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ABSTRACT

Fulvestrant is a selective estrogen receptor
degrader that binds, blocks and degrades the
estrogen receptor (ER), leading to complete
inhibition of estrogen signaling through the ER.
This review article further explains the mecha-
nism of action of the drug and goes on to review
the trials carried out to optimize its dosing.
Multiple trials have been undertaken to com-
pare fulvestrant with other endocrine treat-
ments, and results have shown it to have similar
efficacy to anastrozole, tamoxifen and exemes-
tane at 250 mg every 28 days. However, when
given at 500 mg every 28 days, with an extra
loading dose on day 14, it has demonstrated an
improved progression-free survival (PFS) com-
pared to anastrozole. We look at how fulves-
trant has been used in combination with CDK4/
6 inhibitors such as palbociclib (PALOMA-3)
and ribociclib (MONALEESA-3) and drugs tar-
geting the PI3K/AKT/mTOR pathway such as
pictilisib (FERGI) and buparlisib (BELLE-2 and
BELLE-3). We then go on to describe a selection

of the ongoing clinical trials looking at combi-
nation therapy involving fulvestrant. Finally,
we review the effect of fulvestrant in patients
who have developed resistance to aromatase
inhibitors via ESR1 mutation, where it has been
shown to offer a PFS benefit that is further
improved by the addition of the CDK4/6 inhi-
bitor palbociclib. Whilst fulvestrant is clearly an
effective drug as monotherapy, we believe that
its role in the treatment of ER-positive breast
cancer may be best reserved for combination
therapy, and whilst there are multiple trials
currently in progress, it would appear that the
combination with CDK4/6 inhibitors would
offer the greatest promise in terms of balancing
benefit with toxicity.
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Fulvestrant; Hormone receptor-positive

INTRODUCTION

Breast cancer has the highest incidence of any
cancer in the world, with 1.7 million new cases
recorded in 2012, accounting for 12% of all new
cancer diagnoses. It is also the fifth highest
cause of cancer death, with 521,827 deaths
worldwide in 2012 (Cancer Research UK).

Approximately 80% of breast cancers express
the estrogen receptor (ER), with their survival
and proliferation driven by estrogen acting as
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the ligand and binding to the estrogen receptor,
which is then translocated to the cancer cell
nucleus. This in turn initiates a signaling cas-
cade, resulting in the propagation of breast
cancer cells. The ER is a nuclear receptor.
Transcriptional activity is regulated by two
activating functional domains: AF1 and AF2.
The former, located in the N-terminal domain,
acts independently of estrogen, becoming acti-
vated through phosphorylation. The latter,
however, located in the ligand-binding domain,
requires the presence of estrogen for activation
[1].

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

Mechanism of Action

Tamoxifen and fulvestrant are both anti-estro-
gens that counteract the effects of estrogen by
binding directly to the ER, thereby working as
an antagonist. Tamoxifen is a selective estrogen
receptor modulator (SERM) that blocks E2-me-
diated activity of AF2, resulting in ER-antago-
nistic activity, although partial agonistic
activity remains. Unlike tamoxifen, fulves-
trant-induced conformational change of the ER
disrupts both AF2- and AF1-related transcrip-
tional activity [1].

Furthermore, the complex formed when
fulvestrant binds to the ER is unstable, resulting
in its accelerated degradation. Fulvestrant
therefore acts as both a competitive antagonist
and a selective estrogen receptor degrader
(SERD), causing a reduction in cellular ER alpha
levels [2]. In addition, it acts almost exclusively
as an ER antagonist, whereas tamoxifen is also a
partial agonist of ER [3] (Fig. 1).

Fulvestrant has a relatively high binding
affinity to the ER, which is 89% that of estradiol
[4]. It also impairs dimerization of the receptor,
thereby blocking its nuclear localization [5],
and the unstable complex formed results in
accelerated degradation of the ER protein [6].
Thus, fulvestrant binds, blocks and degrades the
ER, leading to complete inhibition of estrogen
signaling through the ER [7].

