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Abstract: Approximately 70% of breast tumors are ER+ and HER2–. 
First-line treatment that combines endocrine therapy (AIs, SERMs, and 
SERDs) with a CDK4/6 inhibitor is the treatment of choice for many 
patients with ER+/HER2– metastatic breast cancer. However, ESR1 
mutations develop in up to 40% of patients—more than 90% of these 
in response to therapy. The presence of ESR1 mutations is associat-
ed with a worse prognosis, including faster progression and poorer 
survival, underscoring the need for routine testing and the urgency of 
developing novel therapies that address ESR1-mutated breast cancer. 
For more than 20 years, fulvestrant (given as an intramuscular injec-
tion) was the only SERD approved by the US Food and Drug Admin-
istration for the treatment of ER+/HER2– metastatic breast cancer, 
and a standard second-line therapy following progression on an AI. 
This review discusses (1) the importance of routine testing for ESR1 
mutations after disease recurrence or progression and the role of liquid 
biopsy in this regard; (2) elacestrant, a novel oral SERD approved in 
2023 for the treatment of postmenopausal women and adult men 
with ER+/HER2–, ESR1-mutated advanced or metastatic breast cancer 
with disease progression following 1 or more lines of endocrine ther-
apy (unlike other SERDs, elacestrant is not associated with cardiac or 
ocular toxicity); and (3) new agents in development, including SERDs 
and innovative molecules targeting the ER—PROTACs, SERCAs, and 
CERANs—currently being tested in early-phase trials in combination 
with targeted agents, including CDK4/6 inhibitors. 

Introduction

Breast cancer remains the most common malignancy detected in 
women worldwide. In 2020, an estimated 2.26 million cases of 
breast cancer were diagnosed, and 685,000 patients died of the 
disease.1 Approximately 70% of breast tumors are estrogen recep-
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found in mutations of the ligand-binding domain of the 
ER, most commonly Y537S and D538G, which result 
in hormone-independent activation of the ER, thus 
enabling tumor growth and metastasis. The presence of 
ESR1 mutations is associated with a worse prognosis, 
including faster disease progression and poorer survival, 
underscoring the urgency of developing novel therapies 
that address ESR1-mutated breast cancer.13-18

The importance of ESR1 mutations in breast cancer 
came to light only after the genomic sequencing of met-
astatic tumors because the vast majority of ESR1 muta-
tions—as many as 90% or more—develop in response 
to therapy.19,20 In an analysis of circulating tumor DNA 
(ctDNA) from 171 patients with metastatic breast cancer, 
ESR1 mutations were found only in patients with ER+ 
tumors (P=.0093); moreover, all patients had prior expo-
sure to AI therapy (median prior exposure, 23 months; 
range, 5.9-141.4). Because only a small percentage of 
primary tumors present initially with lesions in the ESR1 
gene, the characterization of metastatic disease is crucial 
for determining the optimal selection of second and later 
lines of therapy in this patient population. Indeed, ESR1 
mutations have been observed in up to 40% of patients 
who have received treatment with an AI for their ER+/
HER2– metastatic breast cancer.12,13 Although next-gen-
eration sequencing of tumor biopsy samples can yield 
valuable information, liquid biopsy offers a noninvasive, 
rapid, easy, repeatable, and real-time test that may be 
superior to tissue biopsy with respect to its capability to 
capture tumor heterogeneity in patients with metastatic 
cancer.21,22

Patients with ESR1 mutations may not benefit from 
continuing CDK4/6 inhibition following progression 
on endocrine therapy in combination with a CDK4/6 
inhibitor. This was shown in the MAINTAIN study—an 
investigator-initiated, double-blind, randomized, place-
bo-controlled phase 2 trial of 119 patients with HR+/
HER2– breast cancer. The study investigated maintain-
ing treatment with a CDK4/6 inhibitor while switching 
patients to a different endocrine therapy at progression.23 
Enrolled patients had previously had disease progres-
sion while on treatment with a CDK4/6 inhibitor plus 
endocrine therapy, and the majority of them (87%) had 
received prior therapy with palbociclib. At progression, all 
patients were switched to treatment with a new endocrine 
therapy and were randomly assigned to receive concom-
itant ribociclib or placebo. After a median follow-up of 
18.2 months, median progression-free survival (PFS) in 
the patients receiving ribociclib was significantly longer 
than that in the patients receiving placebo in combination 
with endocrine therapy (5.29 vs 2.76 months; hazard ratio 
[HR], 0.57; P=.006). In an exploratory analysis, ctDNA 
was evaluated for ESR1 mutations among the patients 

