aromatase enzyme. Aromatase inhibitors inactivate this
enzyme thereby decreasing the synthesis of estrogens.
According to the chronological order in which they were
developed, aromatase inhibitors are classified as first-
generation, second-generation, and third-generation com-
pounds. First-generation compounds are represented by
aminoglutethimide, but its use is limited owing to its
toxicity and lack of selectivity [6]. Second-generation
aromatase inhibitors, such as formestane and fadrozole,
were substituted by third-generation compounds, which
showed greater potency and specificity along with oral
availability and reduced side effects [7]. These third-
generation compounds are currently in use today and may
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be further classified into type 1 inhibitors, such as
exemestane, which is steroidal and binds irreversibly to
its site of action, and type 2 inhibitors, such as anastrozole
and letrozole, which are nonsteroidal and bind reversibly
to the enzyme [8].

To date, third-generation aromatase inhibitors have been
demonstrated to be superior to tamoxifen in the
treatment of postmenopausal women with breast cancer
in the metastatic and the adjuvant setting of the disease.
In the metastatic setting, several prospective randomized
trials have compared anastrozole, letrozole, or exemes-
tane with tamoxifen as first-line treatment and have
demonstrated statistically significant clinical benefits in
favor of aromatase inhibitors [9-13]. In the adjuvant
setting, at least three randomized studies have shown a
benefit from switching to an aromatase inhibitor after
2-3 years of tamoxifen [14-16]; and two studies have
demonstrated the superiority of aromatase inhibitors over
tamoxifen when administered as initial therapy in the
adjuvant setting [17,18]. As a consequence, the American
Society of Clinical Oncology guidelines recommend that,
to lower the risk of tumor recurrence, adjuvant therapy
for postmenopausal women with HR-positive breast
cancer should include an aromatase inhibitor [19].

Neoadjuvant therapy, also called primary, induction, or
preoperative therapy, is increasingly used in the treatment
of breast cancer. Recently, an international expert panel
has updated the indications for the neoadjuvant systemic
treatment of operable breast cancer [20]. Although it was
already widely accepted that neoadjuvant treatment was
the standard treatment for locally advanced breast cancer,
they also considered that it should be a standard option for
primary operable disease. This is because of the main
clinical advantages of neoadjuvant therapy, which has been
demonstrated to reduce tumor size, thereby allowing the
resection of previously inoperable tumors, or to enhance
the chances for carrying out breast-conserving surgery
(BCS) in large operable tumors initially destined for
mastectomy, without compromising survival rates [21].
Other than surgical improvements, neoadjuvant therapy
offers additional advantages. Although adjuvant therapy
requires much larger patient numbers and longer follow-up
periods to ascertain its effectiveness, tumor responses
following neoadjuvant therapy can be directly evaluated. It
therefore permits the prediction of subsequent sensitivity
to a given agent in the adjuvant setting, or an early change
of therapy in the case of resistance [22]. It also provides
insights into the molecular mechanisms of breast cancer
and corresponding interactions with different anticancer
compounds, as well as the opportunity to search for
molecular biomarkers that might be of value in predicting
outcome. As a result, information obtained from neoadju-
vant therapy is expanding our knowledge ultimately to
ensure the most appropriate choice of therapy for each
patient.

Administration of endocrine therapies preoperatively has
proven effectiveness in HR-positive postmenopausal
women [23-27]. Many unanswered questions are how-
ever, still present concerning their use in this setting such
as how to select the patients who will benefit most from
these therapies, the optimal duration of treatment,
the best method to evaluate the treatment response
achieved, the existence of predictive factors for this
response or the superiority of certain endocrine agents
over others. To answer as many of these questions as
possible, we have carried out a critical analysis of the
current literature on the use of endocrine therapy in the
neoadjuvant setting of breast cancer.

Which data support the use of neoadjuvant endocrine
therapy in patients with breast cancer?

Tamoxifen was first tested as primary therapy in elderly or
frail patients with the intention of avoiding surgery rather
than as a neoadjuvant agent. Three important rando-
mized trials compared tamoxifen alone versus surgery
alone [28-30]. Generally, the conclusion drawn from
these trials was that tamoxifen alone led to a higher rate
of local failure, and that the optimal treatment for elderly
patients with operable breast cancer should, whenever
possible, include a surgical procedure. This conclusion
was further supported by other trials where tamoxifen
alone was compared with surgery followed by tamoxifen
[31-33]. None of these studies, however, showed any
overall survival differences between tamoxifen, surgery or
the combination of both, and hence hormone therapy
alone remains as an ethical approach in those patients for
whom surgery is not recommended. Subsequent research
has focused on whether neoadjuvant endocrine therapy
was able to improve surgical outcomes rather than to
replace it.

