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Abstract: The demonstrated efficacy of pharmacologic anti-
estrogen therapy in treating hormone receptor—positive breast
cancer has changed the landscape of treatment for the majority
of women with metastatic disease, providing them with a well-
tolerated therapeutic alternative to surgical oophorectomy and
chemotherapy. A multitude of clinical trials have evaluated the
various endocrine agents alone or in combination. Studies have
established ovarian suppression as key for the management of
premenopausal metastatic breast cancer patients, and aromatase
inhibitor therapy as first-line treatment for their postmenopausal
counterparts. Fulvestrant (Faslodex, AstraZeneca) has also been
found to be efficacious and has been studied in the first-line and
second-line settings. De novo and acquired endocrine therapy
resistance represent a major challenge to the ongoing treatment
of patients with hormone receptor—positive disease; strategies to
circumvent or delay resistance, including the use of combination
endocrine therapy and endocrine therapy with agents targeting
various growth-factor signaling pathways, represent an active area
of investigation. This review provides a summary of the various
landmark trials that have established our current standards of prac-
tice in the management of patients with hormone receptor—posi-
tive metastatic breast cancer. A discussion of future directions and
ongoing studies is also provided.

Introduction

Approximately 75% of metastatic breast cancers (MBCs) are posi-
tive for expression of the estrogen and/or progesterone receptors.' As
MBC remains largely incurable, goals of therapy include symptom
palliation and prolongation of survival. To this end, consideration
of quality of life and long-term tolerability of the treatments is
essential. Endocrine therapy represents a well-tolerated and effective
treatment option for these patients and is generally utilized in the
first-line setting for hormone receptor—positive (HR+) MBC unless
tumor burden warrants consideration of more rapidly acting cyto-
toxic agents.” Historically, the use of oophorectomy as a treatment
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for breast cancer paved the way for development of early
pharmacologic antiestrogens. The oral selective estrogen
receptor modulators (SERMs), tamoxifen, toremifene
(Fareston, ProStrakan) and raloxifene (Evista, Lilly), dem-
onstrate tissue-specific estrogen antagonism or agonism;
their activity in breast cancer is attributed to estrogen
receptor antagonism in breast tissue. The progestin meges-
trol acetate (Megace, Bristol-Myers Squibb) is thought to
act by downregulating and/or inhibiting the synthesis of
estrogen receptors, and having a direct cytotoxic effect on
breast cancer cells.® After comparison between tamoxifen
and megestrol acetate demonstrated similar efficacy but
a more favorable side effect profile with tamoxifen,*’
SERMs became the standard endocrine therapy for HR+
MBC. Because of notable toxicity, particularly weight
gain, megestrol acetate remains a fourth-line treatment
option. It is generally used after disease progression on
aromatase inhibitors, SERMs, and selective estrogen
receptor downregulators.

Theadventof other endocrine therapies hasbroadened
the antiestrogen armamentarium. Ovarian suppression
can be achieved by subcutaneous injections of leuprolide
or goserelin, which provide nonpulsatile (nonphysiologic)
stimulation of gonadotropin-releasing hormone (GnRH)
receptors in the pituitary gland. These GnRH agonists
ultimately result in downregulation of estrogen produc-
tion. Aromatase inhibitors (Als) function by inhibition
of the enzyme responsible for conversion of androgens
to estrogens. Aminoglutethimide, a first-generation Al,
demonstrated efficacy, but rash, cytopenias, and the need
for concomitant hydrocortisone®” limited its utility. After
demonstrating superiority to megestrol acetate and subse-
812 third-generation Als became the
standard of care for treatment of postmenopausal women
with HR+ MBC. Letrozole (Femara, Novartis) and anas-
trozole (Arimidex, AstraZeneca) are nonsteroidal Als that
reversibly and competitively bind aromatase, whereas

quently to tamoxifen,

exemestane, a steroidal Al, irreversibly deactivates the
enzyme. Finally, fulvestrant is an intramuscular, selective
estrogen receptor downregulator that results in estrogen
receptor degradation."

A significant body of research has examined optimal
agents, sequences, and combinations to be utilized in the
management of HR+ MBC. In addition, de novo and
acquired resistance to endocrine therapy have been the
focus of recent investigation. The present review serves to
summarize current recommendations with regard to endo-
crine therapy in advanced breast cancer (ABC, including
metastatic and locally advanced unresectable disease) as well
as the scientific rationale behind these recommendations;
particular attention will be focused on more recent studies
of combination antiestrogen therapy as well as endocrine
therapy in combination with targeted agents.

