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ESR1 Mutations in 
HR-positive Breast Cancer 

INTRODUCTION
Breast cancer (BC) is one of the most prevalent cancers in women 
in the United States, with an estimated 281,550 new cases and 
43,600 associated deaths reported in 2021.1 Approximately 80% 
of BC cases are classified as hormone receptor–positive (HR+), 
expressing the estrogen receptor (ER) and/or progesterone 
receptor.2 For women with ER-positive (ER+) BC that does not 
express HER2, currently recommended treatment involves 
endocrine therapy, which includes the selective estrogen receptor 
modulators (SERMs) (eg, tamoxifen), aromatase inhibitors (AIs) 
(eg, anastrozole, letrozole, and exemestane), and selective estrogen 
receptor degraders (SERDs) (eg, fulvestrant).3 Postmenopausal ER+ 
metastatic BC (mBC) treatment may also include endocrine therapy 
in combination with targeted agents, including CDK4/6, mTOR, and 
PIK3CA inhibitors.3

In the adjuvant setting, endocrine therapy with tamoxifen reduces 
15-year mortality rates by about 30%, while aromatase inhibitors 
AIs reduce 10-year mortality by about 40%.4,5 Despite the benefits 
of tamoxifen, the majority of patients with metastatic disease and 
30% to 40% of patients who receive tamoxifen will relapse and/or die 
from the disease.6,7 One of the mechanisms of resistance in ER+ BC 
is the acquisition of somatic mutations in ESR1. These mutations are 
present in up to 36% of patients with HR+ mBC (95% of whom received 
prior AI therapy); this renders the receptor constitutively active 
despite endocrine inhibition and plays a critical role in resistance and 
disease progression in many patients.8,9 The current report outlines 
the latest information on ESR1 mutations in BC, the impact of mutated 
ESR1 on BC recurrence and disease progression, and the clinical 
management of these patients. 

THE ROLE OF THE ESTROGEN RECEPTOR IN BC
Estrogen Receptor Function
The ESR1 gene on chromosome 6 codes for ERα, one of 2 isoforms 
(ERα and Erβ) that, once activated via estrogen binding, dimerize 
to form an ER complex. This complex is translocated to the nucleus, 
where DNA interactions occur; this induces transcriptional changes 
in estrogen-responsive genes.10,11 ERα and ERβ share 56% homology 
in their ligand-binding domains (LBDs) and 96% homology in their 
DNA-binding domains (DBDs); they bind to the same hormone 
response element on DNA, but they have distinct biological roles.12

The role of ERβ in normal cellular function remains to be fully 
identified, but ERβ may protect against inflammatory processes in 
the colon by modulating NFκB signaling, immune cell infiltration, 
and/or microbiota composition.13-15 By contrast, ERα is associated 
with the growth and proliferation of normal and tumorigenic 
breast epithelial cells; it is expressed in about 10% of normal breast 
epithelial cells compared with about 80% of breast tumors.2,16,17 

In addition to acting as a key driver of tumorigenesis in breast 
and uterine cancer, ERα expression contributes to a variety of 
physiological processes, including the growth and physiology of 
the reproductive system, the preservation of bone mass, and the 
functioning of the cardiovascular and nervous systems.17
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AF1, activation function 1; AF2, activation function 2; DBD, DNA-binding domain; ERα, estrogen receptor α; LBD, ligand-binding domain.