Only one study reported direct comparison of neoadju-
vant endocrine therapy versus neoadjuvant chemotherapy
in postmenopausal HR-positive patients with breast
cancer [34]. Patients were assigned to receive either
chemotherapy (four cycles of doxorubicin and paclitaxel
every 3 weeks) or endocrine therapy with an aromatase
inhibitor (anastrozole or exemestane for 3 months).
Objective responses and disease-free survival at 3 months
were similar between both treatment groups, although a
tendency toward more breast-conserving surgeries was
observed in the endocrine treatment arm (33 versus 24%,
P =0.058). The authors concluded that neoadjuvant
endocrine therapy was an effective and safe alternative
to neoadjuvant chemotherapy in postmenopausal women
with HR-positive breast cancer.

Unfortunately, there are no published studies that
compare preoperative endocrine therapy followed by
surgery versus surgery followed by endocrine therapy, in
the way that the National Surgical Adjuvant Breast and
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Bowel Project B-18 trial did successfully with chemother-
apy [35]. Only one study [36] partially achieved this by
comparing neoadjuvant chemoendocrine with adjuvant
chemoendocrine therapy. Treatment assignment was
carried out according to menopausal and HR status.
ER-negative patients received chemotherapy, whereas
ER-positive patients received goserelin if they were
premenopausal or formestane if they were postmeno-
pausal. No improvement in survival benefit was seen
between the neoadjuvant and adjuvant approaches.

In summary, it is well established that adjuvant endocrine
therapy is the most effective adjuvant treatment for
postmenopausal women with ER-positive breast cancer
[4], and it is recognized that neoadjuvant therapy is as
safe and effective as the same treatment administered
postoperatively [20,35,37]. In spite of the lack of specific
data with endocrine therapies, it would be logical to
assume that neoadjuvant endocrine therapy should be at
least as effective as chemotherapy in postmenopausal
women with ER-positive breast cancer.

Which patients with breast cancer should receive
neoadjuvant endocrine therapy?

Nowadays, the routine administration of neoadjuvant
endocrine therapy is acceptable for postmenopausal
patients with ER-positive tumors that are large but
operable or locally advanced (7> 3cm). In these
patients, neoadjuvant endocrine therapy has been de-
monstrated to improve surgical outcome [23-26]. Neoad-
juvant endocrine therapy is also recommended for elderly
or frail patients for whom chemotherapy, surgery, or even
radiotherapy is not suitable, but who nevertheless require
a control of their breast cancer [38].

Current evidence to date indicates that HR status (and
especially ER status) should be the most important
criterion by which to select the patients who will benefit
most with neoadjuvant endocrine therapy. Within ER-
positive patients, those with an ER Allred scored of 6 and
more are most likely to respond [24,26,39,40]. This
enhanced responsiveness in tumors with higher HR levels
has been demonstrated with all endocrine compounds
(tamoxifen, letrozole, anastrozole, and exemestane). It is,
however, believed that aromatase inhibitors are able to
induce response in tumors with even lower levels of ER,
whereas tamoxifen does not [39].

It is hypothesized that for some groups of the population
with ER-positive tumors for which chemotherapy pro-
vides little benefit, endocrine therapy may be more
effective [41]. Recently, the National Surgical Adjuvant
Breast and Bowel Project and Genomic Health Inc.
established a 21-gene expression assay that was used to
demonstrate that approximately 50% of women with
node-negative HR-positive breast cancer had an excellent
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prognosis after being treated with adequate local treat-
ment and tamoxifen, and that they were unlikely to
derive any further benefit from chemotherapy [42]. In
this regard, the Z1031 trial designed by the American
College of Surgeons Oncology Group will try to identify
the patient population in which the response to
aromatase inhibitors would be sufficiently high to be
competitive against chemotherapy. This should identify
additional patient groups, which would benefit from
neoadjuvant endocrine therapy.

