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Simple Summary: Breast cancer is a common type of cancer among women. One type, called estrogen receptor-
positive (ER+), is treated with endocrine therapies. However, some patients develop resistance to these
therapies, which is a challenge. Scientists have developed second-generation drugs, called selective estrogen
receptor degraders (SERDs), that can overcome the limitations of the existing treatment. These drugs are taken
orally which is more convenient for patients. This is important because it offers a more effective and less
invasive treatment option for patients with ER+ breast cancer who develop resistance to endocrine therapies.
Several oral SERDs are currently in clinical trials, which means they are being tested on patients. If they prove
effective, they could become a standard treatment for ER+ breast cancer in the future.

Abstract: Breast cancer is the most common cancer among women worldwide, and estrogen receptor-positive
(ER+) breast cancer accounts for a significant proportion of cases. While various treatments are available,
endocrine therapies are often the first-line treatment for this type of breast cancer. However, the development
of drug resistance poses a significant challenge in managing this disease. ESR1 mutations have been identified
as a common mechanism of endocrine therapy resistance in ER+ breast cancer. The first-generation selective
estrogen receptor degrader (SERD), fulvestrant, has shown some activity against ESRI mutant tumors.
However, due to its poor bioavailability and need for intramuscular injection, it may not be the optimal therapy
for patients. Second-generation SERDs have been developed to overcome these limitations. These newer drugs
have improved oral bioavailability and pharmacokinetics, making them more convenient and effective for
patients. Several oral SERDs are now in phase III trials for early and advanced ER+ breast cancer. This review
summarizes the background of oral SERD development, the current status, and future perspectives.

Keywords: breast cancer; estrogen receptor-positive; endocrine therapies; resistance; selective estrogen
receptor degraders; SERDs; oral

Introduction

Breast cancer is a leading cause of cancer-related deaths among women worldwide, with over 2
million new cases diagnosed each year [1]. It is estimated that there were 297,790 new breast cancer
cases in 2023, accounting for 15% of new cancer diagnoses with 43,700 deaths [2]. The majority of
breast cancers express the estrogen receptor (80%) [3]. Therefore, endocrine therapy (ET) has been a
mainstay of breast cancer treatment for many years. ET blocks the estrogen receptor pathway and
inhibits the growth and proliferation of estrogen receptor-positive (ER+) breast cancer[3]. Aromatase
inhibitors (Al) and a selective ER modulator, tamoxifen, have been used to treat ER+ breast cancers.
However, the development of resistance to these ET has limited their effectiveness, driving the
exploration of new treatment options [4]. Fulvestrant, a Selective Estrogen Receptor Degrader
(SERD), represents a newer class of ET that specifically target and degrade the ER, reducing ER’s
activity and inhibiting the growth of ER+ breast cancer [5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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This unique mechanism of action offered the potential for fulvestrant to effectively treat breast
cancers that have developed resistance to traditional ET [6]. Fulvestrant has been shown to prolong
progression-free survival and possibly overall survival compared to Al among metastatic ER+ HER2
non-amplified (HER2-) breast cancer patients [7-9]. In addition, fulvestrant has been well tolerated,
with the most common side effects being mild to moderate, including hot flashes, fatigue, and join
pain in the clinical trials [9].

Mechanism of Action of SERDs

The activity of the ER is primarily mediated through its interaction with specific DNA sequences
known as estrogen response elements (EREs). The estrogen binding to the ER promotes the
dimerization of the receptor and its subsequent binding to the EREs located in the promoter regions
of estrogen-responsive genes. Once bound to the ERE, the ER acts as a transcription factor, recruiting
coactivators or corepressors to initiate the transcription of the target genes [8]. Als primarily act by
reducing estrogen levels available for binding to the ER, thereby decreasing its activity as a
transcription factor. In contrast, SERMs bind to the ER and modulate its activity tissue-specific
manner. For example, in breast tissue, SERMs such as tamoxifen act as antagonists, competing with
estrogen for the ER binding site and preventing the activation of genes involved in cell growth and
proliferation. Selective estrogen receptor degraders (SERDs) are a newer class of ET that bind to the
ER and induce its degradation, thereby reducing the overall activity of the receptor. Unlike SERMs,
which can act as either agonists or antagonists, SERDs act exclusively as antagonists of the ER. This
class of drugs includes fulvestrant, the first and, until January 2023, the only FDA-approved SERD.
SERDs can block the effects of estrogen on breast cancer cells by binding to the ER and promoting its
degradation, leading to a decrease in the expression and activity of ER target genes [10]. (Figure 1)
Fulvestrant has been shown to induce the proteasomal degradation of the ER in a dose-dependent
manner [11]. This is achieved through its ability to promote the dissociation of chaperone proteins
such as heat shock protein 90 (Hsp90) and p23 from the ER, resulting in the exposure of a
hydrophobic surface on the receptor recognized by the E3 ubiquitin ligase complex. The E3 ligase
then adds ubiquitin molecules to the exposed lysine residues on the ER, targeting it for the
degradation by the proteasome [12]. Additionally, fulvestrant has been shown to have a longer
duration of action than other ER antagonists due to its ability to induce downregulation and
degradation of the receptor, as opposed to simply blocking its activity [10].