tor–positive (ER+) and human epidermal growth factor 
receptor 2–negative (HER2–).2,3 Because the ER drives 
tumor growth and progression, first-line therapy for 
postmenopausal patients with ER+ tumors is aimed at 
blocking the activity of the ER by means of endocrine 
therapy. The latter includes drugs that reflect 2 different 
strategies for inhibiting ER activity. Aromatase inhibitors 
(AIs) inhibit estrogen production and include anastrozole, 
letrozole, and exemestane. Agents in the second category 
directly inhibit the activity of the ER and include selec-
tive ER modulators (SERMs) and selective ER degraders 
(SERDs). SERDs bind directly to the ER, and instead 
of activating the ER signaling pathway, they cause deg-
radation of the ER. Approved SERMs for the treatment 
of patients with breast cancer include tamoxifen and 
toremifene. Fulvestrant was the first SERD approved for 
the treatment of ER+ breast cancer, and it remained the 
only SERD approved for this tumor type for more than 2 
decades. In early 2023, elacestrant [RAD1901] (Orserdu, 
Stemline Therapeutics) became the second SERD to 
receive approval for the treatment of ER+/HER2– 
metastatic breast cancer; however, its administration is 
restricted to those with ESR1-mutated disease.

An AI or fulvestrant can be effectively combined with 
a second agent that inhibits the activity of CDK4/6, and 
this combination is the preferred first-line therapy for 
postmenopausal patients with ER+/HER2– metastatic 
breast cancer.4,5 Currently approved CDK4/6 inhibitors 
for the treatment of breast cancer include abemaciclib 
(Verzenio, Eli Lilly), palbociclib (Ibrance, Pfizer), and 
ribociclib (Kisqali, Novartis). All 3 drugs disrupt the 
kinase activity of CDK4/6, inhibiting cell cycle progres-
sion, but they have different dosing schedules and toxicity 
profiles. However, even with state-of-the-art therapy, the 
majority of patients with advanced or metastatic ER+ 
disease experience disease recurrence or progression due 
to resistance to endocrine therapy mediated by underlying 
genetic changes that allow reactivation of the ER signaling 
pathway.

ESR1 Mutations and Resistance to Therapy

The development of resistance to endocrine therapy 
remains a significant challenge to the successful treat-
ment of ER+ breast cancer.6,7 In up to 40% of patients, 
ESR1 mutations develop in response to combined first-
line treatment with endocrine therapy plus a CDK4/6 
inhibitor.8 Multiple mechanisms of resistance have been 
identified involving ESR1, arising from point mutations 
and fusions.6,9-12 These genetic lesions can lead to activat-
ing mutations and changes to the ER protein structure 
that alter the functionality of the ER. An established 
mechanism of resistance to endocrine therapy has been 
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who received fulvestrant. Among the patients who were 
randomized to placebo, the median PFS was similar in 
those with wild-type ESR1 (2.76 months) and those with 
mutated ESR1 (3.02 months). In contrast, among the 
patients who were randomized to ribociclib, the median 
PFS was 8.32 months in those with wild-type ESR1 and 
2.96 months in those with mutated ESR1, suggesting 
that patients with ESR1 mutations may not benefit from 
continuing CDK4/6 inhibition following progression 
on endocrine therapy in combination with a CDK4/6 
inhibitor.

Elacestrant: A Novel SERD

For more than 20 years, fulvestrant was the only approved 
SERD for the treatment of ER+/HER2– metastatic breast 
cancer, and a standard second-line therapy following pro-
gression on an AI. However, fulvestrant treatment is bur-
dened by the requirement for a monthly intramuscular 
injection for administration and low bioavailability. 

Elacestrant (approved in early 2023) is an oral 
nonsteroidal SERD that binds selectively to the ER.24 
In early preclinical studies, the binding of elacestrant to 
the ER prevented estrogen-mediated signaling, induced 
receptor degradation, and thus reduced ER signaling.25 
Exposure to elacestrant led to a decreased expression of 
ESR1 in breast cancer cell lines. In addition to inhibiting 
the estrogen-dependent growth of breast cancer cell lines, 
elacestrant inhibited the growth of MCF7 xenografts in 
mice. Although elacestrant exhibited complex pharma-
cokinetics, the drug displayed pharmacokinetic behavior 
expected of a SERD. Subsequently, elacestrant was shown 
to be effective in xenograft models of breast cancer, both 
as monotherapy and in combination with palbociclib or 
everolimus, and in xenograft tumors resistant to CDK4/6 
inhibition.26,27 In addition to the advantage of an oral 
route of administration, elacestrant has been shown to 
cross the blood-brain barrier.

A Phase 1 Trial of Elacestrant
The safety and efficacy of elacestrant were evaluated in 
a phase 1 trial that enrolled 57 heavily pretreated post-
menopausal women with ER+/HER2– metastatic breast 
cancer, including women whose tumors had ESR1 muta-
tions.28 The recommended phase 2 dose of elacestrant 
(400 mg, daily) was given to 50 patients whose median 
age was 63 years (range, 43-81). Of these, 70% had vis-
ceral disease and 20% had bone-only disease. The median 
number of prior lines of therapy was 3 (range, 1-7), and 
the median number of prior lines of endocrine therapy 
was 2.5 (range, 1-7). ESR1 mutations were detected in 
half of the patients; the most common mutations were 
D538G and Y537S. More than one ESR1 mutation was 

detected in 44% of the patients. Of note, the frequency of 
ESR1 mutations increased as the number of lines of prior 
endocrine therapy increased, reflecting observations from 
other studies showing that ESR1 mutations generally 
develop during endocrine therapy. Elacestrant yielded an 
acceptable safety profile, with no dose-limiting toxicities 
observed at doses of up to 600 mg once daily. However, 
upper gastrointestinal events such as vomiting, esophageal 
pain, and others were of concern with long-term use of 
the drug, leading to the recommended phase 2 dose of 
elacestrant (400 mg, daily). The most common treat-
ment-emergent adverse events (AEs) of any grade were 
nausea (50%), dyspepsia (32%), and vomiting (30%).