No data available to support the use of neoadjuvant
endocrine therapy in premenopausal healthy women with
ER-positive breast cancer outside clinical trials are
present. Clinical trials that are assessing whether admin-
istration of an aromatase inhibitor in addition to ovarian
suppression will improve the outcome for these women
are, however, ongoing [43].

Has any endocrine agent demonstrated superiority in
the neoadjuvant setting of breast cancer?

"To date, five randomized clinical trials have compared the
efficacy of third-generation aromatase inhibitors with
tamoxifen, and all of them have reported benefits by
different clinical endpoints in favor of the aromatase
inhibitor arm (Table 1). In the first clinical trial reported
[23], 4 months of letrozol (2.5 mg/day) was compared
with tamoxifen (20 mg/day) as neoadjuvant treatment for
women with HR-positive tumors that were inoperable or
who were ineligible for BCS. Letrozole was superior to
tamoxifen in terms of clinical and radiologic response
rates as well as the rate of BCS.

Another three trials compared the efficacy of anastrozole
with tamoxifen. Two of them have been reported in full
[24,25], and the third has been published in abstract form
[40]. The IMPACT (Immediate Preoperative Anastro-
zole, Tamoxifen, or Combined with Tamoxifen) trial [24]
randomized operable or locally advanced ER-positive
patients to receive anastrozol (1 mg/day), tamoxifen
(20 mg/day), or a combination of both over a period of 3
months. The overall, response rates were not significantly
different between the three treatment arms; however, in
those patients assessed to require mastectomy at base-
line, 46% of patients in the anastrozole arm were able to
undergo BCS, whereas only 22% of patients in the control
arm could do so (P = 0.03). The Pre-Operative Arimidex’
Compared with Tamoxifen trial [25] compared anastro-
zole with tamoxifen, but in this trial patients could
receive chemotherapy along with the endocrine treat-
ment. Initial results revealed that response rates were
higher with anastrozole than with tamoxifen in those
patients receiving a chemoendocrine treatment, and this
was so when response was evaluated clinically (49 versus
36%, P=0.04) or by ultrasound (37 versus 24%,
P =0.03). Moreover, significantly more patients were
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Table 1 Main randomized trials comparing third-generation aromatase inhibitors with tamoxifen in the neoadjuvant treatment
of breast cancer

Trial Patients Treatment Response rate Surgical improvement
Clinical Mammography Ultrasound
P024 [23,39] n=337; HR+ T: 20 mg/day 36% 16% 25% 35%
Inoperable or ineligible L: 2.5 mg/day 55% 34% 35% 45%
for BCS
4 months of treatment P value T versus L <0.001 <0.001 0.042 0.022
IMPACT [24] n=330; ER+ T: 20 mg/day 36% - 20% 31% 2206°
Postmenopausal, A: 1 mg/day 37% - 24% 44% 46%°
operable or LABC
3 months of treatment A+T 39% - 28% 24% 26%P
P value T versus A NS - NS NS 0.03
PROACT [25] n=451; HR+ T: 20 mg/day 40% - 27% 31%
Large, operable A: 1 mg/day 50%, P=0.08 - 36%, P=0.07 43%, P=0.04
(T2/3, NO-2, MO) or
potentially operable
(T4b, NO-2, MO)
3 months of treatment T+CT 36% - 24% -
A+CT 49%, P=0.04 - 37%, P=0.03 -
Semiglazov n=87; HR+ T: 20 mg/day 44% 36% 30% 28%
et al.? [40]
T2N1, T3NO-1, TANOMO A: 1 mg/day 70% 56% 44% 42%
3 months of treatment T+A 49% 40% 32% 30%
P value T versus A 0.048 0.058 0.072 0.056
Semiglazov n=151; ER+ T 40% 37% 37% 20%
et al® [26]
3 months of months E: 25 mg/day 76% 64% 61% 37%
P value T versus E 0.05 0.082 0.092 0.05

A, anastrozole; BCS, breast-conserving surgery; CT, chemotherapy; E, exemestane; ER+, estrogen receptor-positive; HR+, hormone receptor-positive; IMPACT,
Immediate Preoperative Anastrozole, Tamoxifen, or Combined with Tamoxifen; L, letrozole; LABC, locally advanced breast cancer; NS, not significant; PROACT, Pre-

Operative ‘Arimidex’ Compared with Tamoxifen; T, tamoxifen.
#Preliminary data.
PSurgeon assessment of feasible breast-conserving surgery.

able to undergo BCS if treated with anastrozole rather
than with tamoxifen (43 versus 31%, P = 0.04). The third
trial [40] compared anastrozole with tamoxifen or the
combination of both in postmenopausal HR-positive
women; and the aromatase inhibitor again achieved a
significantly improved clinical response rate in compar-
ison with tamoxifen (70 versus 44%, P = 0.048).

