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1 |  INTRODUCTION

Breast cancer (BC) is a heterogeneous disease, comprising 
multiple subgroups of varying molecular signatures, progno-
ses, and responses to therapies.1 From the clinical perspec-
tive, BC can be subdivided into three major subtypes: tumors 
expressing estrogen receptor (ER) and/or progesterone recep-
tor (PgR; commonly referred to as hormone receptor‐positive 
[HR+]), ErbB2‐amplified (also known as human epidermal 
receptor 2‐amplified [HER2+]), and triple‐negative BC 

(TNBC) due to the absence of ER/PgR and normal or nega-
tive HER2 expression.2

Postmenopausal women are highly predisposed to BC, and 
about 67% to 70% of all reported metastatic BCs are HR+, 
which are potentially sensitive to endocrine therapy.3 The 
treatment for HR+/HER2− locally advanced or metastatic 
BC is largely palliative, mostly aiming at prolonging sur-
vival and/or to improve or at least maintain quality of life and 
delay the initiation of chemotherapy.4 Selection of treatment 
is mainly based on four factors: the extent of disease, prior 
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Abstract
Nearly 75% of breast cancers are hormone receptor‐positive (HR+) and human epi-
dermal growth factor receptor type 2‐negative (HER2−), making endocrine therapy 
the mainstay of treatment for HR+ and HER2− combination. Although endocrine 
therapy, such as therapy with fulvestrant, is widely used in the clinic, endocrine re-
sistance (primary or secondary) is inevitable and poses a serious clinical concern. 
However, the therapeutic landscape of HR+/HER2− breast cancer is rapidly chang-
ing and evolving. In recent years, molecular insights into the genome of HR+/
HER2− breast cancer have helped to identify promising targets, such as alterations 
in signaling pathways [phosphatidylinositide 3‐kinase (PI3K/AKT/mammalian tar-
get of rapamycin (mTOR)], dysregulation of the cell cycle (CDK4/6), and identifica-
tion of new ESR1 mutations. These insights have led to the development of newer 
targeted therapies, which aims at significantly improving survival in these patients. 
This review summarizes the role and rationale of fulvestrant when used as a mono-
therapy or in combination with targeted therapies in patients with HR+/HER2− ad-
vanced breast cancer. We also discuss other novel agents and potential future 
combination treatment options.
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response to adjuvant endocrine therapy, the patient's clinical 
status, and patient preference.4 As per major international 
guidelines, endocrine therapy is regarded as the cornerstone 
treatment for HR+/HER2− advanced BC and should be con-
sidered for the majority of patients with locally advanced or 
metastatic tumors, with exceptions for those with life‐threat-
ening disease, those experiencing visceral crisis, or those 
with prior endocrine resistance.5-7

Endocrine therapies for the treatment of HR+/HER2− ad-
vanced BC include tamoxifen, the selective estrogen receptor 
modulator; nonsteroidal and steroidal aromatase inhibitors 
(AIs), which inhibit the peripheral synthesis of estrogen, 
thereby reducing estrogen levels (eg, anastrozole, letrozole, 
and exemestane); fulvestrant, the selective estrogen receptor 
downregulator (SERD).5,8

The therapeutic field of cancer therapy has been con-
stantly expanding in recent years, offering newer and po-
tentially more effective agents. Insights into molecular and 
biological pathways that may contribute to endocrine resis-
tance has led to the approval of several targeted agents, viz., 
mammalian target of rapamycin (mTOR) and cyclin‐depen-
dent kinase 4, 6 (CDK4/6) inhibitors. For example, the use 
of mTOR inhibitor, everolimus, or CDK4/6 inhibitor, pal-
bociclib, in combination with endocrine therapy has proven 
to be among the most crucial advances in the management 
of HR+/HER2− advanced BC over the last 5 years.9 Since 
the development of these agents, further combinations of 
targeted drugs and endocrine therapies have been clinically 
approved.10,11 However, the optimal choice and sequence of 
endocrine therapies is not clearly defined.

Given the evolving role of fulvestrant in the management 
of BC, this manuscript aims to review its clinical efficacy 
data and current role in the systemic therapy of advanced or 
metastatic HR+/HER2− BC as monotherapy or in combina-
tion with other therapeutic modalities.

2 |  FULVESTRANT: MECHANISM 
OF ACTION

Fulvestrant exerts selective ER downregulation via binding 
competitively to ERBinding of fulvestrant to ER inhibits ER 

receptor dimerization, blocking nuclear localization of the 
receptor.12,13 Fulvestrant is shown to have a binding affinity, 
which is 100 times greater than the affinity of other endocrine 
drug class, tamoxifen.14,15 Binding of fulvestrant to ER also 
leads to a rapid degradation of the fulvestrant‐ER complex, 
making the receptor unavailable to estrogen and attenuating 
the ability of ER to promote gene transcription.16 Another 
characteristic of fulvestrant, which distinguishes its mode of 
action from that of tamoxifen, is that it consistently reduces 
estrogen and PgR levels in tumor cells, without having ago-
nist effects.17,18 Figure 1 shows a schematic representation of 
the mode of action of fulvestrant.

3 |  FULVESTRANT AS 
MONOTHERAPY

Several trials have assessed the efficacy of fulvestrant as a 
single agent in HR+/HER2− advanced BC. Initial studies 
have demonstrated fulvestrant's non‐inferiority compared 
with tamoxifen.19,20 In a multicenter, double‐blinded, rand-
omized trial, patients with metastatic/locally advanced BC 
previously untreated for advanced disease were randomly 
assigned to either the fulvestrant (250 mg, via intramuscu-
lar injection, once monthly; n = 313) group or tamoxifen 
(20 mg, orally, once daily; n = 274) group. There was no 
significant difference between these two endocrine therapies 
in terms of time to progression (TTP).19 Likewise, another 
double‐blind randomized trial compared the efficacy and tol-
erability of fulvestrant (n = 206) vs anastrozole (n = 194) in 
postmenopausal women with advanced BC who were pro-
gressing even after prior endocrine therapy. It was found that 
fulvestrant was as effective as anastrozole in terms of effi-
cacy endpoints.21

Although fulvestrant 250 mg is adequate to competitively 
inhibit binding of estradiol to ER, inhibition of ER transcrip-
tion may occur without a complete degradation of receptor.12 
In continuation, supporting evidence showing the effect of 
fulvestrant dose on efficacy in patients with HR+/HER2− 
advanced BC began emerging. Results from FINDER 
1 (NCT00305448) and 2 (NCT00313170) have consis-
tently shown that in Western and Japanese postmenopausal 

F I G U R E  1   A schematic 
representation of the action of fulvestrant. 
AF1, activation function 1; AF2, activation 
function 2; ER, estrogen receptor; ERE, 
estrogen receptor response element; F, 
fulvestrant; RNA POL II, ribonucleic acid 
polymerase II. Adapted from Boer, Ther. 
Adv. Med. Oncol. 2017;9(7)465‐4794
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ER+ locally advanced/metastatic BC patients, a high dose 
(500 mg) of fulvestrant had similar or improved efficacy and 
tolerability compared with the approved dose of 250 mg.22,23 
Fulvestrant 500 mg/month and fulvestrant 250 mg/month 
was compared in ER+ advanced BC women in Comparison 
of Faslodex in Recurrent or Metastatic Breast Cancer 
(CONFIRM; NCT00099437), a randomized, double‐blind, 
phase III trial.24 It was observed that progression‐free sur-
vival (PFS) was significantly longer with 500 mg (n = 362) 
compared with 250 mg (n = 374; hazard ratio, 0.80; 95% 
class interval [CI], 0.68‐0.94; P = 0.006). The initial anal-
ysis showed a 20% reduction in the risk of progression 
with fulvestrant 500 mg and a nonsignificant difference of 
2.3 months in median overall survival (OS) compared with 
fulvestrant 250 mg (25.1 months vs 22.8 months; hazard 
ratio, 0.84; 95% CI, 0.69‐1.03; P = 0.09).24 A final analysis 
of OS for this trial showed that fulvestrant 500 mg was asso-
ciated with 19% reduction in risk of death and a 4.1 months 
difference in median OS compared with fulvestrant 250 mg 
(26.4 vs 22.3 months; hazard ratio, 0.81; 95% CI, 0.69‐0.96; 
P = 0.020).25 A post hoc analysis of the CONFIRM trial also 
showed that first‐line fulvestrant (500 mg) significantly pro-
longed PFS compared with fulvestrant 250 mg (median PFS 
5.6 vs 4.2 months; hazard ratio, 0.80; 95% CI, 0.64‐1.00; 
P = 0.047). As second‐line therapy, PFS with fulvestrant 
500 mg was numerically greater than fulvestrant 250 mg 
(7.9 vs 6.3 months; hazard ratio, 0.80; 95% CI, 0.64‐1.02; 
P = 0.068). Median OS with first‐line fulvestrant 500 mg was 
23.2 vs 22.1 months with fulvestrant 250 mg (hazard ratio, 
0.87; 95% CI, 0.70‐1.10; P = 0.251) and that with second‐
line it was 29.2 vs 22.8 months (hazard ratio, 0.75; 95% CI, 
0.58‐0.96; P = 0.020).This suggested superiority of higher 
doses of fulvestrant in both first‐ and second‐line settings.26

Yet another phase II, randomized, open‐label study FIRST 
(NCT01602380) was designed to evaluate fulvestrant 500 mg 
(n = 102) in comparison with anastrozole 1 mg (n = 103) 
as first‐line endocrine therapy for postmenopausal women 
with HR+/HER2− advanced BC.27 The primary outcome 
of interest for this non‐inferiority trial was clinical benefit 
rate (CBR), which was similar for fulvestrant and anastro-
zole (72.5% vs 67.0%; odds ratio, 1.30; 95% CI, 0.72‐2.38; 
P = 0.385). TTP was significantly longer for fulvestrant com-
pared with anastrozole (median TTP not reached for fulves-
trant vs 12.5 months for anastrozole; hazard ratio, 0.63; 95% 
CI, 0.39‐1.00; P = 0.049).27 Results of a follow‐up analysis 
of this trial showed a median TTP of 23.4 months for the ful-
vestrant group vs 13.1 months for the anastrozole group (haz-
ard ratio, 0.66; 95% CI, 0.47‐0.92; P = 0.010) corresponding 
to a 34% reduction in risk of progression.28 Furthermore, 
in this trial, OS analysis was planned when approximately 
65% of patients had died and it was observed that OS was 
extended with fulvestrant 500 mg compared with anastrozole 