The phase 1 trial yielded an objective response 
rate (ORR) of 19.4% among the patients treated with 
elacestrant (400 mg, once daily). Antitumor activity was 
observed in patients with prior exposure to CDK4/6 
inhibitors, those with prior exposure to fulvestrant, and 
those with ESR1 mutations. The authors further evalu-
ated response rates in patients with ESR1 mutations, and 
the results showed a superior benefit among patients with 
ESR1 mutations (33.3%; 5/15) vs those with wild-type 
ESR1 (6.3%; 1/16). Moreover, responses were noted 
in patients whose tumors harbored the ER mutations 
Y537S and D538G, both of which are associated with 
resistance to endocrine therapy. In addition, elacestrant 
yielded a superior clinical benefit rate in patients with 
mutated vs wild-type ESR1 (56.5% vs 29.2%) as well as 
a superior median PFS (7.4 vs 2.8 months). The median 
duration of response in the overall study population was 
24.9 weeks (range, 13.4-44.3). In summary, the phase 1 
trial demonstrated the efficacy of elacestrant in a heavily 
pretreated population of patients with ER+/HER2– met-
astatic breast cancer, with a manageable safety profile. 
Elacestrant showed greater activity among patients with 
ESR1 mutations.

A Phase 1b Trial of Elacestrant
A phase 1b study of postmenopausal women with ER+/
HER2– advanced breast cancer investigated the ability 
of elacestrant to decrease estradiol binding activity of 
the ER by means of 16α-18F-fluoro-17β-estradiol (18F-
FES) positron emission tomography.29 This open-label, 
nonrandomized study enrolled 16 patients with previ-
ously treated advanced breast cancer whose disease had 
progressed after at least 6 months of treatment. Of these 
patients, 56% had ESR1 mutations at baseline, reflecting 
extensive prior exposure to endocrine therapy. Study 
treatment consisted of elacestrant at a daily dose of 200 
or 400 mg. In the cohort of patients receiving 200 mg 
of elacestrant, the dose was increased to 400 mg on day 
14. On day 14, 16 patients showed a median reduction 
in the tumor uptake of 18F-FES of 89.1% in comparison 
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with baseline, with both cohorts demonstrating a reduc-
tion in 18F-FES uptake of approximately 89%. The ORR 
was 11.1% and the clinical benefit rate was 30.8%. In 
the cohort of patients treated with the lower vs the higher 
dose of elacestrant, the proportion of patients with a 
reduction in ER availability of at least 75% was 62.5% vs 
88%, which compares favorably with comparable results 
observed with fulvestrant.

EMERALD: A Phase 3 Trial of Elacestrant
The international, open-label, phase 3 EMERALD trial 
evaluated elacestrant vs standard-of-care (SOC) endo-
crine monotherapy in men or postmenopausal women 
with previously treated, ER+/HER2– advanced or meta-
static breast cancer.30-32 The study included patients whose 
disease had progressed after first- or second-line therapy. 
Patients were required to have had disease progression on 
prior therapy with a CDK4/6 inhibitor in combination 
with either fulvestrant or an AI. One prior chemotherapy 
regimen for advanced or metastatic disease was allowed. 
Patients were required to have an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0 or 1, 
with measurable disease based on RECIST 1.1 criteria or 
evaluable bone-only disease with at least one lytic or mixed 
lytic-blastic bone lesion.33 Exclusion criteria included 
symptomatic visceral disease and cardiovascular events 
within 6 months of enrollment. ESR1 mutation status 
was determined by the evaluation of cell-free ctDNA in 
blood samples analyzed at a central laboratory, and ESR1 
mutations were defined as any missense mutation in 
codons 310 through 547. Note that the study sites were 
not informed of ESR1 mutation status during treatment. 
Stratification factors included ESR1 mutation status, 

visceral metastases, and prior treatment with fulvestrant.
Enrolled patients were evenly randomized to elaces-

trant or SOC. Per the phase 1 trial, the dose of elacestrant 
evaluated in the EMERALD trial was 400 mg given 
orally once daily. Dose reductions to 300 or 200 mg daily 
were allowed for toxicity. SOC therapy was based on the 
investigator’s choice and included fulvestrant, anastrozole, 
letrozole, or exemestane monotherapy, with guidance to 
use a therapy that was different from prior treatment. The 
primary endpoint was PFS in the overall study population, 
as well as in patients with ESR1 mutations, determined by 
blinded independent review.