Figure. ESR1 Gene and ERα Point Mutations6,21,22
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ERα Activation 
ERα is inactive when located in the cytosol and is 
stabilized by chaperone proteins, including HSP90 
and HSP70. When estradiol binds to the LBD, 
conformational changes cause the dissociation of 
the chaperone proteins, allowing ER dimerization 
and translocation to the nucleus. In the nucleus, 
the receptor acts as a transcription factor at the 
estrogen-responsive element (ERE), binding DNA and 
activating various proliferative signaling cascades 
that include survival and cell cycle progression 
and downregulating proapoptotic genes.18,19 ERα 
also has an ERE-independent genomic action as 
well as a ligand-independent ERα activation via 
phosphorylation of the AF-1 domain, which can induce 
endocrine resistance.20 

Identification of ESR1 Mutations
ESR1 mutations were first identified in BC in 1997; in 
2013, the genomic sequencing of mBC was established 
and their role in resistance to endocrine therapy 
was confirmed.21-23 Specifically, mutations develop 
in the LBD of the ESR1 gene (Figure); these include 
highly recurrent mutations encoding Tyr537Ser, 
Tyr537Asn, and Asp538Gly alterations.6,21,22 These 
mutations, in turn, drive ERα-dependent transcription 
and proliferation and reduce the efficacy of 
endocrine therapy.22,23

TYPES OF ALTERATIONS IN ESR1
Alterations in ESR1 that can lead to treatment 
resistance and metastasis of ER+ BC include point 
mutations, amplification, and fusion events.6

Point mutations
One of the first point mutations, identified in 
experimental BC models and human tumors, 
resulted in a substitution of tyrosine to serine at 
position 537 (Y537S) in the LBD and conferred a 
constitutive, ligand-independent activity of ER.21,24 
In a subsequent next-generation sequencing (NGS) 
study (NCT00897702) of ER+, endocrine-resistant BC 
samples identified 3 ESR1 mutations (Y537S, Y537N, 
and D538G) within the LBD that also demonstrated 
ER activation in the absence of ligand.22 Of note, these 
alterations were not detected in matched primary 
samples or in separate large sets of treatment-naive 
patients, suggesting that these mutations are acquired 
after treatment with endocrine therapy.22

Amplification
Amplification refers to an increase in the gene copy 
number of part of a chromosome, which, in turn, can 
drive protein overexpression and increase biologic 
effects, such as drug resistance.25 In 2007, Holst 
and colleagues identified ESR1 gene amplification 
in about 20% of more than 2000 breast tumors 
sampled, of which 76.6% were ER+.26 In addition, 
99% of tumors with ESR1 amplification showed ESR1 
protein overexpression. A retrospective analysis by 
the same researchers, which included 175 patients 
who had received adjuvant tamoxifen, showed that 
survival was significantly longer in patients with 
ESR1 amplification vs those with ER+ cancers without 
amplification (P = .02).26

However, the prognostic aspects of ESR1 
amplification are conflicting. Some studies, such 
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as the one by Holst and colleagues, have identified 
cancers with amplifications that might respond 
well to hormonal therapy.26,27 In addition, a recent 
analysis of samples from the ABCSG-06 phase 3 
study (NCT00309491) of postmenopausal women with 
endocrine-responsive early-stage BC who were treated 
with adjuvant tamoxifen for 5 years suggested that 
ESR1 amplification may be an independent predictor 
for long-term distant recurrence-free and BC-specific 
survival in that setting.28 However, the results of 
other studies suggest that ESR1 amplification may 
contribute to drug resistance; thus, further study 
is needed regarding the prognostic role of ESR1 
amplification.6,29 

ESR1 Fusions
Compared with information on point mutations 
and amplifications, less data exist regarding the 
prognostic implications of ESR1 fusions.6 In a study 
of ER+ tumors, 4% were found to contain recurrent 
fusion transcripts involving the first 2 noncoding 
exons of ESR1 fused to various C-termini sequences 
from CCDC170 compared to none in paired normal 
breast tissue.30 Furthermore, the data supported 
the association of ESR1-CCDC170 with the more 
aggressive luminal B subtype.30 A further analysis 
suggested that these fusion transcripts generate 
truncated forms of CCDC170 proteins, which, 
when exogenously expressed in ER+ BC cells, lead 
to enhanced growth and reduced sensitivity to 
tamoxifen.30 Together, these data suggest a role for 
the ESR1-CCDC170 fusion in endocrine therapy 
resistance. In a recent NGS study of nearly 10,000 
BC samples, pathogenic or likely pathogenic ESR1 
gene fusions, including 40 unique fusion partners, 
were detected in 1.6% of samples.31 The effect of these 
fusion partners on treatment resistance and disease 
progression remains an area of active investigation.