Mechanism of action of ORAL SERDS
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Figure 1. Common pathway for estrogen in breast cancer. B. Metastatic breast cancer patients may
experience resistance mechanisms to endocrine therapy. A mutation of estrogen receptor 1 (ESR1)
causes constant ER activity and enhanced transcription of ER-dependent genes without hormones,
resulting in resistance to estrogen deprivation and aromatase inhibitor therapy. C. SERDs bind to the
estrogen receptor, then E3 ubiquitin ligases and ubiquitinate the ER, marking it for degradation by
the proteasome. The proteasome eventually degrades the ubiquitinated ER. Created with
BioRender.com.

Overall, the unique molecular mechanism of the fulvestrant as a SERD has led to its successful
use in treating advanced ER+ breast cancer, both as a first-line therapy and in patients who have
progressed on prior endocrine therapies as a single agent or in combination with other ET or targeted
therapies [8,13-16].

However, fulvestrant has several limitations. Fulvestrant is only available as an injectable
formulation. This can be inconvenient for patients who prefer oral medications or have difficulty with
injections. Compared to an Al, fulvestrant seems to be superior in treating ER+ metastatic breast
cancer with ESR1 mutation. However, fulvestrant’s efficacy against ESRI mutant metastatic breast
cancer in the second line is modest at best with median PFS ranging from 3-4 months [14,17].
Additionally, and most importantly, after adopting CDK4/6 inhibitors in combination with Al as the
standard first-line treatment for metastatic ER+ breast cancer a few years ago, newer clinical data
have revealed minimal efficacy of fulvestrant monotherapy in the second line among these CDK4/6
inhibitor-treated tumors [18]. Several oral SERDs are in development to address these drawbacks and
are currently in clinical trials.

Elacestrant

Elacestrant is a nonsteroidal oral SERD that degrades ER and inhibits gene transcription,
induction, and cell proliferation, specifically in ER+ breast cancer cell lines [13]. In January 2023, this
drug became the first oral SERD to receive the FDA’s approval in treating ER+ HER2 negative (HER2-
) metastatic breast cancer [19].
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RAD1901-005 was a phase I study that studied the effects of elacestrant as monotherapy among
pretreated postmenopausal patients with ER+ HER2- metastatic breast cancer. Elacestrant was
associated with an objective response rate (ORR) of 19.4% among patients who received RP2D, 15%
in patients with prior SERD use, 16.7% in patients with prior CDK4/6i use, and 33.3% in patients with
ESR1 mutation. The clinical benefit rate was 42.6% overall. No dose limiting toxicity (DLT) was
observed. The most common adverse effects (AEs) include nausea (33%), increased blood
triglycerides (25%), and decreased blood phosphorus (25%). Lastly, the most AEs were grades 1-2.
The recommended phase II dose was 400mg once daily [13]. RAD1901-106 was a phase Ib open-label
non-randomized study investigating the effects of elacestrant monotherapy on the ER binding sites
in 16 patients with pretreated postmenopausal ER+ metastatic breast cancer. The median reduction
in tumor fluoroestradiol (FES) uptake was 89.1%. ORR was 11.1%, and the clinical benefit rate was
30.8%. Common AEs include nausea (68.8%), fatigue (50%), and dyspepsia (43.8%). Most AEs were
grade 2 in severity. Findings showed reduced ER availability with elacestrant doses of 200 or 400 mg
daily and a modest antitumor activity in this heavily pretreated population [20]. SOLTI-1905 ELIPSE
was a phase I study investigating the effect of preoperative elacestrant monotherapy on cancer cell
proliferation in postmenopausal women with treatment-naive ER+ HER2- early-stage breast cancer
[21]. The primary endpoint was complete cell cycle arrest (CCCA) defined as Ki67 < 2.7%. After 4
weeks, CCCA was achieved in 27% of patients. A 41% relative reduction in Ki-67 from baseline was
also observed. One treatment-related AE required the patient to discontinue treatment. Most AEs
were hot flash and constipation, which were all grade 1. These findings showed that elacestrant was
associated with good biological response with a tolerable safety profile [22].