(54.1 vs 48.4 months; hazard ratio, 0.70; 95% CI, 0.50‐0.98; 
P = 0.040).29

Based on these findings, the potential benefits of fulves-
trant 500 mg was investigated in fulvestrant and Anastrozole 
compared in hormonal therapy‐naïve advanced breast cancer 
(FALCON; NCT01602380), which was a randomized, dou-
ble‐blind, multicenter phase III trial.30 Fulvestrant 500 mg 
(n = 230) showed a PFS of 16.6 months vs 13.8 months with 
anastrozole 1 mg/day (n = 232) (hazard ratio, 0.797; 95% CI, 
0.637‐0.999; P = 0.048). A 21% reduction in risk of disease 
progression or death in women with locally advanced or met-
astatic HR+/HER2− BC who had been treated with fulves-
trant 500 mg compared with those who received anastrozole 
1 mg/day was observed.31

To summarize, fulvestrant 500 mg offers greater antitu-
mor activity than the 250‐mg regimen,32,33 without showing 
significant differences in toxicity profile. As per the US Food 
and Drug Administration (FDA) and European Medicine 
Agency (EMA) product information, fulvestrant has been ap-
proved and indicated in treating postmenopausal women with 
ER+, advanced or metastatic BC, either for disease relapse, 
on or after adjuvant antiestrogen therapy or for disease pro-
gression following endocrine therapy.34,35 In China, fulves-
trant has been launched as first‐line therapy for late‐stage BC, 
metastatic disease.36

4 |  PROGNOSTIC BIOMARKERS 
OF FULVESTRANT THERAPY

Although several mechanisms have been elucidated to under-
stand endocrine resistance, no particular biomarker or gene 
signature has been attributed; particularly for clinical use. In 
these lines, numerous multi‐gene expression based assays 
have been developed to assess response to fulvestrant treat-
ment and chemotherapy in early stage ER + BC.

It is found that mRNA levels of TFAP2C, a transcription 
factor expressed in BC, correlated with the protein expression 
levels and high transcript and protein levels correlated with 
decreased response to fulvestrant treatment.37 Interestingly, 
primary tumors from a subset of patients enrolled in the 
CONFIRM trial were evaluated in the transCONFIRM study 
in order to recognize a gene signature of response to fulves-
trant in advanced BC. It was reported that increased epider-
mal growth factor (EGF) pathway and Forkhead box protein 
A1 (FOXA1) transcriptional signaling were associated with a 
decreased response to fulvestrant. Furthermore, the reduced 
response to fulvestrant was attributed to a set of 37 genes with 
an expression pattern independently associated with PFS 
that demonstrated high expression of the TFAP2C gene (a 
well‐known regulator of ER activity). The negative predic-
tive value of TFAP2C expression, therefore, suggests further 
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validation of fulvestrant treatment as a predictive biomarker 
in metastatic BC.37

Additionally, analysis of mutations in ER gene (ESR1), 
mostly found in patients progressing after prior AIs are also 
gathering attention. A prospective‐retrospective analysis of 
SoFEA trial demonstrated that patients with ESR1 mutations 
predicted relative sensitivity to fulvestrant but resistance 
to exemestane.38 On the contrary, a recent meta‐analysis 
showed no association between ESR1 mutation status and 
fulvestrant efficacy.39 In this context, further comprehensive 
studies reporting a possible gene signature to efficiently pre-
dict response to fulvestrant therapy and aid clinical decisions 
are needed.

5 |  FULVESTRANT IN 
COMBINATION WITH OTHER 
ENDOCRINE THERAPIES

Fulvestrant and Anastrozole Combination Therapy (FACT; 
NCT00256698) was an open‐label, randomized, phase III 
trial which reported no clinical benefit by combining fulves-
trant 250 mg plus anastrozole vs anastrozole monotherapy.40 
On the contrary, in the Southwest Oncology Group (SWOG; 
NCT00075764) open‐label, randomized, phase III trial, the 
results favored this combination approach over anastrozole 
alone.41 In this study, median PFS among women who had 
not received prior tamoxifen therapy was 12.6 months with 
anastrozole monotherapy compared with 17.0 months as 
seen in the combination arm (hazard ratio, 0.74; 95% CI, 
0.59‐0.92; P = 0.006).41 It is noteworthy to add that while 
the addition of fulvestrant to anastrozole improved OS in 
postmenopausal patients with HR + metastatic BC in the 
SWOG trial, a pharmacokinetic interaction has been sug-
gested to occur wherein fulvestrant decreases anastrozole 
concentrations and persists throughout treatment.42 Although 
the clinical relevance of this interaction is unclear, addition 
of fulvestrant to anastrozole may compromise the efficacy of 
anastrozole. A summary of studies investigating fulvestrant 
as a single agent or in combination with other endocrine and/
or targeted therapies for the treatment of HR + advanced BC 
is given in Table 1.

6 |  FULVESTRANT IN 
COMBINATION WITH TARGETED 
THERAPIES

Although endocrine monotherapy is successful in treating 
majority of patients with HR+/HER2− BC, a significant 
number of cases do report a relapse and become refractory 
to such approaches.25 Reasons for such resistance can be at-
tributed to several factors, including: activating mutations 

in the ESR1 gene that encodes ER, increased activity of 
CDK4/6, upregulation of signaling pathways such as phos-
phoinositide‐3‐kinase (PI3K)/AKT/mTOR and HER2/mito-
gen‐activated protein kinase (MAPK).5,56,57 Tapping these 
potential molecular and genomic alterations leading to en-
docrine resistance has resulted in development of targeted 
therapies, changing the landscape of HR+/ HER2− advanced 
BC treatment (Figure 2).

The combination of fulvestrant with targeted agents is 
evolving, with clinical trials targeting the aforementioned 
signaling mechanisms, thereby increasing or restoring endo-
crine sensitivity (Figure 2). Results from phase III trials have 
favored the combination of AIs with mTOR inhibitor, evero-
limus, and CDK 4/6 inhibitors (abemaciclib, palbociclib, and 
ribociclib), by providing superior efficacy in patients who 
have previously received an AI38,59 and thus have been ap-
proved for metastatic HR + BC.47,60-62

6.1 | Fulvestrant in combination with CDK 
4/6 inhibitor
Inhibiting increased activity of CDK4/6 in HR + BC estab-
lishes a new therapeutic strategy to enhance the efficacy of 
fulvestrant therapy and also potentially reverse fulvestrant re-
sistance.44. Among three specific CDK4/6 inhibitors, palbo-
ciclib, abemaciclib, and ribociclib, palbociclib was the first 
drug in its class that was introduced into clinical practice.45,60

Preclinical investigation of palbociclib, a selective 
CDK4/6 inhibitor (Figure 2), present a strong rationale for 
clinical studies to test the combination of palbociclib with 
fulvestrant in HR+/HER2− BC patients.

A multicenter, double‐blind, randomized phase III 
PALOMA 3 study (n = 521; NCT01942135) investigated the 
combination of fulvestrant and palbociclib as second‐line treat-
ment for patients with HR+/HER2− advanced BC. Eligible 
women with any menopausal status (pre‐ or perimenopausal 
who were administered with any luteinizing hormone‐releas-
ing hormone at least 4 weeks before study therapy initiation) 
who relapsed or progressed during or <12 months of endo-
crine therapy or while on or <1 month from prior endocrine 
therapy for the condition were included.63,64 It was seen that 
combination therapy of fulvestrant with palbociclib showed 
a significant and consistent improvement in PFS compared 
with fulvestrant plus placebo (median 9.2 vs 3.8 months, re-
spectively; hazard ratio for disease progression or death, 0.42; 
95% CI, 0.32‐0.56; P < 0.001), irrespective of the degree 
of endocrine resistance, HR expression level, and PIK3CA 
mutational status.45,63 The median OS was 34.9 months in 
palbociclib‐fulvestrant group and 28.0 months in the pla-
cebo‐fulvestrant group (hazard ratio for death, 0.81; 95% CI, 
0.64‐1.03; P = 0.09; absolute difference, 6.9 months). On 
the other hand, the median OS in patients with sensitivity 
to previous endocrine therapy (n = 410) was 39.7 months 
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in the palbociclib‐fulvestrant group and 29.7 months in 
the placebo‐fulvestrant group (hazard ratio, 0.72; 95% CI, 
0.55‐0.94; absolute difference, 10.0 months).65 Treatment 

with this combination was generally safe and well tolerated, 
with neutropenia representing the most common adverse 
event. Unlike results seen with chemotherapy, despite the 

T A B L E  1  List of phase II/III trials using fulvestrant

Study/Trial name (n) Treatment regimen
Line of 
treatment CBR/ORR (%) Survival

    OS, months PFS, months

Fulvestrant as monotherapy

FALCON (n = 462)31 F 500 mg, anastrozole 1 mg 1st CBR: 78 vs 74 NA 16.6 vs 13.8a 

FIRST (n = 205)27-29 F 500 mg, anastrozole 1 mg 1st CBR: 72.5 vs 67.0 54.1 vs 48.4a 23.4 vs 13.1a 

CONFIRM (n = 736)24,25 F 500 mg, F 250 mg 2nd CBR: 45.6 vs 39.6 26.4 vs 22.3a 6.5 vs 5.5b 

Fulvestrant + other endocrine therapy

FACT (n = 514)40 F 250 mg + anastrozole, 
anastrozole

1st NA 38.2 vs 37.8 10.8 vs 10.2

SWOG (n = 694)41 F 250 mg + anastrozole, anastro-
zole, fulvestrant

1st CBR: 73.0 vs 70.0 47.7 vs 41.3a 15 vs 13.5b 

SoFEA (n = 723) 43 F 500/250 mg + anastrozole, F 
500 mg + placebo, exemestane

2nd NA 20.2 vs 19.4 4.4 vs 4.8 vs 
3.4

Fulvestrant + CDK inhibitor

PALOMA 3 (n = 521)44,45 F 500 mg + palbociclib, F 
500 mg + placebo

2nd CBR: 24.6 vs 10.9a NA 9.5 vs 4.6b 

MONARCH 2 (n = 669)46 F 500 mg + abemaciclib vs F 
500 mg + placebo

2nd ORR: 48.1 vs 21.3 NA 16.4 vs 9.3a 

MONALEESA 3 (n = 726)47 F 500 mg + ribociclib. F 
500 mg + placebo

2nd ORR: 32.4 vs 21.5b NA 20.5 vs 12.8b 

Fulvestrant + mTOR inhibitor

PrECOG (n = 131)48 F 500 mg + everolimus, F 
500 mg + placebo

2nd NA NA 10.4 vs 5.1a 

Fulvestrant + PI3K inhibitor

SANDPIPER (n = 516)49 F 500 mg + taselisib, F 
500 mg + placebo

2nd ORR: 28.0 vs 11.9b  
CBR: 51.5 vs 37.3

NA 7.4 vs 5.4a 

BELLE‐2 (n = 1147)50 F 500 mg + buparlisib, F 
500 mg + placebo

2nd ORR: 11.8 vs 7.7 NA 6.9 vs 5.0b 

FERGI (n = 168)51 F 500 mg + pictilisib, F 
500 mg + placebo

2nd ORR: 7.9 vs 6.3 NA 6.6 vs 5.1

BELLE‐3 (n = 432)52 F 500 mg + buparlisib, F 500 mg, 
F 500 mg + placebo

2nd ORR: 7.6 vs 2.1 7.6 vs 2.1 3.9 vs 1.8b 

LEA (n = 380)53 F 250 mg or letrozole + bevaci-
zumab, F 250 mg or 
letrozole + placebo