The EMERALD trial randomized 239 patients to 
elacestrant and 238 to SOC. Baseline characteristics were 
well balanced between the 2 arms. Patients had a median 
age of 63 years (range, 24-89), and 228 patients (47.8%) 
had a detectable ESR1 mutation. In the elacestrant vs the 
SOC arm, the majority of patients had visceral metastasis 
(68.2% vs 71%) and had received prior adjuvant therapy 
(66.1% vs 59.2%), respectively. It is important to note 
that the EMERALD trial evaluated elacestrant vs SOC as 
second- or third-line therapy—approximately half of the 
patients had already received 1 line of therapy and half 
had received 2 prior lines of therapy. Endocrine resistance 
increases with each subsequent line of therapy. In addi-
tion, the majority of patients in this study had visceral 
metastasis, another indication of increasing endocrine 
resistance.

The trial results showed a benefit in terms of disease 
progression in both the overall study population and 
patients with an ESR1 mutation (Tables 1 and 2). After 
a median follow-up of 15 months, the trial met its pri-
mary endpoint, demonstrating a superior median PFS 

Table 1. Progression-Free Survival Rate: Results From the 
Randomized Phase 3 EMERALD Trial31 

All Patients

Elacestrant
(n=239)

SOC
(n=238)

Fulvestrant
(n=165)

6-mo PFS, %
(95% CI)

34.3
(27.2-41.5)

20.4
(14.1-26.7)

22.9
(15.15-30.57)

12-mo PFS, %
(95% CI)

22.3
(15.2-29.4)

9.4
(4.0-14.8)

10.2
(3.4-16.9)

Patients With a Detectable ESR1 Mutation

Elacestrant
(n=115)

SOC
(n=113)

Fulvestrant
(n=83)

6-mo PFS, %
(95% CI)

40.8
(30.1-51.4)

19.1
(10.5-27.8)

20.8
(10.68-30.83)

12-mo PFS, %
(95% CI)

26.8
(16.2-37.4)

8.2
(1.3-15.1)

8.4
(0.2-16.6)

mo, months; PFS, progression-free survival; SOC, standard of care.

Table 2. Progression-Free Survival: Results From the 
Randomized Phase 3 EMERALD Trial31 

All Patients

Elacestrant
(n=239)

Fulvestrant
(n=165)

HR
(95% CI)

0.68
(0.52-0.90)

P .0049

PFS, mo 2.8 1.9

Patients With a Detectable ESR1 Mutation

Elacestrant
(n=115)

Fulvestrant
(n=83)

HR
(95% CI)

0.50
(0.34-0.74)

P .0005

PFS, mo 3.8 1.9

HR, hazard ratio; mo, months; PFS, progression-free survival.
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with elacestrant vs SOC in the overall study population 
(HR, 0.70; 95% CI, 0.55-0.88; P=.0018) as well as in 
the subset of patients with an ESR1 mutation (HR, 0.55; 
95% CI, 0.389-0.77; P=.0005). This corresponds to 30% 
and 45% relative reductions in progression or death with 
elacestrant in the overall study population and in the sub-
set of patients with an ESR1 mutation, respectively. In the 
overall study population, the median 6-month PFS rate 
was 34.3% with elacestrant vs 20.4% with SOC, and the 
median 12-month PFS rate was 22.3% vs 9.4%, respec-
tively. In the subset of patients with an ESR1 mutation, 
the median 6-month PFS rate was 40.8% with elacestrant 
vs 19.1% with SOC, and the median 12-month PFS rate 
was 26.8% with elacestrant vs 8.2% with SOC. Thus, as 
in the phase 1 trial, the clinical effect of elacestrant was 
more pronounced in patients whose tumors expressed 
detectable ESR1 mutations; however, elacestrant retained 
superior efficacy vs SOC among patients with wild-type 
ESR1. In this group of patients with pretreated HR+/
HER2– metastatic breast cancer, approximately 40% had 
come off study treatment by the first study-mandated 
imaging procedure, reflecting the significant heterogene-
ity of the disease and affecting median differences between 
the 2 treatment arms. The HRs more accurately reflect 
the benefit of elacestrant over SOC endocrine therapy in 
the endocrine-sensitive population, with the PFS curves 
separated after the first imaging and remaining separated 
for the duration of follow-up.

Among 239 patients treated with elacestrant vs 165 
treated with fulvestrant, elacestrant yielded a superior 
median PFS (2.8 vs 1.9 months; HR, 0.68; 95% CI, 
0.52-0.90; P=.0049). Within the subset of patients with 
an ESR1 mutation, elacestrant again showed a superior 

median PFS vs fulvestrant (3.8 vs 1.9 months; HR, 0.50; 
95% CI, 0.34-0.74; P=.0005) and a superior 12-month 
PFS rate (26.8% vs 8.4%). The HR analysis reflects a 50% 
relative reduction in progression or death with elacestrant 
in the subset of patients with an ESR1 mutation.