The encouraging data from the RAD1901-005 study supported the development of the
EMERALD trial, an active phase III trial comparing the efficacy and safety of elacestrant with the
standard of care (SOC) ET (fulvestrant or exemestane) in patients with breast cancer who have prior
received a CDK4/6 inhibitor [13]. The EMERALD trial showed an increase in progression-free
survival (PFS) [6 months PFS 34.3% (95% CI, 27.2 to 41.5) versus 20.4% (95% CI, 14.1 to 26.7), HR 0.70
(0.55 to 0.88)] associated with elacestrant versus SOC. Among the patients with ESR1 mutation, the
6-month PFS was 40.8 vs. 19.1 months [HR 0.55 (0.39 to 0.77)], demonstrating more benefit with
elacestrant vs. SOC in this cohort compared to the benefit seen in all patients. Among patients without
ESR1 mutant tumors, the 6-month PFS was 28.58 vs 21.85 months [HR 0.866 (0.628 to 1.186)],
numerically showing the trend towards favoring elacestrant but not reaching the statistical
significance. Twenty-seven percent of patients on the elacestrant arm and 20% on the SOC arm
developed grade 3 or 4 AEs. Most common AEs with elacestrant were GI related, including nausea,
vomiting, diarrhea, decreased appetite, and arthralgias. In addition, the duration of disease control
with a CDK4/6 inhibitor was predictive of the benefit of elacestrant compared to SOC. Patients with
at least 6 months, 12 months, and 18 months of prior CDK4/6 inhibitor use had median PFS of 2.79
vs. 1.91 months, 3.78 vs. 1.91 months, and 5.45 vs. 3.29 months, favoring elacestrant in each group
[23]. Based on the results from the EMERALD trial, elacestrant was approved by the FDA for treating
ER+ HER2- advanced breast cancer with ESR1 mutation and prior treatment with at least one line of
ET.

There are a few ongoing studies with elacestrant. The ELEVATE study is a phase 1b/2, open-
label, umbrella study where RP2D of elacestrant, combined with other drugs (alpelisib, everolimus,
ribociclib, and palbociclib), will be identified and safety and efficacy assessed (NCT05563220)[24].
NCT04791384 is an ongoing phase Ib/II study investigating the combination therapy of elacestrant
with abemaciclib in HR+ HER2- metastatic breast cancer with metastasis to the brain [25].

Other Oral SERDs in Development

Camizestrant (AZD9833)

Camizestrant is a pure ER antagonist and next-generational oral SERD. SERENA 1 is a phase I,
open-label, dose-dependent exposure trial that analyzed the safety, tolerability, and preliminary
clinical efficacy of camizestrant monotherapy [part A (escalation)/ part B (expansion)] and in
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combination with palbociclib (parts C/D), everolimus (E/F), abemaciclib (G/H) and capivasertib (I/])
in pretreated women with ER+ HER2- advanced breast cancer. In part A/B, treatment-related AEs
were visual disturbances, bradycardia, nausea, fatigue, dizziness, and vomiting. Three doses- 75mg
QD, 150mg QD and 300mg QD were proposed for a phase II study. One out of 7, 2 out of 11, and 2
out of 10 patients achieved ORR with these doses, respectively, in this study [26]. SERENA-1 parts
C/D is an ongoing study with a multi-part open-label trial currently examining camizestrant
combined with palbociclib. Data from camizestrant 75mg QD in combination with the standard dose
of palbociclib has been presented [27]. Some patients experienced bradycardia, GI disturbances, and
visual disturbances likely related to camizestrant; however, most were grade 1, and no patients
required dose interruption or reduction for AEs in this study. The clinical benefit rate at 24 weeks for
these heavily pretreated patients was 28% with this combination [27]. This combination will be
further analyzed in ongoing phase III studies of SERENA-4 and SERENA-6 [27].