1st CBR: 76.8 vs 67.4 52.1 vs 51.8 19.3 vs 14.4

Fulvestrant + EGFR, HER2 inhibitor

CALGB (n = 291)54 F 500 mg + lapatinib, F 
500 mg + placebo

1st NA 30 vs 26.4 4.7 vs 3.8

Robertson et.al (n = 156)55 F 250 mg or exemestane + ganitu-
mab, F 250 mg or 
exemestane + placebo

2nd NA 22.2 vs NA 5.7 vs 3.9

CDK, cyclin‐dependent kinase; CBR, clinical benefit rate; ORR, overall response rate; EGFR, epidermal growth factor receptor; F, fulvestrant; HER2, human epidermal 
growth factor receptor type 2; IGFR, insulin‐like growth factor receptor; mTOR, mammalian target of rapamycin; N, number of patients; OS, overall survival; PFS, 
progression‐free survival; PI3K, phosphoinositide 3‐kinase. Modified from Boer, Ther. Adv. Med. Oncol. 2017;9(7):465‐479.4

*P < 0.05. 
**P < 0.001. 
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high rate of grade 3 to 4 neutropenia (62%), the rate of fe-
brile neutropenia was very low (0.6%) in the palbociclib arm. 
Overall, these data show promising efficacy with fulvestrant 
plus palbociclib, with manageable adverse events.44 Based on 
these data, the FDA and European Union have approved the 
use of fulvestrant 500 mg for treating HR+/HER2− advanced 
or metastatic BC in combination with palbociclib in women 
with disease progression following endocrine therapy.66,67

Abemaciclib, another inhibitor of Rb phosphorylation, 
has been found to inhibit tumor growth in mouse models.68 
This has been investigated in combination with fulvestrant 
in the MONARCH 2 (NCT02107703) study. This global, 
double‐blind, phase III study compared PFS among patients 
receiving abemaciclib plus fulvestrant (n = 446) vs fulves-
trant alone (n = 223) in HR+/HER2− advanced BC patients 
who were aged ≥18 years, whose disease progressed while 
receiving prior endocrine therapy. Eligible women with any 
menopausal status (pre‐ or perimenopausal women who re-
ceived a gonadotropin‐releasing hormone agonist) and had 
an Eastern Cooperative Oncology Group performance status 
of 0 or 1 were enrolled. Additionally, patients were required 
to have disease progression while on neoadjuvant or adjuvant 
endocrine therapy for ≤12 months after adjuvant or while 
receiving endocrine therapy for advanced BC. The combi-
nation of abemaciclib plus fulvestrant significantly increased 
PFS compared with fulvestrant monotherapy (median 16.4 
vs 9.3 months; hazard ratio, 0.553; 95% CI, 0.449‐0.681; 
P < 0.001).46 Unlike palbociclib, the most common adverse 
event in the abemaciclib arm was diarrhea (86.4%), followed 
by neutropenia (46.0%), nausea (45.1%), and fatigue (39.9%).

Results from the latest MONALEESA 3 trial 
(NCT02422615), a phase III, double‐blind, placebo‐con-
trolled international study, also corroborates the above 

findings with respect to ribociclib. Postmenopausal women 
and men with histologically and/or cytologically confirmed 
HR+/HER2− advanced BC were included in the study. 
Patients were required to have advanced BC that was newly 
diagnosed, thus receiving first‐line therapy or those who re-
lapsed >12 months or ≤12 months from completion of (neo) 
adjuvant endocrine therapy. Additionally, patients who re-
lapsed after >12 months from completion of (neo) adjuvant 
therapy with subsequent progression after one line of endo-
crine therapy for advanced or metastatic disease were also 
included. The study demonstrated favorable PFS with ribo-
ciclib plus fulvestrant combination (n = 210) compared with 
placebo (n = 151) (median 20.5 vs 12.8 months; hazard ratio, 
0.59; 95% CI, 0.48‐0.73; P < 0.001) in HR+/HER2− ad-
vanced BC patients.47 Neutropenia (46.6%) was the common 
adverse event in the ribociclib arm, followed by leukopenia 
(13.5%), anemia (3.1%), fatigue (1.7%), and nausea (1.4%). 
Neutropenia was the only grade 4 adverse event reported in 
≥5% of patients.47 Based on the results from this study, FDA 
recently approved the combination of ribociclib (KISQALI) 
with fulvestrant for treating postmenopausal women with 
HR+/HER2− advanced or metastatic BC, as initial endo-
crine‐based therapy or following disease progression on en-
docrine therapy.69 The list of ongoing phase II/III/IV trials 
combining CDK4/6 inhibitors with fulvestrant is summarized 
in Table 2.

6.2 | Fulvestrant in combination with pan‐
PI3K inhibitors
Activation of the PI3K pathway is reported to be a hallmark 
of HR + BC cells that are resistant to endocrine therapy.70 
PI3K pathway is frequently activated aberrantly in BC, with 

F I G U R E  2   Mode of action of 
fulvestrant and other targeted therapies 
in cancer cells. AKT, protein kinase B; 
CDK4/6, cyclin‐dependent kinases 4/6; 
EGFR, epidermal growth factor receptor; 
HER2/3, human epidermal growth factor 
receptor 2/3; IGFR, insulin‐like growth 
factor receptor; mTOR, mammalian target 
of rapamycin; PI3K, phosphatidylinositol‐3‐
kinase; OR, estrogen receptor. Adapted 
from Peter, Eur. Oncol. Haematol., 
2017;13(2):127‐13358
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majority of mutations in the PI3K catalytic subunit (PIK3CA), 
encoding the catalytic p110α subunit.71 Approximately, 
20%‐25% breast tumors exhibit these mutations depending 
on the BC subtype.71 Blocking ER and PIK3CA pathways 
therefore seems a promising strategy. PI3KCA mutations are 
frequently found in BC.72

However, clinical study results with pan PI3K inhibi-
tors have been contradictory. The FERGI (NCT01437566) 
study, which was a randomized, double‐blind, placebo‐
controlled, phase II study, in postmenopausal women with 
HR+, HER2− BC resistant to treatment with an AI in the 
adjuvant or metastatic setting, found that the addition of 
the PI3K inhibitor pictilisib to fulvestrant did not signifi-
cantly improve PFS (6.6 months vs 5.1; hazard ratio, 0.74; 
95% CI, 0.52‐1.06; P = 0.096).51 However, toxicity issues 
limited pictilisib dosing, thereby potentially limiting its 
efficacy.

Another randomized, phase III clinical trial, BELLE‐2 
(NCT01610284), was designed to assess the efficacy of the 
PI3K inhibitor, buparlisib, plus fulvestrant.50 Postmenopausal 
women (aged >18 years) with histologically confirmed HR+ 
and HER2− inoperable locally advanced or metastatic BC 
with disease progression on or after AI treatment were in-
cluded. A modest benefit in terms of PFS was observed, 
with a median PFS of 6.9 months in the combination arm vs 
5.0 months in the fulvestrant alone arm (hazard ratio, 0.78; 
95% CI, 0.67‐0.89; P < 0.0002). The safety profile of the 
combination was characterized by transaminitis, hyperglyce-
mia, rash and mood disorders, especially, depression (26.2% 
of patients with buparlisib plus fulvestrant vs 8.9% with ful-
vestrant alone).50

BELLE‐3 (NCT01633060), which was a randomized, 
double‐blind, placebo‐controlled, phase III trial, included pa-
tients who were HR+/HER2−, AI‐treated, locally advanced 

T A B L E  2  Key upcoming phase II/III/IV clinical trials combining CDK4/6 inhibitors with fulvestrant

Study name 
(ClinicalTrials.gov 
identifier) Study arms Study population

Outcomes 
measures

PADMA (NCT03355157) Palbociclib + endocrine therapy vs 
chemotherapy with/without endocrine 
maintenance

Patients with metastatic HR+/HER2− BC in 
a real‐world setting

TTF

PEARL (NCT02028507) Palbociclib + exemestane or fulvestrant 
vs capecitabine

Females with histologically confirmed 
metastatic BC whose disease is resistant to 
previous nonsteroidal AIs (letrozole or 
anastrozole) (on or within 12 months after 
end of adjuvant or within 1 month after end 
of endocrine treatment)

PFS and ORR

MAINTAIN 
(NCT02632045)

Ribociclib + fulvestrant vs 
fulvestrant + placebo

Patients with histologically or cytologically 
confirmed adenocarcinoma of the breast 
with unresectable or metastatic disease

PFS and ORR

PASIPHAE 
(NCT03322215)

Palbociclib + fulvestrant vs capecitabine Patients with metastatic HR+/HER2− BC 
with progressive disease after endocrine 
treatment (on or within 12 months after end 
of adjuvant or within 1 month after end of 
endocrine treatment)

PFS, HRQOL, OS, 
and CBR

SONIA (NCT03425838) AI + CDK4/6 (palbociclib/ribociclib) as 
first‐line therapy, followed by 
fulvestrant as second‐line therapy vs AI 
as first‐line therapy, followed by 
fulvestrant + CDK4/6 inhibitors in 
second‐line therapy

Women with HR+/HER2− advanced BC, 
who received prior treatment with an AI 
either as (neo)‐adjuvant or for advanced 
disease

PFS, OS, QOL, 
and ORR

PARSIFAL 
(NCT02491983)

Palbociclib + letrozole vs 
Palbociclib + fulvestrant

Aged ≥18 years or older, postmenopausal 
women with metastatic or locally advanced 
disease HR+/HER2− BC, not amenable to 
curative therapy. No prior chemotherapy 
line in the metastatic setting

PFS, TTP, 
OS,CBR, and 
ORR

AI, aromatase inhibitor; BC, breast cancer; CDK, cyclin dependent kinases; CBR, clinical benefit rate; HER2, human epidermal growth factor receptor 2; HR, hormone 
receptor; HRQOL, health related quality of life; OS, overall survival; ORR, overall response rate; PFS, progression‐free survival; QOL, quality of life; TTF, time to 
treatment failure; TTP, time to progression.