ESR1 MUTATIONS AND RESISTANCE  
TO ENDOCRINE THERAPY
The 3 classes of endocrine therapy—AIs, SERMs, 
and SERDs—have distinct mechanisms of action 
that affect the impact of ESR1 mutations on 
response to treatment.32 AIs inhibit the synthesis 
of estrogen, whereas SERMs (eg, tamoxifen) alter 
ESR1 binding partners and transactivation ability, 
and SERDs (eg, fulvestrant) inhibit ESR1 activity 
and proteolytic stability. A key advantage of SERDs 
is that therapeutic effects can be retained even 
after the acquisition of ligand-binding domain 
mutations in ESR1.32

AI therapy in mBC can result in the acquisition 
of ESR1 mutations, which may lead to subsequent 
progression and poor prognosis. One study 
(NCT02473120) of 144 patients with mBC found 
that at the time of progression, approximately 30.6% 
of patients (n = 44) treated with an AI had at least 

1 ESR1 mutation.33 The D538G and Y537S point 
mutations were the 2 most frequent. The study also 
reported that progression-free survival (PFS) was 
lower for patients with ESR1-mutated mBC treated 
with AIs compared with those having mBC without 
ESR1 mutations (5.9 vs 7.0 months) (hazard ratio, 1.7; 
95% CI, 1.1-2.5; P =.002).33 A more recent analysis 
(n = 104) found that circulating ESR1 mutations 
were associated with a 4.9-fold increase at 3 months 
in the risk of early disease progression with AI 
treatment in HR+ mBC compared to patients without 
detectable ESR1 mutations.34 Current guidelines for 
ESR1-mutated mBC recommend use of fulvestrant in 
combination with a CDK4/6 inhibitor or an change to 
mTOR inhibitor.³ Alpelisib is recommended in tumors 
that harbor a PIK3CA mutation. 

In contrast to mBC that has progressed on endocrine 
therapy, ESR1 mutations in primary BC are rare. One 
study (NCT02306096) found that approximately 30 
out of 3217 patients (0.9%) with previously untreated 
primary BC had ESR1 mutations.35 Of those 30 
patients, 29 had ER+ disease. The presence of ESR1 
mutations were associated with shorter relapse-free 
survival (hazard ratio, 3.0; 95% CI, 1.56-5.88; P <.001) 
and overall survival (hazard ratio, 2.51; 95% CI, 1.24-
5.07; P =.008) in response to endocrine therapy as 
well as eventual resistance to endocrine therapy; this 
suggests that ESR1 screening should be considered in 
patients with ER+ primary BC and those with ESR1-
mutated disease.35

DETECTING AND MONITORING ESR1 MUTATIONS
The predictive value of monitoring ESR1 mutations 
was evaluated in the phase 3 PADA-1 trial 
(NCT03079011).36 In all, 1017 patients receiving an 
AI and palbociclib as first-line treatment for HR+, 
HER2-negative (HER2-) mBC were screened for an 
ESR1 mutation in circulating blood. Patients with 
increased circulating ESR1 mutation in the blood 
without tumor progression were randomly assigned to 
remain on current therapy or to switch to fulvestrant 
in combination with palbociclib. Median PFS in 
patients who switched before disease progression 
was significantly increased compared with those 
who remained on current therapy (11.9 vs 5.7 months) 
(hazard ratio, 0.61; 95% CI, 0.43-0.86; P = .0040), 
supporting the use of a cell-free circulating tumor 
DNA (ctDNA) monitoring strategy and early treatment 
intervention in this setting.36