Elacestrant also yielded a statistically superior median 
PFS vs SOC in several prespecified subgroups, including 
patients with visceral metastasis (HR, 0.665; 95% CI, 
0.507-0.869), patients who were at least 65 years of age 
(HR, 0.548; 95% CI, 0.386-0.773), patients who had 
received 1 prior line of endocrine therapy (HR, 0.705; 
95% CI, 0.517-0.959), and patients who had received 
2 prior lines of endocrine therapy (HR, 0.597; 95% CI, 
0.423-0.841). Interim analysis of overall survival (OS) did 
not demonstrate a significant difference with elacestrant vs 
SOC in the overall population (HR, 0.75; 95% CI, 0.54-
1.04, P=.0821) or in the subset of patients with an ESR1 
mutation (HR, 0.59; 95% CI, 0.36-0.96, P=.0325). In a 
post hoc analysis of data from EMERALD, the median 
PFS was superior with elacestrant in comparison with 
SOC in patients with prior exposure to a CDK4/6 inhib-
itor (Table 3).32 The benefit with elacestrant was observed 
across patient subgroups based on duration of prior expo-
sure to a CDK4/6 inhibitor ranging from 6 to 18 months 
or longer, although the differences were more pronounced 
in patients who had received more than 6 to 12 months of 
prior CDK4/6 inhibition, as a surrogate marker of endo-
crine sensitivity. Analysis of the latter subgroup yielded a 
median PFS of 8.61 months with elacestrant (n=55) vs 
2.10 months with SOC (n=56).

AEs of any grade were observed in 92.0% of patients 
in the elacestrant arm vs 86.0% in the SOC arm, with 
grade 3/4 AEs occurring in 27.0% vs 20.5%, respectively. 

Table 3. Progression-Free Survival by Duration of Prior CDK4/6 Inhibitor in Metastatic Setting: Results From the Randomized Phase 
3 EMERALD Trial32 

Duration of CDK4/6 Inhibitor in Metastatic Setting, mo

≥6.0 ≥12.0 ≥18.0

All Patients

Elacestrant
(n=202)

SOC
(n=205)

Elacestrant
(n=150)

SOC
(n=160)

Elacestrant
(n=98)

SOC
(n=119)

HR
(95% CI)

.69
(0.54-0.88)

0.61
(0.45-0.83)

0.70
(0.48-1.020)

Median PFS, mo 2.8 1.9 3.8 1.9 5.5 3.3

Patients With a Detectable ESR1 Mutation

Elacestrant
(n=103)

SOC
(n=102)

Elacestrant
(n=78)

SOC
(n=81)

Elacestrant
(n=55)

SOC
(n=56)

HR
(95% CI)

0.52
(0.36-0.74)

0.41
(0.26-0.63)

0.47
(0.20-0.79)

Median PFS, mo 4.1 1.9 8.6 1.9 8.6 2.1

HR, hazard ratio; mo, months; PFS, progression-free survival; SOC, standard of care.
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In the elacestrant arm, serious AEs occurred in 12% 
of patients; serious AEs occurring in more than 1% of 
patients included musculoskeletal pain (1.7%) and nau-
sea (1.3%). Grade 5 AEs occurred in 1.7% of patients 
in the elacestrant arm vs 2.6% in the SOC arm. In the 
elacestrant arm, fatal AEs included cardiac arrest, septic 
shock, diverticulitis, and unknown, each observed in 
1 patient. None of the patient deaths was considered 
related to study treatment. AEs leading to dose reduction 
occurred in 3.0% of patients treated with elacestrant vs 
none with SOC. Treatment-related AEs leading to study 
drug discontinuation were reported in 3.4% vs 0.9% of 
patients, respectively.32 In the elacestrant arm, the most 
common AEs of any grade were nausea (35.0%), fatigue 
(19.0%), and vomiting (19.0%), and the most common 
grade 3/4 AEs were nausea (2.5%), back pain (2.5%), and 
increased alanine aminotransferase (2.1%). In the SOC 
arm, the most common AEs of any grade were nausea 
(18.8%), fatigue (18.8%), and arthralgia (16.2%), and 
the most common grade 3/4 AEs were nausea, fatigue, 
diarrhea, and increased aspartate aminotransferase, each 
at 0.9%. It is notable that unlike other SERDs, elacestrant 
is not associated with cardiac or ocular toxicity. The most 
common toxicity associated with elacestrant therapy was 
nausea, and this is generally well managed with antiemet-
ics. A striking outcome in the EMERALD trial was the 
low number of patients who needed antiemetics.

Many patients in this study had not received prior 
treatment with fulvestrant, and therefore these patients 
could receive fulvestrant as their study drug. Another point 
to note about the patient population is that all enrolled 
patients had received prior therapy with a CDK4/6 inhib-
itor, providing a relatively uniform study population in 
terms of prior exposure. This is helpful because first-line 
therapy that combines endocrine therapy with a CDK4/6 
inhibitor is the treatment of choice for many patients with 
ER+/HER2– metastatic breast cancer and is included in 
international guidelines. 