1950 |   LI et aL.

BC that had either progressed on treatment or after treatment 
with everolimus. In all, 432 patients were randomized (2:1) 
to receive daily buparlisib plus fulvestrant or placebo plus 
fulvestrant.73 Median PFS for patients in the buparlisib arm 
was 3.9 months compared with 1.8 months for those in the 
placebo arm (P < 0.001). Among patients with PIK3CA 
mutations, PFS was 4.7 months for those in the buparlisib 
arm compared with 1.4 months for those in the placebo arm 
(P < 0.001).52

SANDPIPER (NCT02340221), which was a double‐blind, 
placebo‐controlled, randomized phase III study, assessed the 
combination of taselisib plus fulvestrant in HR+/HER2−, 
PIK3CA‐MUT locally advanced or metastatic BC postmeno-
pausal patients with disease recurrence or progression during 
or after an AI. The taselisib arm demonstrated a significant 
improvement in investigator assessed‐PFS as confirmed by 
blinded independent central review‐PFS compared with the 
placebo arm (median 5.4 vs 7.4 months; hazard ratio, 0.70; 
P = 0.003). As per the safety profile, diarrhea (12%) was the 
most common grade ≥3 adverse event in the taselisib com-
bination arm, followed by hyperglycemia (10%), colitis (3%), 
and stomatitis (2%). Compared with placebo, adverse events 
led to more taselisib discontinuations (17% vs 2%) and dose 
reductions (37% vs 2%).74 Owing to these safety concerns, 
further development of taselisib has been halted.75

Although median PFS results were promising, broader 
PI3K inhibition was associated with a challenging toxicity 
profile in patients with PIK3CA‐mutant vs wild‐type tu-
mors.50,73 Therefore, selective targeting of a single PI3K iso-
form might reduce adverse effects. To further strengthen this 
hypothesis, a recent phase 1a study of alpelisib (BYL719), 
an oral, α‐specific PI3K inhibitor demonstrated encourag-
ing treatment response along with tolerable safety profile 
in patients with PIK3CA‐altered solid tumors.76 A phase 1b 
clinical trial assessing the combination of alpelisib plus ful-
vestrant showed manageable safety profile in patients with 
ER + advanced BC, and data suggest that this combination 

may have greater clinical activity in PIK3CA‐altered vs wild‐
type tumor.77 Another phase 1b study using combination of 
letrozole and alpelisib also showed higher clinical benefit in 
patients with PIK3CA‐mutated tumors.78

A recent phase III, SOLAR‐1 trial (NCT02437318) eval-
uating the combination of α‐PI3K inhibitors (alpelisib) with 
fulvestrant in patients with PIK3CA mutations has achieved 
its primary endpoint (PFS). Alpelisib arm has shown sig-
nificant improvement in median PFS compared to the pla-
cebo arm (11.0 months vs 5.7 months; hazard ratio, 0.65; 
95% CI, 0.50‐1.25, P = 0.00065) at a median follow‐up of 
20.0 months. It was seen that 36% patients with measur-
able PIK3CA‐mutated advanced BC responded to alpelisib 
combination whereas ORR was 16% in the placebo group 
(P = 0.0002).79 Further data on other endpoints from this 
trial is awaited and will help strengthen treatment strategy 
based on patient's tumor genomic profile (Table 3).

6.3 | Fulvestrant in combination with 
mTOR inhibitors
The PI3K/AKT/mTOR pathway is a prototypic survival 
pathway that is constitutively activated in many types of can-
cer (Figure 2).80

The combination of everolimus, the first mTOR inhibitor 
introduced into clinical practice, and endocrine therapy rep-
resents an important strategy to overcome resistance.61 The 
multicenter phase II PrECOG 0102 study (NCT01797120) 
was designed to evaluate the combination of everolimus with 
fulvestrant vs fulvestrant single agent as a second‐line ther-
apy in women with HR+/HER2− advanced BC previously 
treated with an AI for metastatic disease or relapsing on adju-
vant AI.81 Kornblum et al reported a statistically significant 
improvement in median PFS for the addition of everolimus to 
fulvestrant from 5.1 to 10.3 months (hazard ratio, 0.61; 95% 
CI, 0.40‐0.92; stratified log‐rank P = 0.020). The combina-
tion was associated with greater toxicity; wherein the most 

T A B L E  3  Key ongoing phase III clinical trials combining alpha‐PI3K inhibitors with fulvestrant

Study name (ClinicalTrials.gov 
identifier) Study arms Study population Outcome measures

SOLAR‐1 (NCT02437318) Alpelisib + fulvestrant vs 
fulvestrant + placebo

• Men and postmenopausal women with HR+/
HER2 ‐ advanced BC, who received prior 
treatment with an AI either as (neo)‐adjuvant or 
for advanced disease

• Relapsed with evidence of progression within or 
more than 12 months from completion of 
(neo)‐adjuvant therapy

• Newly diagnosed advanced BC relapsed with 
documented progression on or after one line of 
endocrine therapy

PFS, OS, ORR, 
CBR, and QOL

AI: aromatase inhibitor; CBR: clinical benefit rate; HER2: human epidermal growth factor receptor 2; HR: hormone receptor; OS: overall survival; ORR: overall re-
sponse rate; PFS: progression‐free survival; QOL: quality of life.
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frequent adverse events were oral mucositis (53%), fatigue 
(42%), rash (38%), anemia (31%), diarrhea (23%), hypergly-
cemia (19%), hypertriglyceridemia (17%), and pneumonitis 
(17%).81 The tolerability profile of both drugs was consistent 
with that seen in other studies.30,82 Nonetheless, the PrECOG 
0102 trial results need further confirmation by larger studies.

On the contrary, results from a very recent trial, MANTA 
(NCT02216786), an investigator‐led, randomized, open‐label 
phase II trial failed to demonstrate any benefit of adding tar-
get of rapamycin complex 1/2 (TORC1/2) inhibitor, vistu-
sertib (AZD2014), to fulvestrant.83. A total of 333 patients 
were randomized to receive fulvestrant (n = 66), fulves-
trant + vistusertib (n = 106, continuous), fulvestrant + vis-
tusertib (n = 95, intermittent); and fulvestrant + everolimus 
(n = 64). Median PFS was 4.6 months (95% CI, 3.4‐6.9) 
in patients assigned to fulvestrant; 7.5 months (95% CI, 
5.6‐9.4) in those assigned to fulvestrant + vistusertib (con-
tinuous); 7.6 months (95% CI, 5.5‐9.6) in those assigned 
to fulvestrant + vistusertib (intermittent); and 12.2 months 
(95% CI, 7.5‐14.3) in those assigned to fulvestrant + ever-
olimus. No significant difference was recorded between the 
patients assigned to fulvestrant + vistusertib (continuous) 
and fulvestrant (hazard ratio, 0.87; 95% CI, 0.62‐1.23; log‐
rank P = 0.420); fulvestrant + vistusertib (intermittent) and 
fulvestrant (hazard ratio, 0.78; 95% CI, 0.55‐1.12; log‐rank 
P = 0.16); and fulvestrant + vistusertib (continuous) and 
fulvestrant + vistusertib (intermittent) (hazard ratio, 1.11; 
95% CI, 0.81‐1.52; log‐rank P = 0.520). PFS was signifi-
cantly longer in patients assigned to fulvestrant + everolimus 
compared with fulvestrant + vistusertib (continuous) (haz-
ard ratio, 0.64; 95% CI, 0.45‐0.91; log‐rank P = 0.010) and 
fulvestrant + everolimus compared with fulvestrant (hazard 
ratio, 0.64; 95% CI, 0.43‐0.94; log‐rank P = 0.020).83 As re-
ported in Table 4, results from an ongoing trial are awaited.

6.4 | Fulvestrant in combination with 
endothelial growth factor receptor and 
HER2 inhibitors
Given the overexpression ofendothelial growth factor re-
ceptor or HER2 in some HR + BC, it has been suggested 

that EGFR‐ and HER2‐targeting agents could be a poten-
tial treatment strategy.84,85 The phase III trial Cancer and 
Leukaemia Group B 40302B (CALGB 40302/Alliance) 
study (NCT00390455) investigated the combination of the 
dual EGFR‐HER2 inhibitor lapatinib with fulvestrant com-
pared with lapatinib alone in women with advanced HR+/
HER2− or HER2 + BC that was resistant to endocrine ther-
apy. The study reported no benefit from the addition of lapa-
tinib to fulvestrant in either PFS (4.7 vs 3.8 months, hazard 
ratio, 1.04, P = 0.370), or OS (30 vs 26.4 months, hazard 
ratio, 0.91, P = 0.250). Similarly, no significant improve-
ment in PFS (5.9 vs 3.3 months; P = 5.530) was observed in 
the HER2+ subgroup of patients.54

6.5 | Fulvestrant in combination 
with vascular endothelial growth factor 
receptor and epidermal growth factor receptor 
tyrosine kinase inhibitors (TKIs)
A phase II placebo‐controlled trial assessed the addition 
of vandetanib to fulvestrant (n = 61) compared with pla-
cebo (n = 68) in postmenopausal women with bone‐only or 
bone‐predominant HR + metastatic BC (NCT00811369). 
Turnover of bone biomarker, urine N‐telopeptide (uNTx), 
was used to assess whether vandetanib improved uNTx re-
sponse when added to fulvestrant in patients with bone me-
tastases. No significant difference was detected between 
groups for PFS (hazard ratio, 0.95, 95% CI, 0.65‐1.38) or OS 
(hazard ratio, 0.69, 95% CI, 0.37‐1.31). In addition, investi-
gators also concluded that adding vandetanib to fulvestrant 
did not result in an improvement of biomarker response, PFS, 
or OS in patients with bone metastases.87

7 |  RATIONALE FOR TREATMENT 
STRATEGY

With the evolving therapeutic advancements in treating BC, 
clinicians now have multiple strategies to opt from. Care 
should be taken to determine whether all patients who are 
suitable for endocrine therapy should receive monotherapy 

T A B L E  4  Ongoing phase II clinical trial combining mTOR inhibitors with fulvestrant

Study name 
(ClinicalTrials.gov 
identifier) Study arms Study population Outcome measures

NCT02049957 MLN0128(Dual mTORC1/2 
Inhibitor) + Fulvestrant

Postmenopausal women with HR+/
HER2− advanced or metastatic BC that has 
progressed on treatment with everolimus in 
combination with exemestane or fulvestrant

Percentage of patients experienc-
ing AEs, CBR, ORR, and PFS

AE, adverse event; BC, breast cancer; CBR, clinical benefit rate; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; ORR, overall response rate; 
PFS, progression‐free survival.
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or combination therapy. Even if first‐line trials demonstrate 
benefit in terms of OS, questions as to whether similar ef-
fects can be achieved with crossover remains unanswered. 
CDK4/6 inhibitors show superior efficacy compared with en-
docrine monotherapy; however, the advantage over OS is yet 
to be reported.44,64 Therefore, it is reasonable to still consider 
single‐agent fulvestrant therapy for some patients, ideally for 
those at low risk with low activity and presumed sensitiv-
ity. Unfortunately, there is a great deal of heterogeneity in 
HR + metastatic BC,88 and thus, there is a critical need for 
developing predictive biomarkers to allow improved guid-
ance in treatment choice.89 When recommending appropri-
ate endocrine therapy, fulvestrant's efficacy must be weighed 
against its intramuscular administration,90 which necessitates 
more frequent visits. On the contrary, a potential advantage 
of fulvestrant in terms of improved treatment compliance 
due to its monthly parenteral administration compared with 
daily oral intakes of other endocrine therapies should be ac-
knowledged. A particular benefit with fulvestrant has been 
seen in those with non‐visceral disease and ESR1 mutation 
status.91 Clinically, impressive response rates have also been 
reported with the combination of CDK4/6 with fulvestrant, 
with objective response rates in excess of 40%63,92; which is 
in the range of chemotherapy response rates in phase III trials 
with endocrine receptor‐positive disease.93,94 Owing to these 
qualities, combination strategies especially with CDK4/6 in-
hibitors seem to offer more benefits from endocrine therapy 
than chemotherapy.