ENDOCRINE THERAPY FOR BREAST CANCER

Premenopausal Patients

Endocrine therapy for premenopausal patients requires
antagonism of high levels of circulating estrogens.
Pharmacologic castration using GnRH (luteinizing hor-
mone-releasing hormone [LHRH]) nonpulsatile agonists
demonstrated clinical benefit in HR+ MBC similar to
that of oophorectomy but without necessitating sur-
gery."*> Subsequently, ovarian suppression was studied in
combination with tamoxifen to induce maximal estrogen
blockade.'*" Early trials suggested a benefit of combi-
nation ovarian ablation and tamoxifen,'®' leading to a
randomized phase 3 study to confirm these findings. A
3-arm, randomized, prospective European Organisation
for Research and Treatment of Cancer (EORTC) study
evaluated 161 premenopausal patients with ABC treated
with buserelin, tamoxifen, or both and confirmed that
combined treatment demonstrated improved response
rate, progression-free survival (PES), and overall survival
(OS).8 (See the table for an overview of trials.) In a 2001
meta-analysis' including the above 3 studies and more
than 500 patients, maximal estrogen blockade with the
combination of tamoxifen and an LHRH agonist resulted
in improved OS, PES, and objective response rate (ORR)
compared with ovarian suppression alone.

After the above findings provided evidence for the
use of tamoxifen with ovarian suppression in premeno-
pausal women with ABC, and Als demonstrated efficacy
in postmenopausal women, the combination of goserelin
and anastrozole was evaluated. Based on multiple clini-
cal trials demonstrating efficacy of ovarian suppression
with an AI**?' or with fulvestrant,?? the National Com-
prehensive Cancer Network currently recommends that
in premenopausal women with MBC without previous
exposure to an antiestrogen, initial treatment may be with
an antiestrogen alone, or ovarian suppression or ablation
plus endocrine therapy. In premenopausal women with
recurrent disease within 1 year of antiestrogen exposure,
surgical, radiotherapeutic, or pharmacologic ovarian sup-
pression is recommended with oral antiestrogen therapy.

Al Therapy in Postmenopausal Patients

In postmenopausal women, as in premenopausal women,
tamoxifen remained for some time the first-line endo-
crine therapy option; third-generation Als were initially
approved in the second-line MBC setting, after progres-
sion while taking tamoxifen. However, in 2000 two
studies compared anastrozole vs tamoxifen as first-line
treatment of postmenopausal women with advanced
disease, with practice-changing results.*!** In the North
American study,'” 353 postmenopausal women with
estrogen receptor—positive (ER+) (89%) or estrogen

Clinical Advances in Hematology & Oncology Volume 12, Issue 4 April 2014 215



SHAH AND DICKLER

receptor—unknown (11%) status who had received no
prior therapy for MBC were randomly assigned to receive
tamoxifen or anastrozole. Primary endpoints were time to
progression (TTP), objective response (OR), and toler-
ability. Median TTP was 11.1 months for patients in the
Al group and 5.6 months for patients in the tamoxifen
group (hazard ratio [HR] for progression, 1.44; lower
limit of 95% CI, 1.16; P=.005). Anastrozole was at least
as effective as tamoxifen in terms of OR, and both treat-
ments were relatively well tolerated. Clinical benefit rate
(CBR, including complete response, partial response, and
stable disease) was 59% with anastrozole and 46% with
tamoxifen (P=.0098). A larger but similarly designed and
simultaneously published trial, the TARGET (Tamoxifen
or Arimidex Randomized Group Efficacy and Tolerability)
study,® confirmed these findings. Six hundred sixty-eight
patients received anastrozole or tamoxifen. After a median
of 19 months of follow-up, anastrozole was equivalent to
tamoxifen in terms of the primary endpoints—median
TTP, ORR, and tolerabilicy—with a lower incidence of
thromboembolic events and vaginal bleeding. Findings
from both the North American study and the TARGET
study reinforced the role of anastrozole as first-line therapy
for postmenopausal women with ABC.?

The other Als have also been compared with tamoxi-
fen. Letrozole was compared with tamoxifen as first-line
treatment for postmenopausal women with HR+ breast
cancer.” Nine hundred seven evaluable patients were
randomly assigned to receive either the Al or the SERM.
Letrozole conferred a prolonged TTP (9.4 months vs 6.0
months; P<.0001) and ORR (32% vs 21%, odds ratio,
1.78; P=.0002). Three hundred seventy-one patients
were enrolled in a phase 3 trial comparing exemestane
vs tamoxifen as first-line treatment for MBC*; ORR
was greater with exemestane than with tamoxifen (46%
vs 31%; odds ratio, 1.85 [95% CI, 1.21-2.82]; P=.005).
However, no longer-term benefit was seen in PFS, and
no OS difference was seen. These 2 studies,”** as well as a
2006 meta-analysis that demonstrated an OS benefit with
an AL” support the use of third-generation Als in the
first-line treatment of ABC.

Bertelli and colleagues addressed the issue of cross-resis-
tance between steroidal and nonsteroidal Als. Additional
Al therapy after prior disease progression (exemestane after
progression with a nonsteroidal Al, or a nonsteroidal Al
after progression with exemestane) demonstrated efficacy,
indicating partial non—cross-resistance between steroidal
and nonsteroidal Als. Optimal sequencing remains unclear.