SERNA-2 is a randomized, open-label, multicentre phase II trial that analyzed the efficacy and
safety of camizestrant with the various dosages of 75mg-300mg administered as a monotherapy in
women with ER+, HER2- previously treated advanced breast cancer in comparison with fulvestrant.
Camizestrant 300mg QD arm was discontinued after 20 patients were enrolled in that arm.
Camizestrant significantly reduced the risk of disease progression by 42% at a 75mg dose [HR] 0.58,
0.41-0.81); p=0.0124, p=0.0124, PFS of 7.2 vs. 3.7 months) and 33% at a 150mg dose [HR 0.67, 0.48-
0.92); p=0.0161, PES of 7.7 vs 3.7 months) compared to fulvestrant [28]. Among the ESR1 mutant
tumors, median PFS with camizestrant 75 and 150mg QD and fulvestrant were 6.3, 9.2, and 2.2
months, numerically favoring a benefit with camizestrant compared to fulvestrant but was not
statistically significant as this phase II study was not powered to demonstrate benefit in ESR1 mutant
subset. Among the ESR1 wild-type tumors, the efficacy seemed similar numerically: 7.2, 5.8, and 7.2
months, respectively. Twelve percent of patients receiving 75mg QD of camizestrant developed grade
3 or higher AEs compared to 13% receiving fulvestrant and 21% receiving camizestrant 150mg QD.
The most common AEs were bradycardia, visual disturbances, and fatigue.

Multiple ongoing trials are investigating camizestrant further. SERENA-3 is a randomized,
open-label, parallel-group pre-surgical trial looking at different Camizestrant 75-150mg doses in
postmenopausal and possible premenopausal women with ER+/HER2- primary breast cancer [29].
SERENA-4 is an ongoing randomized multicenter, double-blind phase III trial comparing the safety
and efficacy of camizestrant plus palbociclib vs. anastrzole plus palbociclib in patients with
ER+/HER2- previously untreated breast cancer [30].

SERENA-6 is a novel and exciting phase III clinical trial where patients with advanced ER+
HER?2- breast cancer who are receiving an Al plus palbociclib or abemaciclib and have developed
ESR1 mutation but without overt disease progression will be randomized to continuation of current
treatment vs. switching Al to camizestrant with the continuation of same CDK4/6 inhibitor [31]. The
primary endpoint is PFS.

Giredestrant

Giredestrant is another nonsteroidal SERD designed to target ER+ breast cancer [32]. GO39932
is an la/lb multicenter, open-label, dose-escalation study investigating the safety profile and
preliminary antitumor activity of giredestrant alone, giredestrant in combination with palbociclib.
Participants have ER+ HER2- advanced or metastatic breast cancer [33].

In GO39932 Cohort A, giredestrant as a single agent was well tolerated at all doses without any
DLTs, with low-grade AEs (i.e., nausea, arthralgia, and fatigue), none of which required participants
to discontinue treatment in phase 1a. It had encouraging antitumor effects and clinical benefits at all
doses [34]. In GO39932 cohort B, giredestrant with palbociclib was assessed. None of the participants
had to discontinue treatment due to AEs. Adverse effects in >/=10% of patients included neutropenia,
fatigue, bradycardia, diarrhea/constipation, dizziness/nausea, and so forth. 57% of patients had >/=
grade 3 AEs. 50% of patients had >/= grade 3 neutropenia. No drug-drug interactions were observed
between giredestrant and palbociclib [32,34]. Clinical activity reported for the 30mg monotherapy
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arm and the 100mg dose with the palbociclib arm was encouraging, with ORR at 20.0% and 47.7%,
respectively. Clinical benefit rates were 55.0% and 81.3%, respectively [35].

acelERA BC is a randomized, open-label, multicenter phase 2 study. It investigated the safety
and efficacy of girdestrant compared to physicians’ choice ET (fulvestrant or an Al) for patients with
ER+ HER2- locally advanced or metastatic breast cancer who have already been treated with one to
two types of systemic therapy [36]. The trial could not meet the primary endopoint of investigator-
assessed PFS; nevertheless, the giredestrant did show numerical improvement compared to ET in
ORR and clinical benefit rate. Additionally, in patients with the ESRI mutation, their PFS was
numerically higher with the giredestrant. Lastly, it was well tolerated and had a good safety profile
consistent with others [37].