Liquid biopsies, which are able to detect ctDNA, 
allow for noninvasive detection and monitoring of 
genomic alterations.37 The 2 most commonly used 
methods for liquid biopsy in mBC are droplet digital 
polymerase chain reaction (ddPCR) and NGS.38 The 
ddPCR is preferred to detect ESR1 mutations because 
of its higher sensitivity and accuracy; NGS, however, 
can interrogate larger regions of genes without prior 
knowledge of mutations.38
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The benefits of measuring ctDNA may be limited 
by assay variability because of the often-low tumor 
DNA fraction. In addition, because ctDNA represents 
a composite view of bulk tumor DNA in circulation, 
its ability to discern certain heterogenic features that 
could contribute to resistance is also limited.37 Larger-
scale prospective trials using ctDNA measurements 
are needed to advance the clinical management 
of patients with ESR1 mutations in mBC and their 
results may help improve treatment selection for 
these patients. 

TREATMENT APPROACHES FOR 
ESR1-MUTATED BREAST CANCER
ESR1 status is an important prognostic factor and 
is associated with resistance to endocrine therapy, 
but ER+ BCs are a clinically heterogeneous group 
of tumors; prognostic features in addition to ESR1 
mutations should be considered. For example, ER+ 
tumors can be classified into the “luminal A” and 
“luminal B” subtypes, each of which has distinct 
responses to endocrine therapy. Luminal A tumors 
demonstrate greater response to endocrine therapy, 
whereas luminal B tumors are more aggressive 
and are linked to a higher risk of early relapse.30,39

Additionally, molecular alterations (eg, high tumor 
mutational burden, TP53 mutation, PTEN loss 
of function, and RB pathway alteration) may be 
associated with resistance in response to endocrine 
therapy and may be helpful factors to consider.40

Several therapeutic approaches are in development 
that may help overcome ESR1-mutated resistance (see 
companion article for more information on the role of 
SERMs in ER+ BC). The third-generation oral SERM 
lasofoxifene has demonstrated greater antitumor 
activity than has fulvestrant in preclinical breast 
tumor models as well as in patients with HR+, HER2- 
mBC with ESR1 mutations that had progressed on AIs 
plus CDK4/6 inhibitors.41-43 Additionally, lasofoxifene 
in combination with the CDK4/6 inhibitor abemaciclib 
demonstrated antitumor activity in women with HR+, 
HER2- BC with acquired ESR1 mutations and prior 
progression on 1 or 2 lines of hormonal therapy with 
or without a CDK4/6 inhibitor.44,45 These findings 
suggest meaningful clinical efficacy for lasofoxifene 
that warrants further evaluation. 

Several oral SERDs (eg, elacestrant, giredestrant, 
camizestrant) also are in late-stage clinical trials.46-49

In addition, novel protein degradation technologies 
directed toward ERα are in development. These 
include proteolysis-targeting chimeras, lysosome-
targeting chimeras, and molecular glue degraders.50

In addition, strategies for inhibiting the production 
of ER include ribonuclease-targeting chimeras and 
small-interfering RNA.50

In addition to the development of novel treatment 
approaches, more research is needed to determine 
the multifaceted effects of ESR1 mutations on 

ERα transcription, metastatic propensity, and 
the tumor microenvironment. Understanding 
the full scope of ESR1 aberrations will ultimately 
help improve treatment options and outcomes for 
patients with ER+ BC. ■
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The Role of SERMs in ER-positive Breast Cancer
OVERVIEW OF ER-POSITIVE BREAST CANCER 
The leading cause of cancer-related death among 
women is breast cancer (BC). Estrogen receptor–
positive (ER+) BC makes up about 80% of cases.1-3 The 
nuclear receptor family of transcription factors, which 
includes ERα, may have a role in the development 
and spread of ER+ BC. Transcriptional regulation of 
genes occur via estradiol (E2) binding to the ER, which 
induces receptor dimerization to its active form for 
coactivator binding and enhances breast epithelial cell 
proliferation and survival.1