The choice of endocrine monotherapy can be influenced 
by ESR1 mutational status and disease pattern (non‐vis-
ceral vs visceral disease). As the status of ESR1 mutations 
impacts the outcome of patients in response to endocrine 
therapy,91 detecting ESR1 mutations may be a promising 
method of individualizing treatment for metastatic BC.95 
Retrospective analyses from completed clinical trials sug-
gest that these mutations are prognostic and predictive of 
resistance to an AI in metastatic disease.96,97 However, 
prospective studies to confirm these results and to deter-
mine the best treatment combinations for patients with 
ESR1 mutations are required. Higher doses of fulvestrant 
could improve outcomes for patients with these mutations, 
which are mostly preclinical.98 Lack of robust and reliable 
biomarkers to choose a specific combination therapy strat-
egy is of serious concern. Although targeting PI3K path-
way seems a feasible option, efficacy and safety concerns 
around PI3K inhibitors do not allow their use in clinical 
setting.

Guidance on selecting and sequencing of treatments should 
be reevaluated following the availability of data for both OS 
and PFS, from the FALCON, PALOMA 2, MONALEESA 2, 
MONALEESA 3, and MONARCH 3 trials.30,47,99,100 Based 
on previously available data, key recommendations for en-
docrine therapy in HR + metastatic BC from the National 

Comprehensive Cancer Network (NCCN) and American 
Society for Clinical Oncology have been made. Both guide-
lines recommend offering hormonal therapy in patients with 
tumors and any level of HR expression and that therapy de-
cision must consider the type of adjuvant treatment, disease‐
free interval, and extent of disease at the time of recurrence. 
It also recommends that treatment should be continued until 
disease progression occurs and that endocrine therapy and 
chemotherapy should not be combined.5,102 Perhaps results 
from few ongoing trials such as PADA‐1 and SONIA may 
shed some light on optimal combination therapies in improv-
ing OS in BC patients.

8 |  FULVESTRANT AS FIRST‐
LINE THERAPY

Benefits of endocrine therapy in treating HR + BC are well 
recorded. Despite these interventions in the adjuvant setting, 
~40% to 50% of HR+ patients relapse.103 As per the third 
International Consensus Conference for Advanced BC (ABC 
3) guidelines, endocrine resistance includes patients whose 
disease relapsed while on the first 2 years of adjuvant endo-
crine therapy, or disease progression within first 6 months 
of first‐line endocrine therapy for BC, while still on endo-
crine therapy. Accordingly, studies in such resistant patients 
have shown promising effects of combination therapy with 
fulvestrant,47 either as a first‐line treatment option or as a 
second‐line treatment option. However, choice of first‐line 
or second‐line endocrine therapy should take into considera-
tion few other key points such as symptoms, extent of dis-
ease, prior agent exposure, and response to previous hormone 
therapy. Considering these points, a clinician should take a 
call on whether or not to opt for monotherapy or combina-
tion therapy based on type of patient (resistant or sensitive).
The efficacy of fulvestrant in the first‐line setting, either as 
monotherapy or in combination with anastrozole, in endo-
crine‐naïve patients has been supported by findings from 
clinical studies.27,28,31 Briefly, fulvestrant monotherapy or in 
combination with anastrozole have been demonstrated to be 
effective and safe for the initial treatment of postmenopau-
sal women with advanced HR+/HER2− BC.41 Fulvestrant 
500 mg is now approved first‐line monotherapy, based on the 
findings from the FALCON study, in USA, Europe, Japan, 
and Russia.

Given the numerous BC subtypes and therapies, select-
ing first‐line therapy for postmenopausal HR+/HER2− ad-
vanced BC remains complex and challenging. Additionally, 
increased use of AI therapy in the adjuvant setting has further 
complicated this situation.104 However, at the initiation of 
first‐line endocrine therapy, the hardest question is whether 
or not to use monotherapy or combination therapy. Both sin-
gle‐agent therapy (AI, tamoxifen, and fulvestrant) and the 
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combination of different agents (endocrine therapy plus other 
endocrine agent, or endocrine therapy in combination with a 
targeted agent) are reasonable alternatives.

Additionally, other first‐line treatment options include 
the combination of a CDK4/6 inhibitor, such as palboci-
clib, abemaciclib, or ribociclib, with an AI. Data from one 
phase II and three phase III clinical trials have demon-
strated that adding a CDK4/6 inhibitor (palbociclib or ri-
bociclib) to letrozole results in significant improvements 
in PFS vs an AI.41,99,100 Furthermore, recent evidence from 
the MONALEESA‐3 trial has also supported and empha-
sized on combining CDK4/6 inhibitor (ribociclib) with 
fulvestrant as a first‐line treatment option for HR+/HER2− 
advanced BC. In summary, results from the PALOMA‐3, 
MONARCH‐2, and MONALEESA‐3 trials have consis-
tently proven that the combination of CDK4/6 inhibitors 
with fulvestrant to be efficient in improving PFS in resis-
tant patients with relapse patients after first‐line endocrine 
therapy in advanced BC.

Fulvestrant monotherapy could also be a treatment option 
in low‐risk patients, with very limited, bone‐only, or with 
non‐visceral disease. Furthermore, fulvestrant monotherapy 
might be a choice for patients with comorbidities and for 
those unable to tolerate combination targeted therapy with 
an eventually higher rate of myelosuppression or in situations 
where targeted therapies are not available.4

9 |  FULVESTRANT AS SECOND‐
LINE THERAPY

Several treatment options exist for second‐line therapy: 
thus, single‐agent therapy (fulvestrant) and the combina-
tion of fulvestrant plus a targeted agent (mTOR or CDK 
4/6 inhibitor) could be considered. For second‐line mon-
otherapies, nonsteroidal AI exemestane and fulvestrant 
proved to be equally effective.105 The use of fulvestrant 
500 mg as monotherapy in second‐line treatment has been 
supported by the evidence provided by the CONFIRM 
study.24,25,106 Fulvestrant received a new indication in 
2016, 2017, and 201835,69,107 with the approval of the com-
bination with CDK 4/6 inhibitors, palbociclib, abemaci-
clib, and ribociclib based on PALOMA 3, MONARCH 2, 
and MONALEESA 3 trials, respectively.44,46,47 In pre/peri-
menopausal patients, palbociclib/abemaciclib plus fulves-
trant in combination with ovarian‐function suppression, is 
recommended.44,45Recently, results for the combination of 
fulvestrant plus everolimus became available108,109; how-
ever, the combination has not been approved and has not 
been introduced into clinical practice.

In summary, data on efficacy and tolerability support the 
use of the second‐line therapy fulvestrant as a monotherapy 
or in combination with the CDK4/6 inhibitors, abemaciclib, 

ribociclib, and palbociclib.46,47,64,69 In the context of the 
available treatment choices (eg, monotherapy or combina-
tion), decisions may be channeled considering the adverse 
event profiles of the drugs, patient performance status, co-
morbidities, and patient preferences.

10 |  CONCLUSION

Fulvestrant, with its unique mode of action, has showed ef-
ficacy in treating patients with HR+/HER2− advanced BC, 
alone or in combination with other endocrine agents or tar-
geted therapies. The combination of fulvestrant with other 
targeted therapies is emerging as a therapeutic choice for pa-
tients who need a well‐tolerated therapy, and it also offers a 
balance of efficacy, safety, and quality of life.

Fulvestrant monotherapy shows superior efficacy as first‐
line treatment option, especially in endocrine‐naïve cases, 
while combining fulvestrant with a CDK4/6 inhibitor could be 
the preferred treatment option in patients with prior exposure 
to an AI. Identifying biomarkers will lead to a more accurate 
selection of patients likely to benefit from fulvestrant monother-
apy or from existing combinations. Although well‐defined indi-
cations for fulvestrant in the therapeutic algorithm of advanced 
HR + BC does exist, the optimal position has not been clearly 
defined. Several research strategies to evaluate the potential of 
fulvestrant in advanced BC are ongoing.

ACKNOWLEDGMENT

Medical writing support under authors' direction was pro-
vided by Priyanka Bannikoppa, PhD and Anuradha Nalli, 
PhD (Indegene Pvt. Ltd., Bangalore) as funded by Astra 
Zeneca, China.

CONFLICT OF INTEREST

None declared.

ORCID

Zhimin Shao  https://orcid.org/0000-0002-4567-7635 

REFERENCES

 1. Sørlie T, Perou CM, Tibshirani R, et al. Gene expression patterns 
of breast carcinomas distinguish tumor subclasses with clinical 
implications. Proc. Natl Acad. Sci. U. S. A. 2001;98:10869‐10874.

 2. Dai X, Li T, Bai Z, et al. Breast cancer intrinsic subtype clas-
sification, clinical use and future trends. Am. J. Cancer Res. 
2015;5:2929‐2943.

 3. Setiawan VW, Monroe KR, Wilkens LR, et al. Breast cancer risk 
factors defined by estrogen and progesterone receptor status: the 
multiethnic cohort study. Am. J. Epidemiol. 2009;169:1251‐1259.

https://orcid.org/0000-0002-4567-7635
https://orcid.org/0000-0002-4567-7635


1954 |   LI et aL.

 4. Boér K. Fulvestrant in advanced breast cancer: evidence to date 
and place in therapy. Ther. Adv. Med. Oncol. 2017;9:465‐479.