CoopERA is a completed randomized, open-label, multicenter phase 2 study investigating the
efficacy, safety, and pharmacokinetics of giredestrant versus anastrozole within a 14-day window of
opportunity phase followed by 16 weeks of neoadjuvant treatment phase of giredestrant plus
palbociclib vs. anastrozole plus plalbociclib. The patient population is postmenopausal with ER+
HER?2- untreated early breast cancer [38]. Giredestrant did indeed meet the primary endpoint and
had higher Ki-67 suppression after week 2 compared to anastrozole. Note, this higher suppression
continued up to surgery with giredestrant with palbociclib (-81% [95% CI: —-86%, —75%]) versus
anastrozole with palbociclib (-74% [95% CI: -80%, —67%]). Lastly, the safety profile compares to other
giredestrant studies. This study shows that giredestrant demonstrates more antiproliferation in ER+
HER- early breast cancer than an aromatase inhibitor, anastrozole. Giredestrant with palbociclib also
had a higher complete cell cycle arrest at surgery, defined as Ki67 < 2.7% compared to anastrozole
with palbociclib (20% vs. 14%) [39]. There are multiple ongoing studies investigating giredestrant in
ER+ breast cancer where results are pending.

evERA is an ongoing randomized, open-label, multicenter phase III study that investigates the
efficacy and safety of giredestrant with everolimus versus exemestane with everolimus. Participants
are patients with ER+ HER2- locally advanced or metastatic breast cancer [40].

lidERA is an ongoing randomized, open-label, multicenter phase III study investigating the
efficacy and safety of giredestrant versus physician's choice endocrine therapy. Participants are
patients with medium-risk and high-risk histologically-proven Stage I to Stage III confirmed ER+
HER?2- early breast cancer [40,41]. Both pre and postmenopausal women are eligible for this study.

Amcenestrant

Amcenestrant is an orally bioavailable SERD with pure ER antagonism in vivo [42]. AMEERA-
1 is an open-label single-arm study that evaluated amcenestrant monotherapy in postmenopausal
women with ER+/HER?2- advanced breast cancer who were heavily pretreated. In AMEERA-1 arm 1
part A-B, the optimal dosing of 400mg QB of amcenestrant monotherapy was chosen for Phase 2 dose
with no grade >3 TRAEs like cardiac/eye toxicities reported. The confirmed objective response rate
was 5/46 (10.9%), with an overall clinical benefit rate (CBR) of 13/46 (28.3%). The ESR1 wild type and
mutated ESR1 showed similar CBR of 34.6% and 21.1%, respectively [43]. The result showed that
amcenestrant at RP2D of 400mg QD monotherapy demonstrated antitumor activity regardless of
baseline ESR1 mutation status and was well tolerated [43].

AMEERA-3 was a prospective, open-label, randomized phase 2 study to assess safety and
efficacy of amcenestrant compared to ET of physician’s choice in patients with ER+/HER2- metastatic
or locally advanced breast cancer or metastatic breast cancer that progressed on ET. However, the
trial did not meet its primary endpoint. The PFS was similar at 3.6 months for amcenestrant and 3.7
months for endocrine monotherapy [44]. TRAEs mainly were grade 1 or 2. In the I-SPY2 Endocrine
Optimization Protocol (EOP) the safety and efficacy of amcenestrant was evaluated with and without
abemaciclib or letrozole [45]. The primary objective of the EOP is to assess the feasibility of treating
molecularly selected patients with early stage ER+ HER2- molecular low risk breast cancerwith
neoadjuvant endocrine therapy.

AMEERA-4 (NCT04191382) was a phase II preoperative window of opportunity that compared
the safety and efficacy of two dose levels of amcenestrant and standard dose of letrozole with paired
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biopsies assessed for biomarkers in 1:1:1 randomization design among early stage ER+ HER2- breast
cancer patients [46]. The primary endpoint was the change from baseline in Ki67 after 2 weeks of
treatment with amcenestrant or letrozole using paired biopsies. The reduction of Ki67 was 75.9%
(67.9, 81.9) for amcenestrant 400 mg, 68.2% (58.4, 75.7) for amcenestrant 200 mg and 77.7% (70.0, 83.4)
for letrozole.All TRAEs were grade 1 or 2 and were similar among 3 arms ranging from 20-25%. This
trial was prematurely discontinued by the sponsor due to their strategic decision to stop the
development of this drug.