Fulvestrant

Fulvestrant is a “pure” estrogen antagonist with a mecha-
nism of action distinct from that of the Als, as it results

in estrogen receptor degradation. Two parallel phase
3 trials compared fulvestrant with anastrozole in previ-
ously endocrine-treated ABC patients, the vast majority
of whom had previously received tamoxifen.””* Howell
and colleagues in the United Kingdom randomly assigned
451 patients with prior sensitivity to hormonal therapy or
HR+ ABC to receive fulvestrant 250 mg (no loading dose)
or anastrozole.”” The primary endpoint was TTP. After
a median follow-up of 14.4 months, fulvestrant was as
effective as anastrozole, with a median TTP of 5.5 months
vs 5.1 months, respectively, and no statistically significant
differences in CBR or ORR. Interestingly, response dura-
tion was significantly longer in the fulvestrant group. In
a North American phase 3 study,”® 400 postmenopausal
women were treated in the second-line setting with either
fulvestrant or anastrozole. After a median 16.8 months of
follow-up, the 2 groups were similar in terms of the pri-
mary endpoint of TTD, as well as time to treatment failure,
OR, and CBR. Again, median duration of response was
significantly greater with fulvestrant than with anastrozole
(12.9 months vs 10.9 months). Both of the above study
protocols specified that OS would be analyzed when more
than 50% of the patients died; therefore, no formal statis-
tical analyses were conducted in either study. A prospec-
tive combined analysis of these 2 studies” noted that the
vast majority of patients (96% in the fulvestrant group
and 97% in the anastrozole group) had been previously
treated with tamoxifen, and concurred with the conclu-
sion that fulvestrant is at least as effective as anastrozole in
the second-line treatment of HR+ ABC. Of note, the dose
of fulvestrant used in these studies (250 mg monthly) was
less than the current standard dose (500 mg monthly,
with biweekly loading dose in the first month).

In the EFECT (Evaluation of Faslodex Versus Exemes-
tane Clinical Trial) trial, fulvestrant was compared with
exemestane in postmenopausal patients with HR+ breast
cancer whose disease had recurred or progressed after prior
treatment with a nonsteroidal AL* In this phase 3 trial,
693 women were randomly assigned to receive either ful-
vestrant or exemestane. Both agents demonstrated efficacy
after the use of a nonsteroidal Al, with a CBR of 32.2%
with fulvestrant and 31.5% with exemestane. Efficacy
in terms of TTP (primary endpoint), ORR, CBR, and
median duration of clinical benefit was similar, and toler-
ability was favorable with both agents. This protocol speci-
fied that time to death (OS) was to be analyzed when more
than 50% of the patients had died across both treatment
groups. At the time of data analysis, this point was not
reached so no formal statistical analyses were conducted.
As in prior studies, the dose of fulvestrant studied was
less than the current standard dose. In addition, although
hormone receptor positivity was an inclusion criterion
for this study, the majority of women relapsed within 6
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Table. Key Clinical Trials Involving Endocrine Therapy in Advanced or Metastatic Breast Cancer

Study | Significance

Design
Premenopausal
Klijn,' 2000 Phase 3 | Tamoxifen in combination with buserelin demonstrated improved PFS, ORR, and OS
(EORTC) compared with either agent alone.

Postmenopausal, first-line setting

Bonneterre,® 2000 | Phase 3 | Anastrozole demonstrated equivalence to tamoxifen in terms of median TTE ORR, and tolerability,

(TARGET) with a lower incidence of thromboembolic events and vaginal bleeding.

Nabholtz,' 2000 | Phase 3 | Anastrozole demonstrated significantly longer TTP and a better CBR than tamoxifen, and was
at least equivalent in terms of OR.

Mouridsen,” 2003 | Phase 3 | Letrozole conferred a prolonged TTP and superior ORR compared with tamoxifen.

Paridaens, 2008 Phase 3 | Exemestane conferred a greater ORR than tamoxifen, with no significant difference in PFS or OS.

(EORTC)

Fulvestrant, first-line setting

Robertson,” 2009 | Phase 2 | Standard-dose fulvestrant (500 mg/mo + 500 mg in month 1, day 14) compared with anas-

(FIRST) trozole provided a similar CBR and ORR. TTP was significantly longer with fulvestrant, and
duration of response numerically favored fulvestrant.

NCT01602380 Phase 3 | Fulvestrant vs anastrozole in an endocrine therapy—naive population; ongoing.

(FALCON)

Fulvestrant, second-line setting

Howell,” 2002 Phase 3 | In a population heavily pretreated with tamoxifen, fulvestrant (250 mg, no loading dose) was as
effective as anastrozole in terms of TTP, CBR, and ORR, with longer response duration in the
fulvestrant group.