Early Trials

One of the limiting factors in the dosing of
fulvestrant is the practicality of administration.
Fulvestrant has poor solubility and must be
administered via intramuscular injection,
thereby limiting the volume and dose that can
be delivered. The initial dose, as used in the
trials explained here, was defined as 250 mg
every 28 days, and this dose was tested in a
range of randomized phase III trials comparing
fulvestrant with other, standard-of-care endo-
crine therapies in the first-line or subsequent
settings.

Two parallel studies in patients progressing
after prior endocrine treatment showed that
fulvestrant at a dose of 250 mg every 4 weeks
was as effective as anastrozole in post-
menopausal women with advanced breast can-
cer progressing after prior endocrine treatment
[8, 9]. In both trials, the median time to pro-
gression (TTP) for fulvestrant and anastrozole
was comparable: 5.5 months versus 5.1 months
(HR 0.98; 95% CI 0.8–1.21; p = 0.84) and 5.4
versus 3.4 months (HR 0.92; 95% CI 0.74–1.14;
p = 0.43), respectively [8, 9]. A prospectively
planned, combined analysis of the two studies
also showed comparable outcome (HR 0.96;
95% CI 0.83–1.11; p = 0.61). In each of the
studies, both drugs were well tolerated [10].
There was also no significant difference in the
secondary endpoint of objective response rate
(ORR), with 19.2% responding in the fulves-
trant arm and 16.5% in the anastrozole arm
(p = 0.31).

Another trial went on to compare fulvestrant
with tamoxifen in patients who had not
received prior endocrine therapy for metastatic
disease and had not received adjuvant endo-
crine therapy within 12 months. Again, this
trial showed no significant difference in the
primary endpoint between the two investiga-
tory arms, with a median TTP of 6.8 months for
fulvestrant and 8.3 months for tamoxifen (HR
1.18; 95% CI 0.98–1.44; p = 0.088) [11]. The
secondary endpoint, ORR, was also comparable
between arms (OR 0.87; 95% CI 0.61–1.24;
p = 0.45). However, exploratory survival analy-
sis suggested a benefit for tamoxifen over
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fulvestrant (HR 1.29; 95% CI 1.01–1.64;
p = 0.04) [11].

Finally, two randomized trials compared
fulvestrant at the dose of 250 mg every 4 weeks
to the steroidal aromatase inhibitor exemestane
as single-agent therapy or in combination with
the non-steroidal aromatase inhibitor anastro-
zole. In the EFECT study, there was no differ-
ence in TTP between fulvestrant and
exemestane, with a median TTP of 3.7 months
observed in both arms (HR 0.96; 95% CI
0.82–1.13; p = 0.65) [12]. Interestingly, this
study used a loading dose regimen for fulves-
trant, with 500 mg given on day 0, and then
250 mg given on days 14 and 28, before
repeating every 28 days. The different regimens
for fulvestrant administration will be discussed
later in this review.

The SoFEA phase III study investigated ful-
vestrant plus anastrozole or placebo versus
exemestane alone after progression on non-
steroidal aromatase inhibitors in post-
menopausal advanced cancer patients [13].
Again, the loading regimen previously described
was used for the administration of fulvestrant.
Once more, there was no significant difference
among the three arms, with median progres-
sion-free survival (PFS) of 4.4, 4.8 and

3.4 months, respectively, for the three arms,
demonstrating that double endocrine treatment
is no more effective than fulvestrant alone or
exemestane.

What is the Optimal Dose of Fulvestrant?

Originally, fulvestrant was prescribed as 250 mg
every 28 days, and other than the EFECT study,
the previously described randomized trials
comparing fulvestrant to both steroidal and
non-steroidal aromatase inhibitors and tamox-
ifen were carried out using this dosing scheme.
However, there has been much debate about the
best dose and optimal dosing schedule for ful-
vestrant, and several trials have sought to
address this issue. These include neoadjuvant
window-of-opportunity trials looking at the
effect of fulvestrant therapy on biomarkers, as
well as phase II and III clinical trials in the
advanced breast cancer setting.