AMEERA-5, a phase III, randomized, double-blind, multinational study that analyzed women
with ER+HER2- metastatic breast cancer and compared amcenstrant plus palbociclib versus letrozole
plus palbociclib failed to reach the prespecified boundary of continuation on interim analysis [47].
Based on this, the global clinical development of amcenestrant was discontinued by the sponsor.

Imlunestrant

Imlunestrant is another oral SERD in development. EMBER is an ongoing phase 1a/1b study
with imlunestrant (doses 200-1200 mg) used as a monotherapy and combined with abemaciclib +/-
an aromatase inhibitor (anastrozole, exemestane, or letrozole). In phase 1a, patients with ER+ HER2-
advanced breast cancer with three or fewer prior therapies were recruited. Patients with ER+
endometrial cancer with prior platinum therapy were also recruited [48]. So far, monotherapy
demonstrates no dose-dependent toxicities, TEAEs mostly grade 1 or 2, including nausea, fatigue,
and diarrhea. There was one grade 3 TEAE, diarrhea. Additionally, combination therapy
(imlunestrant with abemaciclib +/- an aromatase inhibitor) in phase 1b has shown a satisfactory safety
profile [49]. New findings presented at the 2022 San Antonio Breast Cancer Symposium regarding
the combination therapy shows favorable efficacy with a 12-month PFS compared to existing
historical data from MONARCH 2 and 3 [50]. Another monotherapy trial is EMBER-2, an ongoing
phase 1 study preoperative window studying the effects of imlunestrant on Stage I-IIl ER+ HER2-
breast cancer in postmenopausal patients. As of yet, no results have been released [51].

EMBER-3 is an open-label, randomized 3-arm phase 3 study which compares safety and efficacy
of imlunestrant monotherapy vs. SOC ET (exemestane or fulvestrant) vs. imlunestrant plus
abemaciclib among advanced ER+ HER2- breast cancer patients who have prior received an ET for
advanced breast cancer [52] . EMBER-4 is another ongoing phase 3 study investigating imlunestrant
compared to SOC ET in participants with high risk ER+ HER2- early breast cancer. These participants
will have already had two to five years of adjuvant endocrine therapy prior to this [53].

Rintodestrant

Rintodestrant is an oral SERD that competitively binds and degrades the estrogen receptor (ER).
The safety and efficacy of rintodestrant were investigated in a phase 1 study NCT03455270 among
ER+ HER2- advanced breast cancer patients. Based on the part 1 (dose escalation) and part 2 (dose
expansion), optimal dose of rintodestrant was 800mg daily. Overall 63% patients develop TRAEs and
most common TRAEs were hot flush, fatigue and nausea [54]. The part 3 of the study assessed safety
and efficacy of the combination of rintodestrant with palbociclib in patients with HR+/HER2-
metastatic breast cancer already progressed on previous endocrine therapy. The overall CBR with
this combination was 61% (61% among ESR1 wild type, 56% ESR1 mutant) [55].

AZD9496

AZD9496 is a preclinical compound that can be taken orally and is nonsteroidal, potent, and
selective in the degradation and inhibition of ER activity [56]. Investigations of the effects of
AZDY9496, tamoxifen, and fulvestrant on estrogen-responsive genes in tumor samples were reported
in a study. A human transcriptome array was used to measure mRNA levels in tumors treated with
the drugs. Gene expression analysis was performed on tumors treated with the drugs. According to
the study results, AZD9496 inhibits the expression of estrogen-responsive genes similarly to
fulvestrant and tamoxifen. A dose-dependent inhibitory effect was also observed between fulvestrant
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and AZD9496 in MCEF-7 cells compared to tamoxifen when estrogen-regulated genes were examined.
A significant decrease in ESR1 mRNA levels was not observed in vitro, suggesting that the protein
downregulation previously described is due to a decrease in protein levels rather than an increase in
transcript levels [57].