Lastly, one randomized trial of exemestane versus
tamoxifen has been published to date in abstract form
[26]. A total of 151 patients with ER-positive breast
cancer were randomly assigned to receive exemestane
(25mg/day) or tamoxifen for 3 months. The exeme-
stane arm showed significantly higher clinical response
(76 versus 40%, P = 0.05) and BCS rates (37 versus 20%,
P =10.05) than the tamoxifen arm.

Regarding safety issues, the third-generation aromatase
inhibitors seem to be well tolerated with a low incidence
of serious short-term adverse events. Some of the most
common events include headaches, hot flushes, or vaginal
dryness. Few data regarding long-term effects of these
compounds are observed, but they may include a higher
incidence of osteoporosis and fractures in comparison
with tamoxifen [11,44]. Also, they may provoke different
effects on lipid profiles that need further investigation.
Unlike tamoxifen, there is no evidence of an increased

risk of uterine carcinoma or venous thromboembolism
with third-generation aromatase inhibitors [45].

In summary, these trials have clearly demonstrated the
superiority of aromatase inhibitors over tamoxifen in the
neoadjuvant treatment of breast cancer, and have
established rates of BCS between 40 and 50%. Unfortu-
nately, there are no large, direct clinical studies that
compare third-generation aromatase inhibitors among
themselves. Indirect comparisons among different trials
would not be appropriate owing to the wide variability of
selection criteria and treatment schedules used in
those trials. Results are pending for the American College
of Surgeons Oncology Group Z1031 trial, in which
the efficacy of neoadjuvant exemestane (25 mg/day),
anastrozole (1 mg/day), and letrozole (2.5 mg/day) is
being compared in postmenopausal women with breast
cancer [46].

Which is the optimal duration of neoadjuvant endocrine
therapy?

The optimal duration of neoadjuvant endocrine therapy
has not yet been established [20]. At this point in
time, few clinical trials with endocrine therapies have
examined this question in the neoadjuvant setting, and
no definitive conclusions have be drawn from any
of them.
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In a small clinical trial [47], 33 postmenopausal women
with HR-positive breast cancer ineligible for BCS were
treated preoperatively with 2.5 mg daily of letrozole for a
minimum of 4 months and a maximum of 8 months.
Overall, the response rate was 57% for patients receiving
treatment for 4 months and 90% for those who were
treated for a longer period. Moreover, longer treatment
periods resulted in significant tumor size reductions
(P =0.0393). Another phase II trial with letrozole as
primary therapy in 70 patients was designed to determine
optimal treatment duration. A high overall clinical
response rate of 83% was achieved after a median time
of endocrine treatment of 6 months [48]. Lastly, a phase
IT trial in which 55 patients ineligible for BCS were
treated preoperatively with exemestane during 6 months
demonstrated an overall clinical response rate of 45% with
a pathological complete response (pCR) rate of 5% [27].

Overall, these studies show that at least 4 months of
neoadjuvant endocrine therapy should be administered,
and that longer treatments might certainly improve
response rates. Provided that there is a strict follow-up
to detect any possible case of disease progression early,
it seems reasonable to prolong endocrine treatment for
6-12 months, especially in those patients who are res-
ponding and in whom a BCS may be achieved.

How should response be evaluated after neoadjuvant
endocrine therapy?

One unresolved problem with neoadjuvant endocrine
therapy is the lack of a reliable marker of response.
Clinical measurements are inaccurate because of poor
reproducibility and observer variability, but other meth-
ods of response assessment do not seem to be much
better [49]. As shown in Table 1, tumor responses in all
randomized clinical trials carried out with neoadjuvant
endocrine therapy were measured by clinical examination
(palpation or caliper). Complementary radiological assess-
ments such as mammography, ultrasound, or both were
also carried out [23-26,40]. It is noteworthy that in all
cases response rates were higher with clinical examination
than with imaging procedures. It seems that either
clinical assessment overestimates response or radiological
methods underestimate it, perhaps owing to residual
fibrosis and lack of specifity [50]. Unfortunately, none of
these studies have reported data regarding comparison
between the actual tumor size obtained after surgical
resection and the estimated size by those methods.