Osborne,?® 2002 Phase 3 | In a population heavily pretreated with tamoxifen, fulvestrant and anastrozole conferred similar
TTP time to treatment failure, OR, and CBR, and fulvestrant conferred a longer duration of
response.

Chia,* 2008 Phase 3 | After progression on a nonsteroidal Al, fulvestrant and exemestane both demonstrated efficacy,

(EFECT) with similar TTP, ORR, CBR, and median duration of benefit, as well as favorable tolerability.

Fulvestrant, optimal dose

Di Leo,* 2010
(CONFIRM)

Phase 3

Low-dose (250 mg/mo) and high-dose (500 mg/mo + 500 mg in month 1, day 14) fulvestrant were
compared, with longer PES in the higher-dose group and no difference in tolerability. Established
current dose of fulvestrant as 500 mg/mo + 500 mg on day 14.

Combination endocrine therapy, first-line setting

Bergh,® 2012 Phase 3 | Anastrozole plus fulvestrant (250 mg/mo) was compared with anastrozole alone in patients who

(FACT) had received prior endocrine therapy in the adjuvant setting, treated at first relapse. There were
no significant differences in TTP, OR, time to treatment failure, duration of response, CBR, or
OS. More patients discontinued therapy owing to adverse effects in the combination group.

Mehta,* 2012 Phase 3 | Anastrozole plus fulvestrant (500 mg on month 1, day 15 250 mg on day 14; 250 mg/mo

(SWOG S0226) thereafter) was compared with anastrozole alone in the first-line setting. Allowed for fulvestrant
dose adjustment to 500 mg after CONFIRM study data were reported. Allowed for crossover
from anastrozole-only to fulvestrant at progression. Median PES was 1.5 months longer in the
combination group, with better 6-month OS survival and similar toxicity.

Goss,** 2007 Phase 3 | Letrozole was compared with atamestane in combination with toremifene in a largely treatment-

naive population. TTP, time to treatment failure, OR, and tolerability were similar in the 2 groups.

(continued on page 218)
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Table. Key Clinical Trials Involving Endocrine Therapy in Advanced or Metastatic Breast Cancer (continued)

Combination endocrine therapy, second-line setting

Johnston,*® 2013 Phase 3 | Patients who progressed with nonsteroidal Al therapy were randomly assigned to receive

(SOFEA) fulvestrant plus anastrozole, fulvestrant plus placebo, or exemestane. All regimens had efficacy,
and there were no statistically significant differences in PFS.

Endocrine therapy with HER2-directed therapy

Kaufman,* 2009 Phase 3 | Trastuzumab with anastrozole conferred significantly improved PFS, TTE CBR, and ORR compared

(TANDEM) with anastrozole alone in women with HR+, HER2+ MBC treated in the first-line setting.

Johnston,*! 2009 Phase 3 | In women with HR+, HER2+ MBC, lapatinib with letrozole conferred significantly improved
PFS compared with letrozole alone, although with grades 3 to 4 diarrhea.

Endocrine therapy with PI3K/Akt/mTOR inhibition, first-line setting

Wolff, 2013 Phase 3 | In an Al-naive population, letrozole plus oral temsirolimus was compared with letrozole alone.

(HORIZON) Toxicity was more frequent in the combination arm, and the study was stopped prior to reach-
ing its primary endpoint of PES.

Endocrine therapy with PI3K/Akt/mTOR inhibition, second-line setting

Baselga,2 2012 Phase 3 | After progression on a nonsteroidal Al, exemestane and everolimus conferred significant

(BOLERO-2) improvement in PFS and response rate compared with exemestane alone, although with notable
toxicity in the combination arm.

Bachelot,”? 2012 Phase 2 | After progression following Al therapy, tamoxifen plus everolimus conferred an improved CBR

(TAMRAD) and TTP compared with tamoxifen alone, although with notable toxicity in the combination arm.

Endocrine therapy with antiangiogenic agents, first-line setting

Martin,® 2012 Phase 3 | Patients were randomly assigned to receive endocrine therapy (letrozole or fulvestrant) alone or

(LEA) with bevacizumab. There was no statistically significant improvement in PES with bevacizumab,
but there was increased toxicity.

NCT00601900 Phase 3 | Tamoxifen or letrozole with or without bevacizumab; ongoing.