A preclinical study showed that AZD9496 could antagonize and degrade the estrogen receptor
in breast cancer cell lines, xenograft models, and patient-derived xenografts with mutations in the
ESR1 gene. AZD9496 was more effective at inhibiting tumor growth when combined with the PI3K
pathway inhibitors and a CDK4/6 inhibitor. Clinical trials of AZD9496 in phase I showed good
tolerability and safety, and some patients who had been heavily pretreated could stabilize their
disease for a prolonged period [57].

As part of a clinical trial conducted by Robertson et al. (NCT03236974), AZD9496 was compared
with fulvestrant with regard to the effects on changes in ER, progesterone receptor (PR), and Ki-67
biomarkers in patients who were newly diagnosed with ER+ HER2- breast cancer. A random
allocation of patients was conducted between days 5 and 14 for treatment with AZD9496 and day 1
for fulvestrant. Based on the study's results, AZD9496 reduced the expression of ER, PR, and Ki-67,
but the reductions were not superior to fulvestrant ones. The plasma concentration of AZD9496 was
lower than predicted, whereas the plasma concentration of fulvestrant was consistent with historical
data. Both treatments had no significant safety concerns and were well tolerated [56].

Other SERDs in Early Stage of Development

Borestrant

ZB716, also called borestrant, is a modified form of SERD fulvestrant with a boronic acid
insertion allowing it to be orally bioavailable. Borestrant has shown superiority in comparison to
fulvestrant with better ER antagonism in preclinical data. ENZENO is an ongoing open-label,
multicenter phase I/Il study investigating borestrant's properties as a monotherapy: safety,
pharmacokinetics, pharmacodynamics, tolerability, and preliminary antitumor properties.
Additionally, these properties will be investigated with combination therapy: borestrant with
palbociclib. Participants are patients with ER+ HER2- locally advanced or metastatic breast cancer.
As of yet, no results have been released [58].

D-0502 (Taragarestrant)

This study, with identifier NCT03471663, is an ongoing open-label phase 1 study investigating
the safety, pharmacokinetics, preliminary antitumor properties, and tolerability of D-0502 as a
monotherapy as well as in conjunction with palbociclib as a combination therapy. Participants are
patients with ER+ HER2- advanced or metastatic breast cancer [59]. So far, results have shown good
tolerability and preliminary clinical activity with D-0502. Regarding 22 patients that received
monotherapy, preliminary efficacy results show an ORR of 5% and CBR of 36%. Among 13 patients
that received D-0502 in combination with palbociclib, preliminary results showed an ORR of 15% and
CBR of 77%. Additionally, there were no dose-limiting toxicities observed [60].

ZN-c5

ZN-c5 is another oral small molecule antagonist and degrader of estrogen receptors that is being
developed [61]. ZN-c5 has shown some activity in estrogen-dependent tumor models and has been
well tolerated in clinical trials. In a clinical trial (NCT04514159), ZN-c5 was combined with
abemaciclib. Patients may have undergone one previous hormonal-based therapy; however, they
have not undergone any prior chemotherapy or received CDK4/6 inhibitors. The study was
conducted in continuous 28-day cycles until disease progression or the occurrence of unacceptable
toxicity. In the first clinical trial, ZN-c5 demonstrated good tolerance when administered at a dose of
50 mg [62].

Zn-c5 is an effective antagonist of the estrogen receptor in vivo and in vitro, as well as a potent
degradative agent, and it is highly bioavailable compared to other SERDs. Oral administration of ZN-
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c5 at 5 mg/kg and 10 mg/kg resulted in significant inhibition of tumor growth in MCF-7 orthotopic
tumor xenograft models, and ZN-c5 combined with CDK4/6 or PI3K inhibitors enhanced antitumor
activity. The antitumor activity of ZN-c5 was also improved over that of fulvestrant in ER mutant
models [61]. As a single agent and in combination studies, zinc-c5 is currently undergoing clinical
trials, and its potency and degradation properties may potentially benefit patients with estrogen
receptor-positive breast cancer (NCT03560531, NCT04514159) [62,63].

In addition to testing ZN-c5 on MCEF-7 cells, its effects were also tested on patient-derived
xenograft models with ER mutations, such as WHIM20, a patient-derived model with the Y5375
mutation in ESR1. ZN-c5 at 40 mg/kg reduced tumor growth by 64%, while fulvestrant at 200 mg/kg
only reduced tumor growth by 13% (eight times higher than the clinical dose). According to these
results, ZN-c5 exhibits superior antitumor properties compared with fulvestrant in xenograft models
of human tumors [61].