 5. Rugo HS, Rumble RB, Macrae E, et al. Endocrine therapy for 
hormone receptor‐positive metastatic breast cancer: American 
Society of Clinical Oncology guideline. J. Clin. Oncol. 
2016;34:3069‐3103.

 6. Cardoso F, Costa A, Senkus E, et al. 3rd ESO‐ESMO interna-
tional consensus guidelines for Advanced Breast Cancer (ABC 3). 
Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2017;28:16‐33.

 7. Gradishar WJ, Anderson BO, Balassanian R, et al. Breast cancer, 
Version 4.2017, NCCN clinical practice guidelines in Oncology. 
J. Natl Compr. Cancer Netw. JNCCN. 2018;16:310‐320.

 8. Ciruelos E, Pascual T, Arroyo Vozmediano ML, et al. The ther-
apeutic role of fulvestrant in the management of patients with 
hormone receptor‐positive breast cancer. Breast Edinb. Scotl. 
2014;23:201‐208.

 9. Kümler I, Knoop AS, Jessing C, et al. Review of hormone‐based 
treatments in postmenopausal patients with advanced breast 
cancer focusing on aromatase inhibitors and fulvestrant. ESMO 
Open. 2016;1:e000062.

 10. National Cancer Institute‐Targeted Cancer Therapies Fact Sheet 
[Internet]. 2018. https://www.cancer.gov/about-cancer/treatment/
types/targeted-therapies/targeted-therapies-fact-sheet. Accessed 
March 7, 2018.

 11. Bross PF, Cohen MH, Williams GA, et al. FDA drug approval 
summaries: fulvestrant. Oncologist. 2002;7:477‐480.

 12. Robertson JF, Nicholson RI, Bundred NJ, et al. Comparison of 
the short‐term biological effects of 7alpha‐[9‐(4,4,5,5,5‐penta-
fluoropentylsulfinyl)‐nonyl]estra‐1,3,5, (10)‐triene‐3,17beta‐diol 
(Faslodex) versus tamoxifen in postmenopausal women with pri-
mary breast cancer. Cancer Res. 2001;61:6739‐6746.

 13. Robertson J, Harrison M. Fulvestrant: pharmacokinetics and 
pharmacology. Br. J. Cancer. 2004;90(Suppl 1):S7‐S10.

 14. Wakeling AE, Bowler J. Steroidal pure antioestrogens. J. 
Endocrinol. 1987;112:R7‐10.

 15. Wakeling AE, Dukes M, Bowler J. A potent specific pure anti-
estrogen with clinical potential. Cancer Res. 1991;51:3867‐3873.

 16. Zhang X, Diaz MR, Yee D. Fulvestrant regulates epidermal 
growth factor (EGF) family ligands to activate EGF receptor 
(EGFR) signaling in breast cancer cells. Breast Cancer Res. Treat. 
2013;139:351‐360.

 17. Osborne CK, Wakeling A, Nicholson RI. Fulvestrant: an oestro-
gen receptor antagonist with a novel mechanism of action. Br. J. 
Cancer. 2004;90:S2‐S6.

 18. Wakeling AE. Similarities and distinctions in the mode of action 
of different classes of antioestrogens. Endocr. Relat. Cancer. 
2000;7:17‐28.

 19. Howell A, Robertson J, Abram P, et al. Comparison of fulves-
trant versus tamoxifen for the treatment of advanced breast cancer 
in postmenopausal women previously untreated with endocrine 
therapy: a multinational, double‐blind, randomized trial. J. Clin. 
Oncol. Off. J. Am. Soc. Clin. Oncol. 2004;22:1605‐1613.

 20. Robertson J, Osborne CK, Howell A, et al. Fulvestrant versus 
anastrozole for the treatment of advanced breast carcinoma in 
postmenopausal women: a prospective combined analysis of two 
multicenter trials. Cancer. 2003;98:229‐238.

 21. Osborne CK, Pippen J, Jones SE, et al. Double‐blind, random-
ized trial comparing the efficacy and tolerability of fulvestrant 
versus anastrozole in postmenopausal women with advanced 

breast cancer progressing on prior endocrine therapy: results of a 
North American trial. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 
2002;20:3386‐3395.

 22. Ohno S, Rai Y, Iwata H, et al. Three dose regimens of fulves-
trant in postmenopausal Japanese women with advanced breast 
cancer: results from a double‐blind, phase II comparative 
study (FINDER1). Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 
2010;21:2342‐2347.

 23. Pritchard KI, Rolski J, Papai Z, et al. Results of a phase II study 
comparing three dosing regimens of fulvestrant in postmeno-
pausal women with advanced breast cancer (FINDER2). Breast 
Cancer Res. Treat. 2010;123:453‐461.

 24. Di Leo A, Jerusalem G, Petruzelka L, et al. Results of the 
CONFIRM phase III trial comparing fulvestrant 250 mg with 
fulvestrant 500 mg in postmenopausal women with estrogen re-
ceptor‐positive advanced breast cancer. J. Clin. Oncol. Off. J. Am. 
Soc. Clin. Oncol. 2010;28:4594‐4600.

 25. Di Leo A, Jerusalem G, Petruzelka L, et al. Final overall survival: 
fulvestrant 500 mg vs 250 mg in the randomized CONFIRM trial. 
J. Natl Cancer Inst. 2014;106:djt337.

 26. Di Leo A, Jerusalem G, Torres R, et al. First‐line vs second‐line 
fulvestrant for hormone receptor‐positive advanced breast cancer: 
A post‐hoc analysis of the CONFIRM study. Breast Edinb. Scotl. 
2018;38:144‐149.

 27. Robertson J, Llombart‐Cussac A, Rolski J, et al. Activity of ful-
vestrant 500 mg versus anastrozole 1 mg as first‐line treatment 
for advanced breast cancer: results from the FIRST study. J. Clin. 
Oncol. Off. J. Am. Soc. Clin. Oncol. 2009;27:4530‐4535.

 28. Robertson J, Lindemann J, Llombart‐Cussac A, et al. Fulvestrant 
500 mg versus anastrozole 1 mg for the first‐line treatment of 
advanced breast cancer: follow‐up analysis from the randomized 
“FIRST” study. Breast Cancer Res. Treat. 2012;136:503‐511.

 29. Ellis MJ, Llombart‐Cussac A, Feltl D, et al. Fulvestrant 500 mg 
versus Anastrozole 1 mg for the first‐line treatment of advanced 
breast cancer: overall survival analysis from the phase II FIRST 
study. J. Clin. Oncol. 2015;33:3781‐3787.

 30. Ellis MJ, Bondarenko I, Trishkina E, et al. FALCON A phase 
III randomised trial of fulvestrant 500 mg vs. anastrozole for 
hormone receptor‐positive advanced breast cancer. Ann. Oncol. 
[Internet]. 2016;27. http://academic.oup.com/annonc/article/
doi/10.1093/annonc/mdw435.04/2800512/FALCON-A-phase-
III-randomised-trial-of-fulvestrant. Accessed March 6, 2018.

 31. Robertson J, Bondarenko IM, Trishkina E, et al. Fulvestrant 
500 mg versus anastrozole 1 mg for hormone receptor‐pos-
itive advanced breast cancer (FALCON): an international, 
randomised, double‐blind, phase 3 trial. Lancet Lond. Engl. 
2016;388:2997‐3005.

 32. Kuter I, Gee J, Hegg R, et al. Dose‐dependent change in biomark-
ers during neoadjuvant endocrine therapy with fulvestrant: results 
from NEWEST, a randomized Phase II study. Breast Cancer Res. 
Treat. 2012;133:237‐246.

 33. Robertson J. Fulvestrant (Faslodex) – how to make a good drug 
better. Oncologist. 2007;12:774‐784.

 34. EMA. Faslodex. Product information, http://www.ema.europa.
eu/docs/en_GB/ document_library/EPAR_Product_Information/ 
human/000540/WC500021174.pdf.

 35. FDA Approves New Indication for Breast Cancer 
Drug Fulvestrant (Faslodex) Fulvestrant/palbociclib 
combo improves survival [Internet]. 2016. https://www.

https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet
https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet
http://academic.oup.com/annonc/article/doi/10.1093/annonc/mdw435.04/2800512/FALCON-A-phase-III-randomised-trial-of-fulvestrant
http://academic.oup.com/annonc/article/doi/10.1093/annonc/mdw435.04/2800512/FALCON-A-phase-III-randomised-trial-of-fulvestrant
http://academic.oup.com/annonc/article/doi/10.1093/annonc/mdw435.04/2800512/FALCON-A-phase-III-randomised-trial-of-fulvestrant
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Product_Information/ human/000540/WC500021174.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Product_Information/ human/000540/WC500021174.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Product_Information/ human/000540/WC500021174.pdf
https://www.ptcommunity.com/news/2016-03-03-000000/fda-approves-new-indication-breast-cancer-drug-fulvestrant-faslodex


   | 1955LI et aL.

ptcommuni ty.com/news/2016-03-03-000000/ fda-ap-
proves-new-indication-breast-cancer-drug-fulvestrant-faslodex. 
Accessed March 7, 2018.

 36. Fulvestrant ‐ AstraZeneca [Internet]. 2018. https://adisinsight.
springer.com/drugs/800000789.

 37. Jeselsohn R, Barry WT, Migliaccio I, et al. Identification of a ge-
netic signature of response to fulvestrant in advanced hormone re-
ceptor‐positive breast cancer. Clin. Cancer Res. Off. J. Am. Assoc. 
Cancer Res. 2016;22:5755‐5764.

 38. Fribbens C, O’Leary B, Kilburn L, et al. Plasma ESR1 muta-
tions and the treatment of estrogen receptor‐positive advanced 
breast cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 
2016;34:2961‐2968.

 39. Du Y, Li N, Jiao X, et al. The predictive ability of plasma ESR1 
mutations for the efficacy of endocrine therapy in hormone‐re-
ceptor‐positive advanced breast cancer. OncoTargets Ther. 
2018;11:6023‐6029.

 40. Bergh J, Jönsson P‐E, Lidbrink EK, et al. FACT: an open‐label 
randomized phase III study of fulvestrant and anastrozole in 
combination compared with anastrozole alone as first‐line 
therapy for patients with receptor‐positive postmenopausal 
breast cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 
2012;30:1919‐1925.

 41. Mehta RS, Barlow WE, Albain KS, et al. Combination anastro-
zole and fulvestrant in metastatic breast cancer. N. Engl. J. Med. 
2012;367:435‐444.

 42. Hertz DL, Barlow WE, Kidwell KM, et al. Fulvestrant decreases 
anastrozole drug concentrations when taken concurrently by 
patients with metastatic breast cancer treated on SWOG study 
S0226. Br. J. Clin. Pharmacol. 2016;81:1134‐1141.