(CALGB 40503)

Al aromatase inhibitor; CBR, clinical benefit rate; HR+, hormone receptor—positive; HER2+, human epidermal growth factor receptor 2 positive; MBC, metastatic

breast cancer; OR, objective response; ORR, ()hjccri\'e response rate; OS, overall survival; PFS, pr()gression—ﬁcc survival; TTP, time to progression.

months of initiation of endocrine therapy, suggesting that
many patients enrolled in this trial in fact had hormone-
insensitive disease, potentially decreasing the power of the
study and masking true therapeutic benefit in the relevant
population. Given these data, either exemestane or fulves-
trant has efficacy after progression on a nonsteroidal AL

Fulvestrant has more recently been compared with
anastrozole for use in the first-line setting for MBC. In the
phase 2, randomized, FIRST (Fulvestrant First-Line Study
Comparing Endocrine Treatments) study,® fulvestrant (cur-
rent standard dose, 500 mg/mo + 500 mg on day 14 of
month 1) was compared with anastrozole in postmenopausal
patients with HR+ ABC. The primary eflicacy endpoint,
CBR, and ORR were similar for both study groups. TTP
was significantly longer with fulvestrant than with anastro-
zole, and duration of OR numerically favored fulvestrant. A
phase 3 study (FALCON [Fulvestrant and Anastrozole Com-
pared in Hormonal Therapy Naive Advanced Breast Cancer];
NCT01602380) evaluating fulvestrant vs anastrozole in an
endocrine therapy—naive population is ongoing.
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The phase 3 CONFIRM (Comparison of Faslodex in
Recurrent or Metastatic Breast Cancer) study™ established
500 mg as the standard dose of fulvestrant. In this trial,
more than 700 patients with ER+ disease whose disease had
progressed with prior endocrine therapy were randomized
to receive either fulvestrant 250 mg monthly or fulvestrant
500 mg monthly with an additional 500 mg loading dose
on day 14 of month 1. Significantly longer PFS was noted
in the higher-dose group (HR, 0.80 [95% CI, 0.68-0.94];
P=.006), and there was no difference in tolerability.

Combination Endocrine Therapy

The studies above demonstrate the efficacy of pharmaco-
logic endocrine therapy in treating MBC; however, clinical
experience shows that HR+ tumors eventually grow despite
tamoxifen, fulvestrant, and the Als. This observed resistance
to endocrine therapy prompted investigation into strategies
to prolong responses and evade or delay treatment resis-
tance. In the phase 3, randomized, FACT (Fulvestrant and
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Anastrozole Combination Therapy) trial,*® 514 women
received anastrozole plus fulvestrant 250 mg monthly or
anastrozole alone. Approximately two-thirds of women
had received adjuvant endocrine therapy, though as this
trial was largely conducted prior to approval of adjuvant Al
use in the recruiting countries, only 8 women had received
Als. Women were treated at first relapse following primary
treatment of localized disease.

With a median follow-up of 8.9 months, the primary
endpoint of TTP was not statistically different between
groups (10.8 months with the combination vs 10.2
months with the single agent). There were no significant
differences in ORR, time to treatment failure, duration
of response, CBR, or OS. More patients in the combina-
tion arm, 6.3%, discontinued treatment owing to adverse
effects, compared with 3.1% in the anastrozole-only arm.
The authors concluded that combination therapy offered
no value over anastrozole monotherapy.

Mehta and colleagues of the Southwest Oncology
Group (SWOG) Cooperative Group performed a simi-
lar phase 3 trial (SWOG $0226) in which 694 patients
with HR+ MBC were randomly assigned to receive either
anastrozole with fulvestrant (500 mg on day 1 of month
1, 250 mg on day 14, and 250 mg monthly thereafter) or
anastrozole alone in the first-line setting.** However, the
SWOG trial encouraged women in the anastrozole-only
arm to receive fulvestrant monotherapy after progres-
sion. In addition, after approval of fulvestrant 500 mg,
the SWOG protocol was amended to allow patients in
either group to receive the 500 mg dose after progression,
though the proportion of patients who received high-dose
fulvestrant is not clear. Median PFS, the primary endpoint
of this trial, was 13.5 months in the Al-alone group and
15.0 months in the combination therapy group (P=.007).
OS was significantly improved in the combination arm
(47.7 months vs 41.3 months; P=.049). Toxicity was
similar. The SWOG authors suggested that the OS dif-
ference indicated an increase in efficacy with combination
therapy vs sequential anastrozole and fulvestrant, not-
ing that 41% of patients in the anastrozole-alone group
crossed over to the fulvestrant-alone group (a population
of patients felt to have good-prognosis disease that did not
warrant immediate chemotherapy).

The reasons for disparate results from the FACT
and SWOG trials are not fully understood. Allowance of
crossover in the SWOG trial may have confounded OS
analysis, as the Al-alone arm used for survival analyses was
more accurately a mixed population. Furthermore, the
percentage of individuals from each group in the SWOG
trial who received low- vs high-dose fulvestrant is unclear.
Both the FACT and SWOG studies evaluated treatment
in the first-line setting. However, while 39% of patients
in the SWOG trial had MBC at initial presentation and

ENDOCRINE THERAPY FOR BREAST CANCER

therefore endocrine therapy—naive disease, approximately
two-thirds of patients in the FACT trial had received
prior adjuvant endocrine therapy for localized disease (the
vast majority were previously treated with tamoxifen); one
could thus argue that the FACT study population may
have been relatively more endocrine therapy—resistant
than the SWOG trial population. Finally, the question
of concurrent vs sequential use of these agents remains.
These 2 studies were evaluated in a recent meta-analysis
and the authors concluded that there is not solid evidence
that the addition of fulvestrant 250 mg monthly is better
than anastrozole alone.”