The results from the EMERALD trial led to the 
approval of elacestrant for the treatment of postmeno-
pausal women and adult men with ER+/HER2–, 
ESR1-mutated advanced or metastatic breast cancer with 
disease progression following 1 or more lines of endocrine 
therapy at a recommended dosage of 345 mg daily.24 
Along with elacestrant, the US Food and Drug Admin-
istration also approved the Guardant360 CDx assay as a 
companion diagnostic to identify the patients most likely 
to benefit from treatment with the novel SERD. Ongoing 
clinical trials are evaluating elacestrant in different patient 
populations, importantly are evaluating elacestrant safety 
and efficacy in combination with other agents, and are 
further validating the use of ctDNA as a diagnostic tool 
in this patient setting.

ELEVATE: An Ongoing Phase 1b/2 Trial of Elacestrant 
in Combination With Other Agents
The multicenter, open-label, phase 1b/2 ELEVATE trial 
(NCT05563220) is currently recruiting patients with 
locally advanced or metastatic breast cancer to evaluate 
elacestrant paired with other agents, including alpelisib 
(Piqray, Novartis), abemaciclib, palbociclib, ribociclib, and 
everolimus (Table 4).34 Eligibility requirements include 
confirmed ER+/HER2– breast cancer; measurable disease 
by RECIST 1.1 or at least one lytic bone lesion; and an 
ECOG performance status of 0 or 1. Female patients may 
be premenopausal, perimenopausal, or postmenopausal. 
Patients who have received prior treatment with elaces-
trant or chemotherapy will be excluded. Other eligibility 
requirements pertain to specific treatment arms. The 
primary endpoint of the phase 1b portion of the trial is to 
determine the recommended phase 2 dose of elacestrant 
in combination with each of the other drugs; a standard 
3 + 3 design will be used for elacestrant dose escalation, 
based on the dose-limiting toxicity outcomes of the novel 
SERD in combination with each of the other study drugs. 
Secondary endpoints include those associated with safety, 
efficacy, pharmacokinetics, and pharmacodynamics. The 
phase 2 portion of the trial has a planned recruitment of 
250 patients into the 4 arms to evaluate the efficacy and 
safety of the five 2-drug combinations. The primary end-
point for each arm in phase 2 is PFS at 6 or 12 months, 
with secondary endpoints of ORR, duration of response, 
PFS, OS, and safety.

Testing for ESR1 Mutations After Recurrence 
or Progression

Results from 2 phase 3 trials underscore the importance of 
repeat testing of patients, as well as the utility of ctDNA 
analysis.35,36 Both the EFECT and SoFEA trials recruited 
patients with HR+ metastatic breast cancer that had pro-
gressed on prior therapy with a nonsteroidal AI. Patients 
were randomized to therapy with fulvestrant or exemes-
tane. The combined analysis included 227 patients from 
EFECT and 161 from SoFEA. Patients from EFECT 
provided baseline serum samples, and those from SoFEA 
provided plasma. Analysis by digital polymerase chain 
reaction (PCR) revealed the presence of ESR1 mutations 
in 30% of patients (115/383) at baseline—after first pro-
gression and before the initiation of study therapy. Among 
patients with ESR1 mutations, the median PFS was pro-
longed with fulvestrant vs exemestane (3.9 vs 2.4 months; 
HR, 0.59; 95% CI, 0.38-0.89; P=.01). In contrast, among 
patients without ESR1 mutations, the median PFS was 
similar in the 2 groups (4.1 months with fulvestrant vs 4.8 
months with exemestane; HR, 1.05; 95% CI, 0.81-1.38; 
P=.69). In multivariate analysis, ESR1 mutations were 
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significantly associated with a shortened PFS (HR, 1.96; 
95% CI, 1.34-2.86; P=.001). 

The multicohort, multicenter, open-label, phase 2 
plasmaMATCH study provided validation for the use 
of ctDNA in place of solid tumor biopsy.37 The study 
enrolled 1051 women with histologically confirmed, 
advanced breast cancer who had completed at least one 
line of treatment for their advanced disease and had expe-
rienced progression or relapse. ctDNA samples were eval-
uated for mutations in PIK3CA, ESR1, ERBB2 (HER2), 
and AKT1 by digital droplet PCR. In addition, the same 
samples were evaluated by targeted sequencing for muta-
tions in the same 4 genes plus PTEN and TP53. The 
study revealed excellent agreement in the rates of muta-
tion detection between digital droplet PCR and targeted 
sequencing for all 4 genes (Table 5). The most common 
mutations detected in the ESR1 gene from plasma samples 
were at codons 538 (54%), 537 (37%), and 380 (35%). 
Targeted sequencing was performed on tissue biopsy sam-
ples from 77 patients. Results from digital PCR analysis of 
ctDNA showed a 93% rate of agreement with sequencing 
of tumor biopsy specimens, and this rate of agreement 
reached 98% when ctDNA results were compared with 
those from contemporaneous biopsy specimens.