Nevertheless, it is important to monitor tumor size
during treatment to exclude disease progression. In this
case, it should be taken into account that ultrasound is
considered to be more accurate than mammography, at
least in assessing tumor size in breasts with high density
[51]. For those tumors showing no clear resolution, a
magnetic resonance imaging could be an alternative, as it
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substantially improves the prediction of pathologic tumor
response to preoperative treatments [52].

One concern with neoadjuvant endocrine therapy is the
low rate of pCRs obtained. In fact, the majority of the
studies have not reported these data in their publications,
probably because no pCRs were achieved in most of
them. In the P024 trial [23], the pCR rates observed in
both breast and axilla were 0.59% for tamoxifen and
0.65% for letrozole. In the randomized trial that
compared tamoxifen with exemestane [26], the pCR rate
was 2.7% for tamoxifen and 2.6% for exemestane,
although it is not known if these were assessed only in
the breast or in both the breast and the axilla. It is true
that neoadjuvant chemotherapy also results in lower rates
of pCR in ER-positive [41,53] rather than in ER-negative
patients, but they are not as low as those seen with
endocrine therapies. One reason may be that the
difference between the antitumor mechanisms of che-
motherapy (cytotoxic) and endocrine therapy (antiproli-
ferative) may have an effect on the type of response. It is
also possible that a more appropriate selection of patients,
with a tumor genetic profile that is more sensitive to the
endocrine treatment, or the administration of longer
neoadjuvant endocrine treatments, would result in
improved rates of pCRs. Whatever the reason is, it does
not seem that pCR rate is an important efficacy endpoint
in neoadjuvant endocrine trials to date owing to the low
rates achieved.

Lastly, it has been mentioned that clinical immunohis-
tochemical markers and gene expression profiles may
predict response to neoadjuvant systemic therapies [20].
In the case of endocrine therapies, as already discussed,
those ER-positive tumors in which the Allred scored is
6 or higher are most likely to respond to whichever
endocrine agent is administered [24,26,39,40]. The
subset of patients with ER-positive disease who also
express epidermal growth factor receptor 1(ErbB-1) and/
or ErbB-2 also seems to respond better to aromatase
inhibitors than to tamoxifen [24,54,55]. Another inter-
esting histological marker may be invasive lobular
carcinoma which, although it seems to respond less well
than invasive ductal carcinomas to neoadjuvant therapy,
may have better long-term outcomes [56].

One of the biological markers that has been most
intensively studied is the tumor expression of Ki67, a
nuclear proliferation marker, which seems to show the
most promising ability to predict not only response but
also other long-term outcomes used in the adjuvant
setting [54,57]. Interestingly, associations between
changes in Ki67 and HRs were noted in the IMPACT
trial, independently of the endocrine agent used (tamox-
ifen, anastrozole, or the combination of both). A positive
relationship between ER level and Ki67 suppression was
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observed, as well as a greater reduction in Ki67 expression
in progesterone receptor (PR)-positive compared with PR-
negative tumors [58]. On the other hand, while higher
baseline Ki67 expression was not related to outcome,
higher Ki67 expression after 2 weeks of endocrine therapy
was significantly associated with lower 5-year recurrence-
free survival [57]. This finding indicates that for long-term
outcome prediction, an overall low level of Ki67 expression
in response to the endocrine treatment, rather than the
percentage change of expression from baseline levels, is
more relevant. Moreover, absolute values of Ki67 after 2
weeks of treatment were significantly lower with anastro-
zole than with tamoxifen or with the combination, which
correlated with improved outcomes in the anastrozole-
treated patients. This means that Ki67 level in biopsy
samples taken 2 weeks after treatment may be used to
evaluate tumor responses to therapy, even if Ki67 levels
were not assayed before treatment.