In a biomarker-driven preoperative window
trial (NEWEST), researchers investigated the
dose effect of fulvestrant on a range of
biomarkers. The study included post-
menopausal women with newly diagnosed
ER-positive breast cancer. Women were given
either 500 mg per month plus 500 mg on day 14

Fig. 1 Tamoxifen displays a considerable ER-agonistic
effect compared to fulvestrant, which displays an almost
exclusively antagonistic effect. Moreover, tamoxifen affects

only the AF2 domain of the ER, whereas fulvestrant affects
both AF1 and AF2

Oncol Ther (2017) 5:17–29 19



of month 1 or 250 mg per month as preopera-
tive therapy. The primary endpoint for this
study was the change in the Ki-67 labeling
index from baseline to week 4. The study
showed that the higher dose and intensified
loading schedule was associated with signifi-
cantly increased down-regulation of Ki-67
(-78.4% vs. -47.4%; p\0.0001) [14].

In addition, the higher dose of fulvestrant
was also associated with increased down-regu-
lation of ER, with ER expression reduced by 25%
with the 500-mg dose compared to a 13.5%
reduction with the 250-mg dose. Changes in
Ki-67 and ER expression were both measured at
day 28. This demonstrates that fulvestrant is
able to work more potently as an ER degrader
with this dose scheduling. Importantly, these
data show that not only does the increased dose
have a greater effect on down-regulating cancer
cell proliferation, but it also has a direct effect
on the ER itself.

The synchronous FINDER 1 and FINDER 2
studies were designed to investigate the
importance of different dosing schedules in
relation to the efficacy and tolerability of
fulvestrant in Japanese and Western popula-
tions, respectively [15, 16]. The approved dose
(AD) of 250 mg/month, a loading dose (LD) of
500 mg on day 0, followed by 250-mg doses
on days 14 and 28 and monthly thereafter,
and a high dose (HD) of 500 mg on days 0, 14
and 28 and then monthly thereafter, were
explored. Neither study found a statistically
significant difference among the three doses,
using overall response rate (ORR) as their pri-
mary outcomes, but these phase II studies
were ultimately underpowered to demonstrate
moderate differences.

FINDER 1 found no significant difference
among the three groups, with ORR of 11.1%,
17.6% and 10.6%, respectively [15]. FINDER 2
found a trend towards greater efficacy with
the higher dose, but again, no significant dif-
ference was found among the three groups,
with ORR of 8.5%, 5.9% and 15.2%, respec-
tively [16]. Both trials were small, with 143
and 144 patients, respectively, and were
essentially underpowered to demonstrate
clinically small or moderate differences. In
addition, both trials used ORR as the primary

endpoint, which is considered suboptimal for
comparing endocrine therapies. Tolerability,
however, was similar throughout all arms
within both studies.

The relevance of dose and schedule was fur-
ther assessed in the CONFIRM trial, which
included 736 postmenopausal patients (more
than the two FINDER trials combined) who had
already experienced progression on prior endo-
crine treatment. This phase III trial compared
fulvestrant 250 mg/month with fulvestrant
500 mg/month with accelerated loading. The
primary endpoint was PFS, with OS a secondary
endpoint. Fulvestrant 500 mg was associated
with a statistically significant increase in PFS
compared to fulvestrant 250 mg (HR 0.80; 95%
CI 0.68–0.94; p = 0.006), though interestingly,
objective response rates were similar between
the two arms (9.1% vs. 10.2%, respectively) [17].
Moreover, OS was also significantly better in the
fulvestrant 500-mg arm, with a median OS of
26.4 months compared to 22.3 months in the
250-mg arm (HR 0.81; 95% CI 0.69–0.96;
p = 0.02) [18]. Both dosing regimens were well
tolerated.

Taken together, these data show that the
higher dose of fulvestrant provides a statistically
significant improvement in both PFS and OS,
without an increase in toxicity, and so the
higher dose has been adopted as the standard.
Fulvestrant 500 mg/month with a loading dose
is now the recommended dose.

Comparison Trials with Fulvestrant
500 mg

Having established an improved standard dose
for fulvestrant, it has since been compared
once more to aromatase inhibitors to see
whether this improvement in PFS and OS
compared to the lower dose could be trans-
lated into an improvement over to the estab-
lished aromatase inhibitors, as opposed to the
equivalence that was shown previously when
the suboptimal fulvestrant dose of 250 mg was
used.