Epidemiology and Statistics 
BC is the most commonly diagnosed cancer in the 
world, with an estimated 2.26 million cases recorded 
in 2020.1,2,4 Worldwide, BC claimed the lives of 
over 685,000 women in 2020. Nearly two-thirds of 
these deaths occurred in less developed regions; 
historically, however, BC has been considered 
a disease that primarily affects residents of 
industrialized nations.4,5 Estimated age-standardized 
incidence rates in women range from under 30 
per 100,000 women in sub-Saharan Africa to 
over 70 per 100,000 women in Western Europe 
and North America, for a total estimated global 
age-standardized incidence rate of 48 per 100,000 
women. Despite the fact that the proportional 
incidence of BC is highest in the most developed 
regions, larger populations in developing regions 
mean that over half of all cases are now diagnosed in 
low- and middle-income nations, placing a significant 
burden on health systems.4 

The 5-year survival from BC is substantially over 
80% in more developed nations compared with less 
than 70% in India and less than 50% in South Africa.6 
Early detection measures, access to early diagnosis, 
and improved access to effective therapies are all 
major contributors to the survival advantage in 
more-developed nations.4,7 The most significant risk 
factor is age, with the highest age-specific incidence 
rates occurring in older patients. Fewer than 1 in 5 
women with BC is diagnosed before 50 years of age in 
the United Kingdom; however, more than half of BC 
cases in less-developed nations involve women aged 
less than 50 years. Primarily, the average younger 
age noted in less-developed nations is related to a 
younger population and a significantly shorter life 
expectancy.4,8,9 An increase in BC incidence may be 
anticipated as developing nations advance.2

Current Standard of Care 
Endocrine therapy can be given in combination with 
surgery to most patients with ER+ BC. Oophorectomy 
has been advantageous in ER+ BC.10 The selective ER 
modulators (SERMs) tamoxifen and toremifene are 
FDA-approved to treat ER+ BC. Tamoxifen is approved 
in early and late-stage BC, whereas toremifene is only 
approved in late-stage BC.11,12 Raloxifene is approved 
as prophylaxis of ER+ BC.13 Other current standards 
of care include aromatase inhibitors (AIs) or a 
combination of 2 or more drugs.10 A combination of an 
CDK4/6 inhibitor and endocrine therapy is also used 
in hormone receptor-positive (HR+), HER2-negative 
(HER2-) advanced BC.14
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Table. FDA-approved SERMs for the Prevention and Management of BC11-13

SERM BC treatment BC prophylaxis FDA-approved indications in BC

Tamoxifen11 Yes Yes
•  Late-stage BC treatment and early-stage BC treatment after surgery
• BC prophylaxis

Toremifene12 Yes No • Late-stage BC treatment in postmenopausal women

Raloxifene13 No Yes
•  BC prophylaxis in postmenopausal women with osteoporosis and/or 

high risk of invasive BC

BC, breast cancer; SERMs, selective estrogen receptor modulators.

OVERVIEW OF SERMS
Actions of SERMs in ESR1-mutated Breast Cancer 
Resistance to endocrine therapy is a turning point 
for patients with advanced HR+ BC.15 First-line 
endocrine therapy is effective against most HR+ BCs, 
although most patients eventually develop endocrine 
resistance. The mutation of the ligand-binding domain 
(LBD) of ESR1, which codes for the ER, is a major cause 
of endocrine resistance. Over the last decade, this 
mutation and its biochemical and molecular effects 
have been examined extensively. Primary cancer 
cells with ESR1 mutations are largely resistant to 
endocrine therapy.15

SERMs are promising drugs for metastatic BC 
(mBC) with ESR1 mutations. Novel SERMs have 
been developed and tested specifically against these 
genetic alterations. Lasofoxifene is a SERM developed 
for osteoporosis that was found to reduce BC 
incidence, even in the presence of ESR1 mutations.16 
SERMS are options in development for endocrine-
resistant and ESR1-mutated mBC.15