Gene expression profiling has been shown to predict
prognosis of breast cancer as well as responses to
particular chemotherapy regimens. The detection of a
large number of genes in the tumor samples is achieved
using DNA microarrays. A multigene assay for prediction
of prognosis after adjuvant tamoxifen therapy is commer-
cially available, although it is restricted to tamoxifen-
treated patients with node-negative, ER-positive breast
cancer [59]. Breast cancer subtypes have been differ-
entiated according to their specific gene expression
patterns. The main subtypes are luminal A, luminal B,
basal-like, normal-like, and human epidermal growth
factor receptor-2 [60-62]. Luminal A tumors have higher
expression of ER-related genes and lower expression of
proliferative genes and, consequently, are indicated for
endocrine therapy; whereas luminal B tumors are more
proliferative, and patients with this type of tumor may
benefit from chemotherapy in combination with endo-
crine therapy [61]. The specific responses of these breast
cancer subtypes have been investigated but results have
been disappointing. Luminal tumors had a low pCR rate
(6%) following neoadjuvant paclitaxel and doxorubicin-
containing chemotherapy [62]. Following doxorubicin
neoadjuvant chemotherapy, tumors of the luminal A
subtype showed low frequency of progressive disease,
whereas luminal B subtype tumors showed high fre-
quency of progressive disease, but otherwise no other
consistent associations between response to chemother-
apy and tumor subtype have been observed [63]. It will
be of great interest to include patients with luminal
breast cancer subtypes, especially luminal A subtype, in
neoadjuvant endocrine therapy clinical trials, to deter-
mine if this patient population would respond more
effectively to endocrine treatments.

In summary, the primary clinical indication for neoadju-
vant endocrine therapy remains the downstaging of large

tumors to avoid mastectomy and to increase operability.
Therefore, BCS rate should be one of the main efficacy
endpoints of those clinical trials that assess endocrine
therapy in the neoadjuvant setting. In addition, tumor
response should be evaluated alongside the treatment, at
least to exclude disease progression. Different clinical
and radiological techniques to assess tumor response
should be used to ensure accurate assessments. Despite
the key role that pCR plays in neoadjuvant chemotherapy
trials, it does not seem to play the same role in
neoadjuvant endocrine therapy studies. Other surrogate
biological markers of response for neoadjuvant endocrine
trials are needed that are able to predict long-term
outcomes. Finally, further research is needed to under-
stand better all those potential predictive markers that
will help to identify patients who will benefit the most
from neoadjuvant endocrine therapy.

Which complementary treatments should be
administered after neoadjuvant endocrine therapy?

It has been well established in the aforementioned trials
that the optimal management of postmenopausal ER-
positive breast cancer patients should include surgery if it
is not contraindicated, and in fit elderly patients for
whom life expectancy is longer than 24 months [28-33].
Although the rate of BCS procedures will be increased
with neoadjuvant endocrine therapy, not all treated
patients will be candidates for this procedure. In fact,
the selection criteria for BCS after neoadjuvant endocrine
therapy should be similar to those used after neoadjuvant
chemotherapy [20]. The M.D. Anderson Prognostic
Index (MDAPI) has recently been developed, which
may help in the clinical decision-making process to select
the most appropriate surgical procedure for the patient as
well as other treatment strategies in a multimodality
approach [64]. To date, it is known that there is an
increased risk of locoregional and/or ipsalateral breast
tumor recurrence in those patients with advanced nodal
involvement at diagnosis, residual tumor larger than 2 cm,
multifocal residual disease, and/or lymphovascular space
invasion [64,65]. This fact should be taken into account
when deciding upon the convenience of additional
locoregional treatments such as radiotherapy.

One of the major advantages of neoadjuvant therapy is
that it gives information about the tumor that can be
used to individualize adjuvant treatment after surgery.
Although this fact has been further exploited with
neoadjuvant chemotherapy [66,67], this has not been
the case for neoadjuvant endocrine therapy. In the P024
trial [23], the adjuvant treatment to be administered
after surgery was at the discretion of the investigators. In
the IMPACT trial [24], the same endocrine agent
(tamoxifen or anastrozole) given as neoadjuvant treat-
ment was to be continued in the adjuvant setting for a
total of 5 years. In those patients who received the
combination of both (tamoxifen and anastrozole), the
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choice of switching to either tamoxifen or anastrozole was
offered to them. Also, patients who had BCS and/or
involved axillary lymph nodes after mastectomy received
radiotherapy and patients younger than 70 years of age
with high-risk disease were offered adjuvant chemother-
apy. In the PROACT study [25], concomitant chemother-
apy in the neoadjuvant and the adjuvant setting was
permitted, and the same endocrine agent was taken by
the patient for 5 years after surgery. No information
regarding the other two randomized trials is available as
they have been reported only in abstract form [26,40].