The FIRST study was a phase II study of 205
patients, investigating the activity of fulvestrant
500 mg versus anastrozole 1 mg in patients
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without previous exposure to endocrine therapy
in the advanced breast cancer setting. The pri-
mary endpoint was clinical benefit rate (CBR),
defined as the proportion of patients experi-
encing an objective response or stable disease
for 24 weeks or longer. CBR was similar for ful-
vestrant and anastrozole (72.5% vs. 67%,
respectively), as was ORR (36% vs. 35.5%).
However, TTP was significantly greater for ful-
vestrant at both the initial analysis [19] and the
pre-planned follow-up analysis, with TTP at the
latter time point of 23.4 months for fulvestrant
and 13.1 months for anastrozole (HR 0.66; 95%
CI 0.47–0.92; p = 0.01) [20]. Moreover, when
(albeit unplanned) overall survival analysis was
performed, it showed an OS of 54.1 months for
fulvestrant and 48.4 months for anastrozole, an
increase of 5.7 months (HR 0.70; 95% CI
0.5–0.98; p = 0.04) [21]. Once again, there was
similar tolerance between the two drugs.

These findings were the basis for the FAL-
CON phase III trial that included 462 post-
menopausal women who had not previously
received any form of endocrine therapy (adju-
vant or metastatic). This trial was designed to
confirm the efficacy of fulvestrant 500 mg
compared to an aromatase inhibitor, anastro-
zole. A statistically significant improvement in
the primary endpoint, PFS, was observed with
fulvestrant relative to anastrozole (16.6 months
in the fulvestrant arm vs. 13.8 months with
anastrozole [HR = 0.797; 95% CI 0.637–0.999;
p = 0.0486]), with similar adverse event rates
[22].

Subgroup analysis suggested that patients
without visceral disease might benefit most
from receiving fulvestrant. PFS in this subgroup
increased from 13.8 months in patients treated
with anastrozole to 22.3 months for fulves-
trant-treated patients (HR 0.59; 95% CI
0.42–0.84). This compares to similar efficacy in
patients with visceral disease, with a PFS of
15.9 months for anastrozole and 13.8 months
for fulvestrant (HR = 0.99). At the time of writ-
ing, the OS data are immature but have so far
revealed no difference between the drugs [22].
At data cutoff, 67 (29%) of 230 patients in the
fulvestrant group and 75 (32%) of 232 patients
in the anastrozole group had died (HR 0.88,
95% CI 0.63–1.22, p = 0.4277).

Fulvestrant-Based Combination Therapy

Fulvestrant has been evaluated in various com-
binations, either with other endocrine agents or
with novel targeted agents. Three studies have
explored endocrine/endocrine combinations
[23, 13, 24], with conflicting results. The SoFEA
and FACT trials showed no benefit [23, 13],
whereas the SWOG S0226 trial showed a slightly
improved PFS of 15 months with the combina-
tion compared to 13.5 months with anastrozole
alone (HR 0.8; 95% CI 0.68–0.94; p = 0.007)
[24]. However, all of these studies used a sub-
optimal dosing regimen for fulvestrant, with
500 mg on day 1 but only 250 mg on day 15,
and monthly from day 29 onwards. Moreover,
the SWOG S0226 trial lacked a fulvestrant
monotherapy arm.

Fulvestrant has since been combined with
several different classes of targeted agents,
namely CDK4/6 inhibitors, drugs targeting the
PI3K/AKT/mTOR pathway and histone
deacetylase (HDAC) inhibitors.

Cyclin-dependent kinases (CDKs) promote
cell-cycle progression, with CDK4/6 playing a
pivotal role in ER-positive breast cancer, regu-
lating the G1-to-S-phase of the cell cycle. [25].
Several CDK4/6 inhibitors are now approved or
currently in clinical development, including
palbociclib, ribociclib and abemaciclib. Both
palbociclib and ribociclib have been shown to
substantially increase PFS in combination with
the aromatase inhibitor letrozole in patients
without prior endocrine treatment for meta-
static breast cancer (PALOMA-2 study [26];
MONALEESA-2 study [27].