Mechanism of Action of SERMs 
SERMs bind to the ERα and/or ERβ chain and 
exert estrogenic or antiestrogenic activities.17 The 
mechanism of action of SERMs is based on their 
tissue-specific ER-agonist or -antagonist activity.18 
A certain level of target-site and tissue specificity 
for SERM action results from interactions between 
SERMs and either the ERα and/or ERβ chains; in 
response, differing signaling qualities and cause 
significant physiological effects occur.18-21

Rationale for SERMs in Breast Cancer 
Since the 1960s, hormone replacement therapy (HRT)—
given as estrogen alone or with progesterone—has 
been used extensively to treat age-related problems 
and uncomfortable menopausal symptoms.17 In 
addition, HRT may prevent heart disease and 
numerous other diseases. HRT is effective in lowering 
the risks of osteoporosis and colon cancer; however, 
results of the Women’s Health Initiative study showed 
that taking estrogen with or without progesterone 
for 5 or more years increased the risk of BC and a 
number of other diseases.22,23 According to results 

of the Million Women Study conducted in the United 
Kingdom, women who take HRT have an increased 
risk of BC.17,24-26 After the Women’s Health Initiative 
released its findings in 2002, the usage of estrogen-
plus-progestin HRT in the United States decreased by 
over 50%; in 2003, there was a 7% drop in the number 
of new cases of BC.27 

Considerable work has gone into finding safer and 
more effective substances to replace HRT, which not 
only relieves menopausal symptoms but also prevents 
and treats hormone-responsive cancers. One of the 
promising HRT replacements involves SERMs.17 These 
drugs are used to treat or prevent ER+ BC by binding 
to ERs and causing an antiestrogenic effect in breast 
tissue, which is the opposite of the action of HRT. 

CURRENT AND EMERGING SERMS FOR  
THE MANAGEMENT OF BREAST CANCER 
As previously stated, several SERMS are approved 
for the management of breast cancer, including 
tamoxifen, toremifene, and raloxifene (Table).11-13

MONOTHERAPIES 
Tamoxifen 
Tamoxifen is a SERM that acts in both pre- and 
postmenopausal women. It competitively inhibits 
estrogen binding to the ER.28 Tamoxifen was approved 
for the treatment of mBC in the United Kingdom 
in 1973; it received FDA approval 1977.29 However, 
tamoxifen use frequently results in several adverse 
events (AEs), including hot flashes, endometrial 
hyperplasia, uterine malignancy, ovarian cyst 
development, and thromboembolic illness.11,28

Toremifene 
Another SERM to treat HR+ BC is toremifene, 
which varies structurally from tamoxifen by just 
1 chlorine atom.28 Toremifene has comparable 
efficacy to tamoxifen in postmenopausal patients 
when used as an adjuvant therapy and for metastatic 
illness.30-33 According to a retrospective analysis, 
toremifene produced a 5-year overall survival (OS) 
rate that was comparable to that of tamoxifen; in 
addition, it offered a more favorable recurrence-free 
survival rate.34
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A prospective clinical study (NCT02344940) 
investigated the safety of toremifene and tamoxifen 
in 104 premenopausal patients with HR+ early BC 
enrolled between December 2014 and June 2017. 
Patients were randomized 1:1 to receive either 
toremifene or tamoxifen. The primary outcome of the 
incidence of ovarian cysts (defined by transvaginal 
ultrasound as pure,liquid-filled formations of 2.0 
cm or greater) was comparable in both treatment 
arms. Results were similar across treatment arms 
for quality of life (QOL) and development of select 
AEs including endometrial thickening, menopausal 
symptoms, and fatty liver.28