In a recent update to its testing guidelines, the 
American Society of Clinical Oncology recommends 
routine testing for ESR1 mutations for women with ER+/
HER2– metastatic breast cancer who are receiving or have 
received endocrine therapy and experience recurrence or 
progression of their disease.5 The guideline recommends 
testing with a Clinical Laboratory Improvement Amend-
ments (CLIA)–certified assay of a blood or tissue sample 

that is obtained at the time of recurrence or progression, 
on the basis of the observation that the vast majority of 
ESR1 mutations emerge in response to treatment. Per 
findings from the plasmaMATCH study, the guideline 
further recommends testing of ctDNA in preference to 
tissue samples.21,22,37 For patients whose ctDNA results 
show wild-type ESR1, subsequent retesting may be 
warranted. The guideline further recommends that for 
patients with ESR1 mutations who have received prior 
treatment with a CDK4/6 inhibitor, elacestrant, either 
alone or in combination with another agent, may be an 
appropriate treatment.

For some patients, repeat testing with a tumor biopsy 
at some point in disease progression may be useful to assess 
whether ER or HER2 expression has changed. However, 
given the information that can be gleaned with blood 
biopsy, tumor biopsies can be performed less frequently 
than in the past for mutation testing, which is beneficial 
for patients and avoids the risks of and time required for 
serial biopsies. 

Future Developments: Agents on the Horizon 
for the Treatment of ER+/HER2– Advanced 
or Metastatic Breast Cancer

Given the certain development of resistance to endocrine 
therapy, new agents that can turn off ER signaling in 
breast cancer cells while avoiding unacceptable toxicity are 
urgently needed.8,38 New SERDs in development include 
camizestrant, imlunestrant, and giredestrant. Additional 
novel agents that have shown promise in ER-driven 
breast cancer include innovative molecules targeting the 
ER—proteolysis-targeting chimera molecules (PROT-
ACs), selective ER covalent antagonists (SERCAs), and 
complete ER antagonists (CERANs).

SERDs
Camizestrant [AZD9833] is an oral nonsteroidal SERD 
that has been shown to induce degradation of the ER 
and inhibit the growth of xenograft tumors in mice and 
has since progressed to early-stage clinical trials.39 In the 
randomized phase 2 SERENA-2 trial, camizestrant was 

Table 4. Elacestrant in Various Combinations in Patients With 
Metastatic Breast Cancer (ELEVATE): Study Arms34

Phase 1b arm A Elacestrant 258 or 345 mg + alpelisib 
250 or 300 mg

Phase 1b arm B Elacestrant 258 or 345 mg + everolimus 
5.0, 7.5, or possibly 10 mg

Phase 1b arm C Elacestrant 86, 172, or 258 mg + 
ribociclib 400 or possibly 600 mg

Phase 1b arm D Elacestrant 258 or 345 mg + palbociclib 
100 or 125 mg 
OR 
Elacestrant 258 or 345 mg + the 
recommended phase 2 dose for the com-
bination of elacestrant and abemaciclib 
(currently being evaluated in the ongoing 
ELECTRA trial [NCT04791384])
OR
Elacestrant 86, 172, or 258 mg + 
ribociclib 400 or possibly 600 mg

Table 5. Agreement Between Digital PCR and Sequencing in 
the plasmaMATCH Trial37

Gene Kappa 95% CI

AKT1 0.93 0.87-0.99

ESR1 0.90 0.86-0.93

ERBB2 (HER2) 0.89 0.79-0.98

PIK3CA 0.92 0.89-0.95

PCR, polymerase chain reaction.
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compared with fulvestrant in 240 postmenopausal women 
with ER+/HER2–metastatic breast cancer and at least 
one prior line of endocrine therapy.40 At baseline, ESR1 
mutations were detected in 36.7% of patients. The study 
met its primary endpoint, demonstrating a median PFS of 
7.2 months (P=.0124) with camizestrant (75 mg, daily) 
and of 7.7 months (P=.0161) with camizestrant (150 mg, 
daily) vs 3.7 months with fulvestrant. At both dose levels, 
camizestrant yielded a superior median PFS in prespeci-
fied subgroups representing patients with prior exposure 
to a CDK4/6 inhibitor, lung or liver metastasis, or ESR1 
mutations, although the benefit appeared primarily in 
patients with ESR1 mutations. The investigational SERD 
was generally well tolerated and showed low rates of treat-
ment-emergent AEs of grade 3 or higher, dose reduction, 
and drug discontinuation. Most treatment-emergent AEs 
included photopsia and bradycardia.

Imlunestrant [LY3484356] is another investigational 
SERD that has demonstrated efficacy in early clinical 
trials of patients with breast cancer. The phase 1a/1b 
EMBER trial enrolled 114 patients with ER+, previously 
treated, advanced breast cancer.41 The dose of imlunes-
trant ranged from 200 to 1200 mg, administered once 
daily. No dose-limiting toxicities were observed. At the 
recommended phase 2 dose of 400 mg, daily, imlunes-
trant was generally well tolerated; the most common treat-
ment-emergent AEs of any grade were nausea (33.3%), 
fatigue (27.5%), and diarrhea (23.2%). In addition to an 
ORR of 8%, the trial showed a clinical benefit rate of 
47.1%. 