 43. Johnston S, Kilburn LS, Ellis P, et al. Fulvestrant plus anastrozole 
or placebo versus exemestane alone after progression on non‐
steroidal aromatase inhibitors in postmenopausal patients with 
hormone‐receptor‐positive locally advanced or metastatic breast 
cancer (SoFEA): a composite, multicentre, phase 3 randomised 
trial. Lancet Oncol. 2013;14:989‐998.

 44. Cristofanilli M, Turner NC, Bondarenko I, et al. Fulvestrant plus 
palbociclib versus fulvestrant plus placebo for treatment of hor-
mone‐receptor‐positive, HER2‐negative metastatic breast cancer 
that progressed on previous endocrine therapy (PALOMA‐3): 
final analysis of the multicentre, double‐blind, phase 3 ran-
domised controlled trial. Lancet Oncol. 2016;17:425‐439.

 45. Turner NC, Ro J, André F, et al. Palbociclib in hormone‐re-
ceptor‐positive advanced breast cancer. N. Engl. J. Med. 
2015;373:209‐219.

 46. Sledge GW, Toi M, Neven P, et al. MONARCH 2: Abemaciclib 
in combination with fulvestrant in women with HR+/HER2− 
advanced breast cancer who had progressed while receiving 
endocrine therapy. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 
2017;35:2875‐2884.

 47. Slamon DJ, Neven P, Chia S, et al. Phase III randomized study of 
Ribociclib and Fulvestrant in hormone receptor‐positive, human 
epidermal growth factor receptor 2–negative advanced breast can-
cer: MONALEESA‐3. J. Clin. Oncol. 2018;JCO.2018.78.990.

 48. Kornblum N, Manola J, Klien P, et al. A randomized, double‐
blind, phase II trial of fulvestrant plus everolimus or placebo in 
post‐menopausal women with hormone receptor (HR)‐positive, 
HER2‐negative metastatic breast cancer (MBC) resistant to aro-
matase inhibitor (AI) therapy.2016.

 49. Baselga J, Cortés J, DeLaurentiis M, et al. Phase III study of the 
PI3‐kinase (PI3K) inhibitor taselisib (GDC‐0032) plus fulvestrant 
in patients (pts) with estrogen receptor (ER)‐positive, HER2‐neg-
ative locally advanced or metastatic breast cancer (BC) enriched 
for pts with PIK3CA‐mutant tumors. J. Clin. Oncol. 2017;35:TPS
1119‐TPS1119.

 50. Baselga J, Im S‐A, Iwata H, et al. Buparlisib plus fulvestrant ver-
sus placebo plus fulvestrant in postmenopausal, hormone recep-
tor‐positive, HER2‐negative, advanced breast cancer (BELLE‐2): 
a randomised, double‐blind, placebo‐controlled, phase 3 trial. 
Lancet Oncol. 2017;18:904‐916.

 51. Krop IE, Mayer IA, Ganju V, et al. Pictilisib for oestrogen recep-
tor‐positive, aromatase inhibitor‐resistant, advanced or metastatic 
breast cancer (FERGI): a randomised, double‐blind, placebo‐con-
trolled, phase 2 trial. Lancet Oncol. 2016;17:811‐821.

 52. Di Leo A, Seok Lee K, Circuelos E. BELLE‐3: A Phase III study 
of buparlisib + fulvestrant in postmenopausal women with HR+, 
HER2−, aromatase inhibitor‐treated, locally advanced or meta-
static breast cancer, who progressed on or after mTOR inhibitor‐
based treatment. 2015 San Antonio Breast Cancer Symposium, 
San Antonio, TX, US; 2015.

 53. Martín M, Loibl S, von Minckwitz G, et al. Phase III trial evaluat-
ing the addition of bevacizumab to endocrine therapy as first‐line 
treatment for advanced breast cancer: the letrozole/fulvestrant and 
avastin (LEA) study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 
2015;33:1045‐1052.

 54. Burstein HJ, Cirrincione CT, Barry WT, et al. Endocrine therapy 
with or without inhibition of epidermal growth factor receptor 
and human epidermal growth factor receptor 2: a randomized, 
double‐blind, placebo‐controlled phase III trial of fulvestrant 
with or without lapatinib for postmenopausal women with hor-
mone receptor‐positive advanced breast cancer—CALGB 40302 
(Alliance). J. Clin. Oncol. 2014;32:3959‐3966.

 55. Robertson J, Ferrero J‐M, Bourgeois H, et al. Ganitumab with 
either exemestane or fulvestrant for postmenopausal women 
with advanced, hormone‐receptor‐positive breast cancer: a ran-
domised, controlled, double‐blind, phase 2 trial. Lancet Oncol. 
2013;14:228‐235.

 56. Poggio F, Lambertini M, Blondeaux E, et al. Role of fulvestrant in 
the treatment of postmenopausal metastatic breast cancer patients. 
Expert Rev. Clin. Pharmacol. 2016;9:1153‐1161.

 57. Pritchard KI, Chia SK, Simmons C, et al. Enhancing endo-
crine therapy combination strategies for the treatment of post-
menopausal HR+/HER2− advanced breast cancer. Oncologist. 
2017;22:12‐24.

 58. Peter S. Endocrine therapeutic strategies for patients with hor-
mone receptor‐positive advanced breast cancer. Breast Cancer. 
2017;13:127‐133.

 59. Ladd B, Mazzola AM, Bihani T, et al. Effective combination ther-
apies in preclinical endocrine resistant breast cancer models har-
boring ER mutations. Oncotarget [Internet]. 2016;7. http://www.
oncotarget.com/fulltext/10852. Accessed March 6, 2018.

 60. Finn RS, Crown JP, Lang I, et al. The cyclin‐dependent kinase 4/6 
inhibitor palbociclib in combination with letrozole versus letro-
zole alone as first‐line treatment of oestrogen receptor‐positive, 
HER2‐negative, advanced breast cancer (PALOMA‐1/TRIO‐18): 
a randomised phase 2 study. Lancet Oncol. 2015;16:25‐35.

 61. Piccart M, Hortobagyi GN, Campone M, et al. Everolimus plus 
exemestane for hormone‐receptor‐positive, human epidermal 

https://www.ptcommunity.com/news/2016-03-03-000000/fda-approves-new-indication-breast-cancer-drug-fulvestrant-faslodex
https://www.ptcommunity.com/news/2016-03-03-000000/fda-approves-new-indication-breast-cancer-drug-fulvestrant-faslodex
https://adisinsight.springer.com/drugs/800000789
https://adisinsight.springer.com/drugs/800000789
http://www.oncotarget.com/fulltext/10852
http://www.oncotarget.com/fulltext/10852


1956 |   LI et aL.

growth factor receptor‐2‐negative advanced breast cancer: overall 
survival results from BOLERO‐2†. Ann. Oncol. Off. J. Eur. Soc. 
Med. Oncol. 2014;25:2357‐2362.

 62. Beaver JA, Park BH. The BOLERO‐2 trial: the addition of evero-
limus to exemestane in the treatment of postmenopausal hormone 
receptor‐positive advanced breast cancer. Future Oncol. Lond. 
Engl. 2012;8:651‐657.

 63. Verma S, Bartlett CH, Schnell P, et al. Palbociclib in combina-
tion with fulvestrant in women with hormone receptor‐positive/
HER2‐negative advanced metastatic breast cancer: detailed safety 
analysis from a multicenter, randomized, placebo‐controlled, 
phase III study (PALOMA‐3). Oncologist. 2016;21:1165‐1175.

 64. Turner NC, Ro J, Andre F, et al. PALOMA3: A double‐blind, 
phase III trial of fulvestrant with or without palbociclib in pre‐ 
and post‐menopausal women with hormone receptor‐positive, 
HER2‐negative metastatic breast cancer that progressed on prior 
endocrine therapy. J. Clin. Oncol. 2015;33:LBA502‐LBA502.

 65. Turner NC, Slamon DJ, Ro J, et al. Overall survival with palbo-
ciclib and fulvestrant in advanced breast cancer. N. Engl. J. Med. 
2018;379:1926‐1936.

 66. EMA. Faslodex. Injection label, Available from http:// www.
accessdata.fda.gov/drugsatfda_docs/ label/2016/021344s029lbl.
pdf.

 67. European Commission. Pharmaceuticals—Community Register 
[Internet]. http://ec.europa.eu/health/documents/community-reg-
ister/html/h269.htm.

 68. Gelbert LM, Cai S, Lin Xi, et al. Preclinical characterization of 
the CDK4/6 inhibitor LY2835219: in‐vivo cell cycle‐dependent/
independent anti‐tumor activities alone/in combination with gem-
citabine. Invest. New Drugs. 2014;32:825‐837.

 69. FDA expands ribociclib indication in HR‐positive, HER2‐nega-
tive advanced or metastatic breast cancer [Internet]. 2018. FDA 
expands ribociclib indication in HR‐positive, HER2‐negative ad-
vanced or metastatic breast cancer.

 70. Deng L, Chen J, Zhong XR, et al. Correlation between activation 
of PI3K/AKT/mTOR pathway and prognosis of breast cancer in 
Chinese women. PLoS ONE. 2015;10:e0120511.

 71. Baselga J. Targeting the Phosphoinositide‐3 (PI3) kinase pathway 
in breast cancer. Oncologist. 2011;16:12‐19.

 72. Pereira B, Chin S‐F, Rueda OM, et al. The somatic mutation pro-
files of 2,433 breast cancers refines their genomic and transcrip-
tomic landscapes. Nat. Commun. 2016;7:11479.

 73. Di Leo A, Johnston S, Lee KS, et al. Buparlisib plus fulvestrant in 
postmenopausal women with hormone‐receptor‐positive, HER2‐
negative, advanced breast cancer progressing on or after mTOR 
inhibition (BELLE‐3): a randomised, double‐blind, placebo‐con-
trolled, phase 3 trial. Lancet Oncol. 2018;19:87‐100.

 74. Baselga J, Dent SF, Cortés J, et al. Phase III study of taselisib 
(GDC‐0032) + fulvestrant (FULV) v FULV in patients (pts) with 
estrogen receptor (ER)‐positive, PIK3CA ‐mutant (MUT), locally 
advanced or metastatic breast cancer (MBC): Primary analysis 
from SANDPIPER. J. Clin. Oncol. 2018;36:LBA1006‐LBA1006.

 75. Roche: HY 2018 results [Internet]. Basel; 2018. https://www.
roche.com/dam/jcr:ccc67562-2397-47fa-a77c-ed7bbd05a51c/en/
irp180726.pdf.