Benzothiophene SERMs: Raloxifene 
The role of raloxifene in treating and preventing 
osteoporosis has been proven in several studies. 
Preliminary data from the osteoporosis trials 
that resulted in the approval of raloxifene also 
suggested a decreased risk of BC. The STAR trial 
(NCT00003906) was created and conducted because of 
these observations.35

The STAR trial examined the relative effects of 
raloxifene and tamoxifen use on the risk of invasive 
BC and other diseases impacted by tamoxifen.35 In 
all, 19,747 women were randomly assigned to receive 
either tamoxifen or raloxifene. Invasive BC was 
the primary end point. Investigators also collected 
prospective data on all other invasive cancers 
and examined secondary end points that included 
endometrial cancer, in situ BC, cardiovascular 
disease, stroke, pulmonary embolism, deep-vein 
thrombosis (DVT), transient ischemic attack (TIA), 
osteoporotic fracture, cataracts, death, and QOL.35 
The incidence of invasive BC did not significantly 
differ between the tamoxifen and raloxifene 
groups. In contrast, there were fewer noninvasive 
BCs in the tamoxifen group than in the raloxifene 
group; however, this difference did not achieve 
statistical significance.35

In the raloxifene group, there was a tendency 
toward a lower incidence of uterine cancer 
(tamoxifen, 36 cases; raloxifene, 23 cases).35 
Among those who had not received a uterine cancer 
diagnosis, the incidence of uterine hyperplasia 
was 84% lower in the tamoxifen group than in 
the raloxifene group (risk ratio [RR], 0.16; 95%CI, 
0.09-0.29). The overall number of strokes varied 
only slightly (tamoxifen, 53 cases; raloxifene, 51 
cases).35 The 2 groups did not differ significantly in 
the frequency of TIAs, but there was a difference 
in the incidence of thromboembolic events, with 
the raloxifene group having a 30% lower risk of 
pulmonary embolism and DVT (RR, 0.70; 95% CI, 
0.54-0.91). There were no differences in the rates 
of myocardial infarction, severe angina, or acute 
ischemic syndrome between the groups.35 The results 
suggested that raloxifene is a suitable substitute for 

tamoxifen for lowering the risk of postmenopausal 
BC in high-risk women.35

Indole and Tetrahydronaphthalene SERMs:  
Lasofoxifene and Bazedoxifene
Raloxifene and tamoxifen are the only SERMs 
currently approved by the FDA to lower the risk of 
invasive BC in postmenopausal women.1 The results 
of the PEARL study (NCT00141323) revealed that 
taking lasofoxifene for 5 years correlated with a 79% 
reduction in the overall chance of BC and an 83% 
reduction in the risk of invasive ER+ BC.16

According to a network meta-analysis of 
randomized, controlled trials on BC chemoprevention 
lasofoxifene and raloxifene evoked a superior benefit-
risk profile compared with tamoxifen and AIs.36 
Despite these initial findings, lasofoxifene has not 
been investigated as a treatment for progressive BC. 
The antagonist activity exhibited by lasofoxifene on 
ER+ BC cells is also unaffected by the expression level 
of activating ERα mutants; this is a characteristic 
absent among other tested agents (eg, tamoxifen, 
bazedoxifene, raloxifene, and fulvestrant).37

The third-generation oral SERM lasofoxifene 
(10 mg/kg) has demonstrated greater antitumor 
activity than has fulvestrant in preclinical breast 
tumor models.38 In the randomized, phase 2  
ELAINE 1 trial (NCT03781063), lasofoxifene was 
compared to fulvestrant in 103 patients with HR+, 
HER2-negative mBC with ESR1 mutations that 
had progressed on AIs plus CDK4/6 inhibitors.38 
The objective response rate (ORR) was 13.2% for 
lasofoxifene vs 2.9% for fulvestrant, and the clinical 
benefit rate (CBR) of at least 24 weeks was 36.5% 
vs 21.6%, respectively.38,39 These findings suggest 
meaningful clinical efficacy for lasofoxifene that 
warrants further evaluation.