Giredestrant [GDC-9545], an oral SERD, has 
demonstrated antitumor activity as a single agent and in 
combination with a CDK 4/6 inhibitor.38 A phase 1a/b 
study evaluated giredestrant monotherapy and combina-
tion therapy with palbociclib in postmenopausal patients 
with ER+ metastatic breast cancer who had disease recur-
rence while on adjuvant endocrine therapy for 24 months 
or longer or progression after prior endocrine therapy for 
6 months or longer and 2 or fewer lines of therapy. The 
dose of giredestrant was 30 mg, daily, as monotherapy 
and 100 mg, daily, in combination therapy. The most 
common AEs with giredestrant monotherapy were 
fatigue, arthralgias, and nausea. Notably, 7% of patients 
had bradycardia. The most common AE with giredestrant 
combination therapy was neutropenia. Interim analysis in 
a randomized phase 2 study evaluating the efficacy and 
safety of giredestrant vs physician’s choice of endocrine 
therapy in postmenopausal and premenopausal women 
on ovarian function suppression with ER+/HER2– 
advanced/metastatic breast cancer who had received 1 or 
2 prior lines of systemic therapy (at least one of which was 
endocrine therapy) showed no significant improvements 
in PFS in the overall population and a nonsignificant 

benefit in the ESR1 mutation subgroup (median PFS, 5.3 
vs 3.5 months; HR, 0.60 [95% CI, 0.35-1.03]; P=.06). 

PROTACs
Proteolysis-targeting chimera molecules (PROTACs) 
comprise a target-binding domain linked to a ligase-bind-
ing moiety that recruits the enzyme E3 ligase, which 
catalyzes the addition of ubiquitin to the target protein, 
thus resulting in degradation of the target protein by the 
proteasome.42 The PROTAC ARV-471 was investigated 
in a phase 1 trial of women with HR+/HER2– metastatic 
breast cancer who had received prior treatment with 
endocrine therapy and a CDK4/6 inhibitor.43 Of these 
patients, 80% had received prior treatment with fulves-
trant. The drug was generally well tolerated and showed a 
clinical benefit rate of 40% in 47 evaluable patients. With 
daily doses ranging from 30 to 700 mg, the maximum 
tolerated dose was not reached and no dose-limiting tox-
icity was observed. The most common treatment-related 
AEs of any grade were nausea (24%), fatigue (12%), and 
vomiting (10%). Only 2 grade 3 AEs were considered 
potentially related to the study therapy. 

SERCAs
Selective ER covalent antagonists (SERCAs) inactivate the 
receptor by binding to the ER through C530, a unique 
cysteine residue. Covalent binding to C530 induces a con-
formational change in the receptor that blocks ER func-
tion without causing degradation. H3B-6545 is a first-in-
class SERCA that showed promising activity in preclinical 
studies and in the first-in-human clinical study.44,45 In 
the phase 2 portion of the trial, 83 patients with ER+/
HER2– advanced breast cancer that was refractory to 
endocrine therapy received H3B-6545 (450 mg).46 The 
phase 2 analysis included 11 patients who had received 
H3B-6545 at the same dose in the phase 1 portion of 
the trial. The patients had a median age of 62 years, 81% 
had metastasis to the lung and/or liver, and the median 
number of prior lines of therapy for metastatic disease was 
3 (range, 1-8). The majority of patients had previously 
received therapy comprising CDK4/6 inhibition (85%), 
AIs (80%), and/or fulvestrant (72%). ESR1 mutations 
were detected by blood biopsy in 62% of patients. The 
most common AEs of at least grade 2 included anemia 
(19%), nausea (17%), and fatigue (16%). Grade 3 QTcF 
prolongation occurred in 3 patients. Among 94 patients, 
the ORR was 17%, and the median duration of response 
was 7.6 months (95% CI, 5.4 months-not evaluable). The 
clinical benefit rate was 32%, and the median PFS was 5.1 
months (95% CI, 3.2-6.2).

CERANs
OP-1250 is a complete ER antagonist (CERAN) that 
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blocks ER transcription and causes receptor degra-
dation.47 In a phase 1/2 trial of 68 patients with ER+/
HER2– previously treated advanced breast cancer, 
OP-1250 was administered orally at either 60 or 120 mg, 
daily. Patients had a median age of 61 years, 82% had 
visceral disease, and 41% had received 3 or more prior 
lines of therapy. The most common AEs of any grade 
were nausea (53%), fatigue (35%), and vomiting (31%). 
AEs of grade 3 or higher included nausea, fatigue, and 
vomiting, each observed in 3% of study participants. The 
clinical benefit rate was 29%. On the basis of manageable 
toxicity, absence of dose-limiting toxicities, and prelimi-
nary evidence of efficacy, the recommended phase 2 dose 
of OP-1250 is 120 mg, daily. OP-1250 is being evaluated 
in combination with other agents.48,49 

All of these novel agents are now being tested in 
early-phase trials in combination with targeted agents, 
including CDK4/6 inhibitors. Results from ongoing or 
planned phase 3 trials are eagerly awaited.
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