Goss and colleagues conducted a randomized phase
3 trial comparing single-agent letrozole with the com-
bination of atamestane, a steroidal Al, and toremifene,
a SERM.* The study population was 865 women with
HR+ ABC who completed adjuvant therapy more than
12 months prior to study entry, and had received no prior
endocrine therapy in the ABC or MBC setting. Approxi-
mately 80% of patients were treatment-naive with refer-
ence to both chemotherapy and endocrine therapy. No
significant differences were seen in TTT, time to treatment
failure, OR, tolerability, adverse events, or adherence.
Analogous to the ATAC (Arimidex, Tamoxifen, Alone
or in Combination) trial in the adjuvant setting,%” these
findings speak to the fact that no additional benefit has
been seen with the combination of an Al and a SERM as
compared with an Al alone.

Most recently, the phase 3 SOFEA (Fulvestrant With
or Without Anastrozole or Exemestane Alone in Treat-
ing Postmenopausal Women With Locally Advanced or
Metastatic Breast Cancer) trial evaluated more than 700
postmenopausal patients with HR+ breast cancer that
progressed with nonsteroidal Al therapy.®® Patients were
randomly assigned to receive either fulvestrant (500 mg
intramuscular injection on day 1, 250 mg on days 15 and
29, then 250 mg every 28 days) plus daily oral anastrozole;
or fulvestrant (same dosage) plus placebo; or daily oral
exemestane. The primary endpoint, PFS, was 4.4 months
in patients who received fulvestrant and anastrozole, 4.8
months in those who received fulvestrant and placebo,
and 3.4 months in those who received exemestane. There
were no statistically significant differences in PFS between
patients treated with fulvestrant plus anastrozole and those
treated with fulvestrant plus placebo (HR, 1.00 [95% CI,
0.83-1.21]; P=.98) or between those treated with ful-
vestrant plus placebo and those treated with exemestane
(HR, 0.95 [95% CI, 0.78-1.14]; P=.56). No difference in
OS was recorded between patients who received fulves-
trant plus anastrozole and those who received fulvestrant
plus placebo, or between those who received fulvestrant
plus placebo and those who received exemestane. Thus, in
patients whose disease progressed with nonsteroidal Als,
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fulvestrant 250 mg combined with a nonsteroidal Al was
not superior to either fulvestrant or exemestane alone.
Consistent with the EFECT trial results,” these findings
confirmed that either exemestane or fulvestrant alone is a
treatment option after progression with a nonsteroidal AL

Endocrine Therapy + HER2-Targeted Therapy

Crosstalk between hormone and growth factor signaling
pathways including the human epidermal growth factor
receptor 2 (HER2) pathway is implicated in endocrine
therapy resistance. After a phase 2 trial demonstrated that
trastuzumab (Herceptin, Genentech) and letrozole were
effective in combination for postmenopausal women with
HER?2 and hormone receptor—copositive MBC,* parallel
phase 3 trials evaluated combination therapy. !

In the TANDEM (Trastuzumab and Anastrozole
Directed Against ER-Positive HER2-Positive Mammary
Carcinoma) trial, 207 postmenopausal women with
HR+ and HER2+ MBC were randomly assigned to receive
trastuzumab plus anastrozole or anastrozole alone for
the first-line treatment of MBC. The primary endpoint,
PES, as well as TTE, CBR, and ORR, were significantly
improved with the combination as compared with anas-
trozole alone, with reversible toxicity. In addition, there
was a nonstatistically significant increase in median OS in
the trastuzumab plus anastrozole arm as compared with
anastrozole alone (34.1 months vs 28.6 months; P=.451).
However, median PFS—2.4 months in the anastrozole
arm and 4.8 months in the combination arm—swas shorter
than expected in both study groups. In the approximately
70% of patients in both arms with centrally confirmed
HR+ disease, the PES for the combination arm was 5.6
months vs 3.8 months in the Al-only group.

Johnston and colleagues® performed a phase 3
study using lapatinib (Tykerb, GlaxoSmithKline), a
dual tyrosine kinase inhibitor that targets HER2 as well
as epidermal growth factor receptor. The researchers
enrolled 1286 HR+ MBC patients in order to accrue
a population of HR+, HER2+ patients (n=219) to
address the primary hypothesis of this study. Patients
were treated in the first-line setting for MBC with either
letrozole alone or letrozole and lapatinib. This study also
demonstrated benefit from combination therapy in the
women with HER2 and hormone receptor—copositive
MBC. The primary endpoint, PFS, was 8.2 months in
the combination arm and 3.0 months with letrozole
alone, though no PFS improvement was seen for the
larger population of HER2-negative women included
in the study. The combination arm had significantly
more grade 3 or 4 diarrhea than did the letrozole-only
arm (10% vs 1%, P<.05). No differences in OS were
noted. Based on these studies, combination endocrine

and HER2-targeted therapies are approved for HER2+,
HR+ MBC, with the trastuzumab and anastrozole regi-
men more utilized owing to tolerability.