Bazedoxifene exhibits a dual mechanism of action 
that includes selective ER degradation (SERD) and 
SERM.14 Bazedoxifene has shown antitumor properties 
in animal models of therapy-resistant BC.40,41 The 
results of preclinical research demonstrated the 
antitumor efficacy of bazedoxifene in HR+ BC models, 
including those with tamoxifen resistance, estrogen 
deprivation resistance, and the ER LBD mutation 
ESR1 Y537S. Results of preclinical investigations 
demonstrated that in the presence of the ESR1 Y537S 
mutations, bazedoxifene had higher inhibitory effects 
on cell growth and ER-mediated transcription than did 
tamoxifen or fulvestrant.14

COMBINATION THERAPIES
Lasofoxifene Plus Abemaciclib 
In the phase 2, open label ELAINE 2 trial 
(NCT04432454), lasofoxifene in combination with the 
CDK4/6 inhibitor abemaciclib was evaluated in 29 
women with HR+, HER2-negative BC with acquired 
ESR1 mutations and prior progression on 1 or 2 
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lines of hormonal therapy with or without a CDK4/6 
inhibitor.39 The combination resulted in an ORR of 
33.3% (95% CI, 16.3%-56.3%), a CBR of 62.1% (95% CI, 
44.0%-77.3%), and a median PFS of 13.9 months (95% 
CI, 8.0 months-not estimable). These findings suggest 
meaningful clinical efficacy for lasofoxifene plus 
abemaciclib that warrants further evaluation.

The majority of AEs were reported as grade 1 or 2, 
with the most frequently observed being diarrhea, 
nausea, fatigue, and white blood cell reduction. 
Muscle spasms and hot flashes were the most likely 
treatment-emergent AEs (TEAEs) associated with 
lasofoxifene use.39

Basedoxifene Plus Palbociclib 
The first clinical trial using the combination of 
palbociclib and bazedoxifene was carried out based 
on preclinical efficacy data of bazedoxifene in 
endocrine-resistant HR+ BC models, the safety profile 
of bazedoxifene resulting from initial randomized 
clinical trials, and the overall rationale supporting 
the use of palbociclib with next-generation endocrine 
therapies.14 This phase 1b/2 trial (NCT02448771) 
evaluated the safety and efficacy of palbociclib in 
combination with bazedoxifene in patients with HR+, 
HER2-advanced BC whose disease had progressed on 
earlier endocrine therapy.14

The primary end point, CBR, was defined as the 
percentage of patients who had a complete response 
(CR), partial response (PR), or stable disease (SD) at 
week 24.14 The reported CBR at 24 weeks was 33.3%, 
which exceeded the predefined threshold of at least 
11 patients with reported therapeutic benefit. The 
study’s 2-stage design may have contributed to the 
unexpected results. Median PFS was 3.6 months and 
median OS was 26.5 months.14

The most frequent AEs related to study treatment 
were neutropenia (61%) and fatigue (22%). Grade 3 
neutropenia was reported in 16 patients (44%) overall, 
and grade 4 neutropenia was observed in 1 patient 
(3%). No deaths deemed to be associated with the study 
treatment occurred. The majority of patients (83%) 
discontinued treatment upon disease progression. 
Dose reductions secondary to palbociclib-related 
toxicity were needed in 14 patients (38.9%); 1 
patient (3%) stopped therapy because of toxicity-
related events.14

CONCLUSION 
BC poses a significant unmet medical need and is 
a serious global health concern. As incidence rates 
rise in less-developed parts of the world, there 
inevitably will be an increase in the global burden 
of BC. Persistent and coordinated global efforts will 
be necessary to achieve sustained and equitable 
improvements in outcomes of this disease.4 SERMs are 
effective in treating and preventing ER+ BC, the most 
prevalent type of BC, and they likely will play a future 

role in both monotherapeutic and combination therapy 
strategies for BC. ■
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