The PALOMA-3 study investigated fulves-
trant with palbociclib or placebo in both pre-
and postmenopausal patients who had pro-
gressed on previous endocrine treatment. The
trial demonstrated a substantial increase in PFS,
from 4.6 months in the placebo arm to
9.5 months in the palbociclib arm (HR = 0.46;
95% CI 0.36–0.59; p\0.0001). In addition, ORR
increased from 10.9% in patients receiving ful-
vestrant alone to 24.6% in those receiving the
combination. Although the incidence of grade
3–4 adverse events increased from 22% to 73%,
most of these events were uncomplicated
myelosuppression (in particular neutropenia)
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and did not significantly affect patients’ quality
of life. The risk of infection was low compared
to chemotherapy across all studies with CDK4/6
inhibitors, affecting approximately 1% of
patients. Interestingly, the added benefit of
CDK4/6 inhibitors was seen irrespective of the
degree of endocrine resistance, hormone
receptor expression level or PIK3CA mutational
status [28].

Other trials investigating the value of the
CDK4/6 inhibitors are ongoing. The FLIPPER
trial is a phase II study comparing fulvestrant
and palbociclib with fulvestrant and placebo in
the first-line metastatic setting. PARSIFAL is a
phase II trial investigating the best endocrine
therapy in combination with palbociclib, ran-
domizing first-line patients to fulvestrant or
letrozole. The MONALEESA-3 is a randomized
placebo-controlled phase III study investigating
the addition of ribociclib to fulvestrant. Finally,
MONARCH 2 is also a randomized,
placebo-controlled phase III study, but is
investigating abemaciclib in combination with
fulvestrant.

A second main target for combination
endocrine therapy is the PI3K/AKT/mTOR
pathway. Activation of the PI3K pathway has
been shown to play a major role in promoting
resistance to endocrine therapy [29]. This can be
driven by either mutations in or up-regulation
of the PIK3CA gene. Combination therapy with
the mTOR inhibitor everolimus plus exemes-
tane in the BOLERO-2 study demonstrated a
significant benefit in PFS, but also showed sub-
stantially increased toxicity with the combina-
tion therapy. Trials with PI3K inhibitors were
begun in the hope of improving on these
results. Many of these studies used fulvestrant as
the endocrine backbone. The efficacy of two
different pan-PI3K inhibitors, pictilisib and
buparlisib, has been assessed in combination
with fulvestrant in three placebo-controlled
randomized clinical trials: the phase II FERGI
trial investigating pictilisib [30] and the phase
III BELLE-2 and BELLE-3 trials investigating
buparlisib (SABCS 2016).

The FERGI trial investigated the activity of
the pan-PI3K inhibitor pictilisib in combination
with fulvestrant in two parts. The first part
included all patients with endocrine-resistant

advanced breast cancer. The second part inclu-
ded only patients harbouring PI3K mutations.
No significant PFS was seen in either stage of the
study, with PFS of 6.6 months for pictilisib and
5.1 months for placebo in part 1 (HR = 0.74;
95% CI 0.52–1.06; p = 0.096) and PFS of 5.4 and
10 months, respectively, in part two (HR = 1.07;
95% CI 0.53–2.18; p = 0.84) [30]. There was also
greater toxicity seen with pictilisib, potentially
preventing it from being dosed sufficiently to
provide efficacy. The investigators felt that a
more specific inhibitor might allow more effi-
cacious dosing.

BELLE-2 assessed the more pan-PI3K inhi-
bitor buparlisib. The trial included women with
hormone-resistant advanced breast cancer,
stratified by the presence of PIK3CA mutations,
as detected either in tumor tissue or from cir-
culating tumor DNA (ctDNA). In the full study
population, a small but significant increase in
PFS from 5 to 6.9 months was seen with the
addition of buparlisib to fulvestrant (HR = 0.78;
p\0.001). Interestingly, in the patients with a
PIK3CA mutation, the relative benefit was lar-
ger, with an increase in median PFS from 3.2 to
7 months (HR = 0.56; p\0.001). This was,
however, associated with an increase in serious
adverse effects seen with PI3K inhibition,
including hyperglycaemia, hepatotoxicity and
depression.