Inhibition of the PI3K/Akt/mTOR Pathway

In addition to combination endocrine therapy and target-
ing the HER2 pathway, an additional potential mecha-
nism of endocrine therapy resistance involves the phos-
phatidylinositol 3-kinase (PI3K)/Akt/mammalian target
of rapamycin (mTOR) pathway. Three recent randomized
trials evaluated hormonal therapy with pathway inhibi-
tors.”>* The BOLERO-2 (Breast Cancer Trial of Oral
Everolimus 2) study® was an international, multicenter,
phase 2, randomized trial in which 724 patients with
HR+, HER2-nonamplified ABC were randomly assigned
in a 2:1 ratio to receive either exemestane and everolimus
(Afinitor, Novartis) or exemestane alone (exemestane plus
placebo). All patients’ disease had recurred or progressed
while receiving previous therapy with a nonsteroidal Al in
the adjuvant setting and/or to treat advanced disease, and
many had received tamoxifen (48%), fulvestrant (16%),
or prior chemotherapy (68%). Eighty-four percent of
the patients had prior sensitivity to endocrine therapy.
Patients with prior treatment with exemestane or mTOR
inhibitors were excluded. The primary endpoint was PFS.

A preplanned interim analysis demonstrated an
investigator-assessed PES of 6.9 months with both agents
and 2.8 months with exemestane alone (HR for progres-
sion or death, 0.43 [95% CI, 0.35-0.54]; P<.001). Cen-
tral review observed a median PFS of 10.6 months for
the combination and 4.1 months for exemestane alone
(HR, 0.36 [95% CI, 0.27-0.47]; P<.001). Response rates
were 9.5% and 0.4% in the combination therapy and
exemestane-alone groups, respectively (P<.001). Of note,
the combination arm had more toxicity, including grade
3 toxicities of stomatitis (8% in the everolimus arm vs
1% in the placebo arm), anemia (6% vs <1%), dyspnea
(4% vs 1%), hyperglycemia (4% vs <1%), fatigue (4% vs
1%), and pneumonitis (3% vs 0%). Nineteen percent of
patients discontinued everolimus owing to adverse events,
whereas 4% of patients discontinued placebo.

The TAMRAD (Tamoxifen Plus Everolimus
[RADO001]) study® was a multicenter, open-label phase
2 trial in which 111 postmenopausal women with HR+,
HER2-negative MBC and relapse after stopping treat-
ment with an Al were assigned to receive tamoxifen plus
everolimus or tamoxifen alone. The primary endpoint
of 6-month CBR was 61% (95% CI, 47%-74%) with
tamoxifen plus everolimus and 42% (95% CI, 29-56) with
tamoxifen alone. TTP was longer with the combination
than with tamoxifen alone (8.6 months vs 4.5 months,

respectively; HR, 0.54 [95% CI, 0.36-0.81]). Response
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rates were similar. As in the BOLERO-2 trial, the combi-
nation arm had more toxicity and an accordingly higher
rate of treatment discontinuation owing to adverse effects.
Overall, the TAMRAD and BOLERO-2 trials support
the combination of the mTOR inhibitor everolimus with
endocrine therapy in previously endocrine-resistant dis-
ease, although they are indicative of everolimus toxicity
and decreased tolerability of this regimen.

In the HORIZON (Study Evaluating CCI-779
and Letrozole in Post-menopausal Women With Breast
Cancer) study, Wolff and colleagues studied letrozole, a
nonsteroidal Al, plus oral temsirolimus (Torisel, Wyeth)
as first-line endocrine therapy in postmenopausal women
with ABC.* In this phase 3 randomized trial, 1112
postmenopausal women with HR+ ABC were randomly
assigned to receive letrozole alone or letrozole with temsi-
rolimus. This study population was Al-naive; no patients
had received an Al as part of their treatment for ABC,
and patients were ineligible if prior adjuvant Al therapy
was administered within 12 months before the study.
The study was terminated early (median follow-up, 9.5
months; range, 0-27.2 months) after the Independent
Data Monitoring Committee concluded that the study
was unlikely to reach its primary endpoint of PFS. In addi-
tion, grades 3 and 4 treatment-emergent adverse events
were more common in the temsirolimus arm than in the
letrozole-only arm (37% vs 24%), and more patients in
the temsirolimus arm had a permanent dose reduction
owing to adverse effects than in the letrozole-alone arm.