In spite of the lack of data on this regard, it should be
taken into account that the Early Breast Cancer Trialists’
Collaborative Group [4] has clearly established that
patients with HR-positive tumors should receive endo-
crine therapy after surgery; and that it seems logical that
those patients who have responded to a previous
endocrine agent in the neoadjuvant setting should remain
with the same hormone for 5 years after surgery. For those
patients for whom there was no response, a change in the
endocrine agent or even the administration of adjuvant
chemotherapy may be of value.

Conclusion and future directions

Neoadjuvant endocrine therapy is active in patients with
HR-positive breast cancer, and has a significantly higher
efficacy in tumors with elevated expression of ERs.
Third-generation aromatase inhibitors have been proven
to be superior to tamoxifen in the neoadjuvant setting of
postmenopausal women with breast cancer. Clinical trials
administering neoadjuvant aromatase inhibitor therapies
in postmenopausal women with hormone-sensitive large
operable breast tumors have resulted in increased rates
both of BCS and mastectomies in previously inoperable
locally advanced tumors. Within ER-positive patients,
very high levels of ER predict better response rate to
endocrine therapy. Aromatase inhibitors have been shown
to induce response with lower levels of ER, whereas
tamoxifen does not [39]. Additionally, neoadjuvant
endocrine therapy is the standard of care for patients
with hormonosensitive tumors and comorbid conditions
that make them too frail for surgery and/or chemotherapy,
a situation that occurs often but not exclusively in elderly
patients [38].

Neoadjuvant endocrine therapy for breast cancer is just
emerging and a number of questions remain to be
resolved in ongoing or future clinical trials. Some of the
key questions include the optimal duration of treatment,
which according to current literature is between 6 and 12
months, whether the patient is responding, and whether
there is a possibility of carrying out more conservative
surgery of the breast. Other questions include the best
way to assess response and the efficacy endpoints of
neoadjuvant endocrine therapy trials. In our opinion, the
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rate of BCS achieved should be one of the most important
endpoints, along with response rate, measured accurately
with clinical and radiological techniques. Complementary
local and systemic treatments such as surgery, chemo-
therapy, and radiotherapy should be administered after
neoadjuvant endocrine therapies taking into account the
criteria developed for neoadjuvant chemotherapy [64].
Although there is a lack of data from randomized trials, it
seems logical in responding patients to keep the same
endocrine agent for 5 years in the adjuvant setting; and to
change it in nonresponding patients.

Regarding future directions of research, there is a high
expectation of being able to discern which of the three
main aromatase inhibitors (exemestane, letrozole, and
anastrozole) offers a better efficacy profile in the
neoadjuvant treatment of breast cancer, and it is expected
that this question will shortly be clarified with the results
of the American College of Surgeons Oncology Group
71031 trial. Other current clinical trials of neoadjuvant
endocrine therapy are evaluating the role of clinical
immunohistochemical markers and gene expression
before and after endocrine therapy, and it will be
interesting to see whether they may predict not only
response rate but also long-term outcomes.

It will be of interest as well to determine the efficacy of
other treatments in combination with neoadjuvant
endocrine therapy, such as chemotherapy or biologic
agents targeting vascular endothelial growth factor or
blocking ErbB-2 receptor. In addition, there are other
factors that need to be considered in neoadjuvant
endocrine therapy such as the treatment of premenopau-
sal women with HR-positive breast cancer who require
additional ovarian suppression with luteinizing hormone-
releasing hormone agonists.

Another antiestrogen agent, fulvestrant, is presently
being evaluated in the neoadjuvant setting in a large
European Organization for Research and Treatment of
Cancer randomized trial. It does not have the partial
agonist effects of tamoxifen [68] and has proven efficacy
in tamoxifen-resistant disease and aromatase inhibitor-
resistant disease [69,70].

Finally, additional studies in selected groups of patients
are needed to confirm the use of neoadjuvant endocrine
therapy as a possible alternative to chemotherapy in
routine practice.
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