Also interestingly, no difference was seen in
PFS between the full population and the
PIK3CA-mutant patients in the arms receiving
buparlisib, with the improved effect seemingly
due to the fact that the PIK3CA-mutant patients
progressed more rapidly than the full popula-
tion when using fulvestrant monotherapy. This
could imply that the presence of a PIK3CA
mutation is an independent poor prognostic
marker for single-agent endocrine therapy.

The BELLE-3 study is another phase III
placebo-controlled study of the combination of
buparlisib and fulvestrant for patients who had
progressed on or within 30 days of endocrine
and mTOR inhibitor therapy given as the last
therapy before study entry, and no more than
one prior chemotherapy regimen for advanced
disease The rationale was that mTOR1 inhibi-
tion elicits AKT phosphorylation via feedback
activation. PI3K inhibitors then abrogate AKT
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phosphorylation elicited by mTORC1 inhibi-
tion [31, 32]. The primary endpoint of PFS was
met with a PFS of 3.9 months in the buparlisib
arm compared to 1.8 months in the placebo
arm (HR 0.67; 95% CI 0.53–0.84; p\0.001).
Response rates were also greater with ORR in the
buparlisib arm 7.6% compared to 2.1% in the
placebo arm. There was, however, an increase in
toxicity in the combination arm with grade 3/4
adverse events almost twice as frequent (62% vs.
34%). These were notably in the form of raised
transaminases and mood disorders. This may
represent a significant challenge to safely
delivering this combination (Di Leo et al. [33]).

One of the main limitations of Pi3K inhibi-
tors is tolerability, especially of pan-PI3K inhi-
bitors; thus newer, more specific agents are
being developed. Trials are under way to further
explore the combination of fulvestrant with
drugs targeting the PI3K/AKT/mTOR pathway.
MANTA is a phase II study exploring its use in
combination with two different mTOR inhibi-
tors: everolimus, which is already licensed in
combination with exemestane; and vistusertib,
a novel mTOR inhibitor. Taselisib is selective for
the PI3Ka isoform, and so the hope is that it will
be less toxic than the previously described PI3K
inhibitors, allowing more potent dosing.
SANDPIPER is an ongoing study investigating
the use of fulvestrant alongside taselisib in a
placebo-controlled phase III trial. Similarly, the
SOLAR-1 study is a phase III double-blind
placebo-controlled study of another selective
PI3K inhibitor, alpelisib, in combination with
fulvestrant in two different cohorts, the first
having PIK3CA mutations and the second a
PIK3CA wild-type cohort.

ESR1 Mutations and Fulvestrant

There is increasing evidence implicating ESR1
mutations as an important driver of acquired
resistance to endocrine treatment [34]. ESR1
mutations are rare in primary breast cancer but
are more prevalent in metastatic cancers, espe-
cially in patients previously treated with aro-
matase inhibitors, implying that these
mutations are acquired [35, 36, 37]. These
mutations result in the ER becoming

constitutively active, and have therefore been
associated with resistance to aromatase inhibi-
tors and tamoxifen [35, 36].

Fulvestrant is a selective estrogen receptor
degrader. Thus it is potentially able to degrade
the ER and consequently to stop the up-regu-
lation of downstream proliferation even once it
becomes constitutively active. This is supported
by data from further analysis of tissue from the
SoFEA trial showing that patients with ESR1
mutations had an improved PFS of 5.7 months
with fulvestrant compared to 2.6 months with
exemestane (HR = 0.52; 95% CI 0.30–0.92;
p = 0.02) [38].