Unlike BOLERO-2 and TAMRAD, the HORIZON
study showed no benefit in the primary endpoint of PFS,
nor in ORR or OS. Additionally, no PES benefit was seen
in the 40% of patients who had received prior adjuvant
endocrine therapy. However, an exploratory analysis
examining patients ages 65 years and younger demon-
strated improved PFS with the combination therapy (9.0
months vs 5.6 months; HR, 0.75 [95% CI, 0.60-0.93];
P=.009). The authors concluded that external confirma-
tion of this benefit seen in younger postmenopausal
patients is warranted. The authors also considered dosing
or administration of temsirolimus as a cause for poten-
tially decreased efficacy, noting that if toxicity was felt
to be a surrogate for pharmacodynamic effects, toxicity
of temsirolimus in the HORIZON trial was somewhat
lower than previously observed.

The disparate findings in BOLERO-2 and TAMRAD
as compared with HORIZON are likely in part attribut-
able to the characteristics of included patients. BOLERO-2
and TAMRAD included patients with endocrine-resistant
disease, whereas HORIZON included patients with largely
Al-naive disease. This observation is interesting in light of
the concept of adaptive upregulation of growth signaling

pathways, including the PI3K/Akt/mTOR pathway, in
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endocrine-resistant disease; the addition of mTOR path-
way inhibitors may be of particular benefit in patients for
whom upregulation of this pathway adaptively develops in
the setting of prior hormone therapy.

Endocrine Therapy and Inhibition of
Angiogenesis

After early indications that high vascular endothelial
growth factor (VEGF) levels in breast tumors are asso-
ciated with decreased endocrine therapy responsiveness,
Martin and colleagues conducted a phase 3 trial evaluating
the VEGF inhibitor bevacizumab (Avastin, Genentech)
with endocrine therapy in the first-line setting for post-
menopausal patients with HR+, HER2-negative ABC.*
In this study (the LEA study [Bevacizumab + Endocrine
Treatment vs Endocrine Treatment as First Line Treat-
ment in Postmenopausal Patients With Advanced or
Metastatic Breast Cancer]), 380 patients were randomly
assigned to receive endocrine therapy alone or in combi-
nation with bevacizumab. Of the patients, 342 received
endocrine therapy with letrozole and 38 with fulvestrant.
Results presented at the 2012 San Antonio Breast Can-
cer Symposium demonstrated no statistically significant
improvement in the primary endpoint, PFS, with bevaci-
zumab added to endocrine therapy (18.4 months vs 13.8
months; HR, 0.83; P=.14) and no significant difference
in OS with bevacizumab added to endocrine therapy (41
months vs 42 months; HR, 1.18; P=.469).“° However,
increased toxicity consistent with the known toxicity pro-
file of bevacizumab was seen. Results of a second phase
3, randomized trial of endocrine therapy (tamoxifen or
letrozole) with or without bevacizumab in patients with
ABC are also awaited (Cancer and Leukemia Group B
[CALGB] 40503; NCT00601900).

Conclusion and Future Directions

Endocrine therapy is the mainstay of therapy for women
with ER+ MBC, and affords patients an effective and well-
tolerated treatment option. Over the past 2 decades, signifi-
cant advances have been made in defining effective agents;
the optimal sequence of therapy after the second line remains
unclear, in part owing to developing standards of care, which
evolved while many critical phase 3 trials were ongoing.
More recently, efforts are being focused on understanding,
preventing, and evading treatment resistance.”’

ER-targeted therapy is being studied in combination
with agents that may inhibit mechanisms of endocrine
therapy resistance. PI3K activation has been noted to
and PI3K inhibi-
tors are undergoing active investigation. Two ongoing
phase 3 trials are examining BKM-120 (buparlisib), an

promote antiestrogen resistance,
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oral pan-PI3K inhibitor, vs placebo in combination
with fulvestrant in postmenopausal women with HR+,
HER2-negative metastatic breast cancer. BELLE-2
(NCT01610284) is studying this combination in MBC
that is refractory to aromatase inhibitor therapy, and
BELLE-3 (NCT01633060) is examining the combina-
tion in patients whose disease progressed on or after
mTOR inhibition. Other PI3K inhibitors, including
isoform-specific agents, are in earlier-phase trials. Cyclin-
dependent kinase 4/6 (CDK4/6) hyperactivation or
retinoblastoma (Rb) protein loss may result in cell-cycle
deregulation that confers antiestrogen resistance. Phase 2
data presented at the 2012 San Antonio Breast Cancer
Symposium reported that the addition of the CDK4/6
inhibitor PD-0332991 (PD-991) to letrozole conferred a
dramatic PFS improvement (26.1 months vs 7.5 months)
and was relatively well tolerated.®® Phase 3 studies are
under way. As treatment of HR+ cancers evolves, so does
the molecular landscape of the tumors themselves; new
mechanisms of endocrine therapy resistance emerge.
Continued efforts will be aimed at therapeutic exploita-
tion of promising targets in endocrine resistance.
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