 76. Juric D, Rodon J, Tabernero J, et al. Phosphatidylinositol 3‐ki-
nase α‐selective inhibition with Alpelisib (BYL719) in PIK3CA‐
altered solid tumors: results from the first‐in‐human study. J. Clin. 
Oncol. 2018;36:1291‐1299.

 77. Juric D, Janku F, Rodón J, et al. Alpelisib plus fulvestrant in 
PIK3CA‐altered and PIK3CA‐wild‐type estrogen receptor‐pos-
itive advanced breast cancer: a phase 1b clinical trial. JAMA 
Oncol. 2018;e184475.

 78. Mayer IA, Abramson VG, Formisano L, et al. Phase Ib study of 
Alpelisib (BYL719), a PI3Kα‐specific inhibitor, with letrozole in 
ER+/HER2− metastatic breast cancer. Clin. Cancer Res. Off. J. 
Am. Assoc. Cancer Res. 2017;23:26‐34.

 79. ESMO 2018: SOLAR‐1: alpelisib in patients with PIK3CA‐
mutated HR‐positive, HER2‐negative advanced breast can-
cer [Internet]. 2018. http://www.ascopost.com/News/59389. 
Accessed January 28, 2019.

 80. LoPiccolo J, Blumenthal GM, Bernstein WB, et al. Targeting the 
PI3K/Akt/mTOR pathway: effective combinations and clinical 
considerations. Drug Resist. Updat. Rev. Comment. Antimicrob. 
Anticancer Chemother. 2008;11:32‐50.

 81. Kornblum N, Zhao F, Manola J, et al. Randomized phase II trial of 
fulvestrant plus everolimus or placebo in postmenopausal women 
with hormone receptor‐positive, human epidermal growth factor 
receptor 2‐negative metastatic breast cancer resistant to aromatase 
inhibitor therapy: results of PrE0102. J. Clin. Oncol. Off. J. Am. 
Soc. Clin. Oncol. 2018;36:1556‐1563.

 82. Rugo HS, Campone M, Gnant M, et al. BOLERO‐2: efficacy and 
safety of first‐line everolimus plus exemestane in advanced breast 
cancer. J. Clin. Oncol. 2013;31:152‐152.

 83. Schmid P, Zaiss M, Harper-Wyne C, et al. MANTA ‐ A random-
ized phase II study of fulvestrant in combination with the dual 
mTOR inhibitor AZD2014 or everolimus or fulvestrant alone 
in estrogen receptor‐positive advanced or metastatic breast can-
cer. Proc. 2017 San Antonio Breast Cancer Symp. San ANtonio; 
2017.

 84. Sainsbury JR, Farndon JR, Needham GK, et al. Epidermal‐growth‐
factor receptor status as predictor of early recurrence of and death 
from breast cancer. Lancet Lond. Engl. 1987;1:1398‐1402.

 85. Tsutsui S, Ohno S, Murakami S, et al. Prognostic value of epider-
mal growth factor receptor (EGFR) and its relationship to the es-
trogen receptor status in 1029 patients with breast cancer. Breast 
Cancer Res. Treat. 2002;71:67‐75.

 86. Witton CJ, Reeves JR, Going JJ, Cooke TG, Bartlett J. Expression 
of the HER1‐4 family of receptor tyrosine kinases in breast can-
cer. J. Pathol. 2003;200:290‐297.

 87. Clemons MJ, Cochrane B, Pond GR, et al. Randomised, phase 
II, placebo‐controlled, trial of fulvestrant plus vandetanib in 
postmenopausal women with bone only or bone predominant, 
hormone‐receptor‐positive metastatic breast cancer (MBC): 
the OCOG ZAMBONEY study. Breast Cancer Res. Treat. 
2014;146:153‐162.

 88. Turashvili G, Brogi E. Tumor heterogeneity in breast cancer. 
Front. Med. [Internet]. 2017;4. http://journal.frontiersin.org/arti-
cle/10.3389/fmed.2017.00227/full. Accessed March 7, 2018.

 89. Bay B‐H, Yip GW‐C. Breast cancer prognostic biomarkers. 
In: Schwab M ed. Encyclopedia of Cancer [Internet]. Berlin, 
Heidelberg: Springer; 2011:533–537. http://link.springer.
com/10.1007/978-3-642-16483-5_6600. Accessed March 27, 
2018.

 90. Faslodex: Dosing and Administration [Internet]. 2018. https://
www.faslodexhcp.com/fulvestrant-dosing.html.

 91. Reinert T, Saad ED, Barrios CH, et al. Clinical implications of 
ESR1 mutations in hormone receptor‐positive advanced breast 

http://www.accessdata.fda.gov/drugsatfda_docs/ label/2016/021344s029lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/ label/2016/021344s029lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/ label/2016/021344s029lbl.pdf
http://ec.europa.eu/health/documents/community-register/html/h269.htm
http://ec.europa.eu/health/documents/community-register/html/h269.htm
https://www.roche.com/dam/jcr:ccc67562-2397-47fa-a77c-ed7bbd05a51c/en/irp180726.pdf
https://www.roche.com/dam/jcr:ccc67562-2397-47fa-a77c-ed7bbd05a51c/en/irp180726.pdf
https://www.roche.com/dam/jcr:ccc67562-2397-47fa-a77c-ed7bbd05a51c/en/irp180726.pdf
http://www.ascopost.com/News/59389
http://journal.frontiersin.org/article/10.3389/fmed.2017.00227/full
http://journal.frontiersin.org/article/10.3389/fmed.2017.00227/full
http://link.springer.com/10.1007/978-3-642-16483-5_6600
http://link.springer.com/10.1007/978-3-642-16483-5_6600
https://www.faslodexhcp.com/fulvestrant-dosing.html
https://www.faslodexhcp.com/fulvestrant-dosing.html


   | 1957LI et aL.

cancer. Front. Oncol. [Internet]. 2017:7. http://journal.frontier-
sin.org/article/10.3389/fonc.2017.00026/full. Accessed March 7, 
2018.

 92. Finn RS, Dering J, Conklin D, et al. PD 0332991, a selective cy-
clin D kinase 4/6 inhibitor, preferentially inhibits proliferation of 
luminal estrogen receptor‐positive human breast cancer cell lines 
in vitro. Breast Cancer Res. BCR. 2009;11:R77.

 93. Lippman ME, Allegra JC. Lack of estrogen receptor associated 
with an increased response rate to cytotoxic chemotherapy in 
metastatic breast cancer? Recent Results Cancer Res. Fortschritte 
Krebsforsch. Progres Dans Rech. Sur. Cancer. 1980;71:155‐161.

 94. Robertson J, Steger G, Neven P. Activity of fulvestrant in HER2+ 
advanced breast cancer: updated. Analysis. 2008.

 95. Angus L, Beije N, Jager A, et al. ESR1 mutations: moving to-
wards guiding treatment decision‐making in metastatic breast 
cancer patients. Cancer Treat. Rev. 2017;52:33‐40.

 96. Robinson DR, Wu Y‐M, Vats P, et al. Activating ESR1 muta-
tions in hormone‐resistant metastatic breast cancer. Nat. Genet. 
2013;45:1446‐1451.

 97. Toy W, Shen Y, Won H, et al. ESR1 ligand‐binding domain 
mutations in hormone‐resistant breast cancer. Nat. Genet. 
2013;45:1439‐1445.

 98. Spoerke JM, Gendreau S, Walter K, et al. Heterogeneity and 
clinical significance of ESR1 mutations in ER‐positive meta-
static breast cancer patients receiving fulvestrant. Nat. Commun. 
2016;7:11579.

 99. Hortobagyi GN, Stemmer SM, Burris HA, et al. Ribociclib as 
first‐line therapy for HR‐positive, advanced breast cancer. N. 
Engl. J. Med. 2016;375:1738‐1748.

 100. Finn RS, Martin M, Rugo HS, et al. Palbociclib and Letrozole in 
advanced breast cancer. N. Engl. J. Med. 2016;375:1925‐1936.

 101. Goetz MP, Toi M, Campone M, et al. MONARCH 3: abemaciclib 
as initial therapy for advanced breast cancer. J. Clin. Oncol. Off. 
J. Am. Soc. Clin. Oncol. 2017;35:3638‐3646.

 102. National Comprehensive Cancer Network. NCCN Clinical 
Practice Guidelines in Oncology. [Internet]. Report No.: Breast 
cancer, version 4.2017. http://www.nccn.org.

 103. Ma CX, Sanchez CG, Ellis MJ. Predicting endocrine ther-
apy responsiveness in breast cancer. Oncol. Williston Park N. 
2009;23:133‐142.

 104. Dixon JM, Love CD, Renshaw L, et al. Lessons from the use of 
aromatase inhibitors in the neoadjuvant setting. Endocr. Relat. 
Cancer. 1999;6:227‐230.

 105. Chia S, Gradishar W, Mauriac L, et al. Double‐blind, randomized 
placebo controlled trial of fulvestrant compared with exemestane 
after prior nonsteroidal aromatase inhibitor therapy in postmeno-
pausal women with hormone receptor‐positive, advanced breast 
cancer: results from EFECT. J. Clin. Oncol. Off. J. Am. Soc. Clin. 
Oncol. 2008;26:1664‐1670.

 106. Leo AD, Jerusalem G, Petruzelka L, et al. Survival: Fulvestrant 
500 mg vs 250 mg in the randomized CONFIRM. Trial. JNCI J. 
Natl Cancer Inst. 2014;106:djt337‐djt337.

 107. FDA approves abemaciclib for HR‐positive, HER2‐negative 
breast cancer [Internet]. 2017. https://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm578081.htm.

 108. Massarweh S, Romond E, Black EP, et al. A phase II study of 
combined fulvestrant and everolimus in patients with metastatic 
estrogen receptor (ER)‐positive breast cancer after aromatase in-
hibitor (AI) failure. Breast Cancer Res. Treat. 2014;143:325‐332.

 109. Sun B, Ding L, Wu S, et al. Combined treatment with everolimus 
and fulvestrant reversed anti‐HER2 resistance in a patient with re-
fractory advanced breast cancer: a case report. OncoTargets Ther. 
2016;9:3997‐4003.

How to cite this article: Li J, Wang Z, Shao Z. 
Fulvestrant in the treatment of hormone receptor‐
positive/human epidermal growth factor receptor 2‐
negative advanced breast cancer: A review. Cancer 
Med. 2019;8:1943–1957. https://doi.org/10.1002/
cam4.2095

http://journal.frontiersin.org/article/10.3389/fonc.2017.00026/full
http://journal.frontiersin.org/article/10.3389/fonc.2017.00026/full
http://www.nccn.org
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm578081.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm578081.htm
https://doi.org/10.1002/cam4.2095
https://doi.org/10.1002/cam4.2095