Spoerke et al. investigated hotspot mutations
in ESR1 and PIK3CA in ctDNA from participants
of the aforementioned FERGI trial. ESR1 muta-
tions were observed in over a third of patients
and were enriched in those with luminal A
(41.4%) and PIK3CA-mutated (44.4%) tumors.
It seems intuitive that luminal A cancers should
have a greater frequency of ESR1 mutations, as
they are likely to have been exposed to several
lines of aromatase inhibitors over a longer time
course than other breast cancer subtypes [39].
Despite the fact that the FERGI trial was a neg-
ative study, a post hoc analysis of patients with
ESR1 mutations suggested an improvement in
PFS from 3.7 months with placebo to
7.2 months with PI3K inhibition, suggesting
that the PI3K/AKT/mTOR pathway is associated
with resistance through ESR1 mutation [39].

Spoerke’s further tissue and ctDNA analysis
of the FERGI trial provides no evidence that PFS
with fulvestrant treatment is any different for
patients with ESR1 mutations than for those
with wild-type ESR1. This suggests that these
mutations might not be associated with innate
or acquired resistance to fulvestrant.

Fribbens et al. analysed samples taken from
patients in the SoFEA and PALOMA-3 studies
and analysed the impact of ESR1 mutations. In
SoFEA, patients with ESR1 mutations had
improved PFS with fulvestrant compared to
exemestane (HR = 0.52), whereas those with
wild-type ESR1 had similar PFS (HR = 1.07) [38].
In PALOMA-3, fulvestrant plus palbociclib
improved PFS compared to fulvestrant plus
placebo in both ESR1-mutant (HR = 0.43) and
wild-type (HR = 0.49) patients [38].
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Table 1 Summary of key trials involving fulvestrant

Study type Study name Author n Summary

Fulvestrant

monotherapy

250-mg dose

0020 Howell et al.

[8]

451 No sig diff in TTP between fulvestrant 250 mg and

anastrozole 1 mg (5.5 vs. 5.1 months) in patients with

advanced breast cancer who had progressed on prior

endocrine treatment

0021 Osborne

et al. [9]

400 No sig diff in TTP between fulvestrant 250 mg and

anastrozole 1 mg (5.4 vs. 3.4 months) in patients with

advanced breast cancer who had progressed on prior

endocrine treatment

0025 Howell et al.

[8]

587 No sig diff in TTP with fulvestrant 250 mg and tamoxifen

20 mg (6.8 vs. 8.3 months) in endocrine-naı̈ve advanced

breast cancer patients

EFECT Chia et al.

[12]

693 No sig diff in TTP between fulvestrant 500 mg D0, 250 mg

D14, D28, then q28 days, and exemestane 25 mg (3.7 vs.

3.7 months) in patients with advanced breast cancer after

progression on non-steroidal AI

SoFEA Johnston

et al. [13]

723 No sig diff in PFS between fulvestrant 500 mg D0, 250 mg

D14, D28, then q28 days, and anastrozole; fulvestrant

alone; or exemestane 25 mg (4.4 vs. 4.8 vs. 3.4 months) in

patients with advanced breast cancer after progression on

non-steroidal AI

Optimizing

fulvestrant dose

FINDER 1 Ohno et al.

[15]

143 Fulvestrant 250 mg q28 days vs. 500 mg D0, 250 mg D14,

D28, then q28 days, vs. 500 mg D0, 500 mg D14, D28,

then q28 days. No sig diff in ORR (11.1% vs. 17.6% vs.

10.6%) in a Japanese population having received prior

endocrine treatment

FINDER 2 Pritchard

et al. [16]

144 Fulvestrant 250 mg q28 days vs. 500 mg D0, 250 mg D14,

D28, then q28 days, vs. 500 mg D0, 500 mg D14, D28,

then q28 days. No sig diff in ORR (8.5% vs. 5.9% vs.

15.2%) in Western populations having received prior

endocrine treatment

CONFIRM Di Leo et al.

[18]

736 Fulvestrant 250 mg q28 days vs. 500 mg D0, D14, D28,

then q28 days. PFS and OS sig longer with 500 mg (HR

0.80 and 0.81) in patients who had progressed on prior

endocrine treatment
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CONCLUSIONS

Fulvestrant is an important endocrine therapy
that has demonstrated substantial clinical ben-
efit in many phase 3 trials, either alone or in
combination with other agents. The trials
involving fulvestrant are listed in Table 1. The

majority of trials to date have explored its use in
the metastatic setting, whereas there are limited
data available for early breast cancer, partly
because the requirement of intramuscular
injection was considered less favorable in the
adjuvant setting. Indeed, fulvestrant is not
licensed for use in this setting. However, the

Table 1 continued

Study type Study name Author n Summary

Fulvestrant

monotherapy

500-mg dose

FIRST Robertson

et al. [19]

205 Fulvestrant 500 mg D0, 500 mg D14, D28, then q28 days,

vs. anastrozole 1 mg. No sig diff in CBR (72.5% vs. 67%)

or ORR (36% vs. 35.5%). TTP sig longer with fulvestrant

(23.4 vs. 13.1 months) in first-line advanced breast cancer

patients

FALCON Robertson

et al. [22]

462 Fulvestrant 500 mg D0, 500 mg D14, D28, then q28 days,

vs. anastrozole 1 mg. Sig increased PFS with fulvestrant

(16.6 vs. 13.8 months) in endocrine-naı̈ve patients with

advanced breast cancer

Combination with

CDK4/6

inhibitors

PALOMA-3 Cristofanilli

et al. [28]

521 Sig increase in PFS (9.5 vs. 4.6 months) with addition of

palbociclib to fulvestrant in both pre- and

postmenopausal patients who progressed on endocrine

treatment

MONALEESA-3 Fasching

et al. [40]

660 Randomized placebo-controlled phase III study

investigating ribociclib with fulvestrant in first-line

advanced breast cancer patients

MONARCH 2 669 Randomized placebo-controlled phase III study

investigating abemaciclib with fulvestrant in patients with

advanced breast cancer who progressed on endocrine

treatment

PARSIFAL 304 Investigating palbociclib in combination with letrozole vs.

fulvestrant in first-line advanced breast cancer patients

Combination with

PI3K inhibitors

FERGI Krop et al.

[30]

168 No PFS difference between fulvestrant with pictilisib and

placebo (6.6 vs. 5.1 months), but with greater toxicity in

patients with hormone-resistant advanced breast cancer

BELLE-2 Baselga et al.

[41]

1147 Sig increase in PFS with buparlisib (6.9 vs. 5 months in

general population; 7 vs. 3.2 months in patients with

PIK3CA mutation) in patients with hormone-resistant

advanced breast cancer

BELLE-3 Di Leo et al.

[33]

432 Sig increase in PFS with buparlisib (3.9 vs. 1.8 months) in

patients who had recently progressed on mTOR inhibitor

D day of treatment, sig diff significant difference
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development of oral SERDs might be able
overcome this limitation, provided they can
demonstrate improved efficacy over current
treatment options. It will also be interesting to
see whether oral availability will allow higher
doses to be achieved, thereby potentially fur-
ther increasing activity.

The FALCON study suggests that fulvestrant
is the most active single-agent endocrine therapy
for postmenopausal women in the metastatic
setting. It is clear that in terms of dosing and
schedule, the higher dose of 500 mg on days 0,
14 and 28, and then every 28 days appears to be
the most efficacious way to give the drug, bal-
ancing effectiveness and tolerability, as shown in
the CONFIRM study. The remaining question is
whether it is best used in monotherapy or in
combination with other drugs. Combinations of
fulvestrant and other endocrine treatments have
not shown a clear advantage over single-agent
therapy. However, fulvestrant might offer some
advantages compared to other endocrine treat-
ments as an endocrine backbone of combination
therapy, most notably the ability to overcome
ESR1 mutations that might be seen in patients
who have relapsed on or after adjuvant aro-
matase inhibitors.

At present, most of the available evidence for
the combination of fulvestrant and targeted
biological therapies is for the CDK4/6 inhibitor
palbociclib and PI3K inhibitors. The CDK4/6
inhibitors may offer the most promise, as the
currently available PI3K inhibitors are associ-
ated with side effect profiles that limit their
dosing to an extent that compromises their
effectiveness. However, this is clearly an area of
significant ongoing research, and additional
combinations will hopefully be revealed over
the coming years.
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