In a clinical trial (NCT04514159), ZN-c5 was administered in combination with abemaciclib.
Patients may have undergone one previous hormonal-based therapy; however, they have not
undergone any prior chemotherapy or received CDK4/6 inhibitors. The study was conducted in
continuous 28-day cycles until disease progression or the occurrence of unacceptable toxicity In the
first clinical trial, ZN-c5 demonstrated good tolerance when administered at a dose of 50 mg [62].
This treatment demonstrates encouraging antitumor properties as an orally bioavailable SERD,
thereby holding the potential to offer significant benefits to individuals afflicted with estrogen
receptor-positive breast cancer.

Discussion

SERDs are important endocrine therapy used to treat ER positive breast cancer. Parenteral SERD
fulvestrant has been approved and been used in the treatment of metastatic ER positive breast cancer
for the last 2 decades. However, need for large volume intramuscular injections and poor
bioavailability are important limitations of fulvestrant. In addition, in the current era of CDK4/6
inhibitors, the activity of fulvestrant on ER positive breast cancer (both ESR1 wild type and ESR1
mutant) after tumor progression on CDK4/6 inhibitors appears limited.

The current trend of robust clinical studies for the development of oral SERDs may replace
fulvestrant and improve outcomes of patients with ER positive metastatic breast cancer. Elacestrant,
a novel oral SERD has already received approval from the FDA for the treatment of ESRI mutant ER
positive HER2 negative metastatic breast cancer after at least one line of endocrine therapy. Based on
the elacestrant data, ESR1 mutation and longer disease control with a CDK4/6 inhibitor appear to be
predictive biomarkers for this oral SERD.

Fulvestrant still has a role in treating ER positive HER2 negative metastatic breast cancer,
especially those with ESR1 wild type, often in combination with a targeted therapy. In addition,
clinicians may chose fulvestrant in clinical scenario where compliance for oral medication is
questionable. Similarly, elacestrant (and future oral SERDs, if approved) are prescription drugs while
fulvestrant is generally administered in oncology clinics. There may be insurance coverage and out-
of-pocket costs variations between oral SERDs vs. fulvestrant. This should also be explored and
discussed with the patients.

From safety standpoint, in general, adverse effects associated with oral SERDs seem to be
manageable. As the results of ongoing studies with novel oral SERDs (as single agent or in
combination with other targeted therapies), the landscape of endocrine therapy-based treatment for
ER positive HER2 negative breast cancer may continue to evolve in the next few years. There is a lack
of data of activity of oral SERDs in PIK3CA mutant ER positive HER2 negative metastatic breast
cancer. Hopefully, current ongoing studies and planned future studies will address this.

Conclusions

In this paper, we have discussed current preclinical and clinical data on novel oral SERDs. Many
oral SERDs demonstrate meaningful efficacy and manageable safety in early-stage clinical trials. As
of May 2023, elacestrant remains the only oral SERD to have received FDA’s approval in the treatment
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of ER positive HER2 negative metastatic breast cancer. Results of ongoing studies may lead to
approval of more oral SERDs as a single agent or as a part of combination therapy in this space.

Table 1. Summary of the clinical trial of SERD with its efficacy and safety features.

Trial Status
(Identifier)
RAD1901-
005 Complete

(NCT02338 d
349)

RAD1901-
106 Complete
(NCT02650 d
817)

SOLTI-
1905
ELIPSE
(NCT04797
728)

Complete

NCT047913

84 Recruiting

EMERALD  Active,

(NCT03778 not
931) recruiting
GO039932 Active
Cohort A ot /
(NCT03332 recruiting
797)

Study
design

Phase I
Single
group,
open-
label

Phase Ib
Two-
cohort,
open-
label

Phase I
Single
group,
open-
label

Phase
Ib/II
Single
group,
open-
label

Phase III
Randomi
zed,
open-
label

Phase I
Non-

ed, open-
label

Study
drug

Elascetran
t (400 mg
daily)

Elascetran
t (200-400
mg daily)

Elascetran

t (400 mg

daily for 4
weeks)

Elascetran
t+
Abemacicl
ib

Elascetran
t vs SOC
(i-e.
fulvestran
t,
anastrozol
€,
letrozole,
exemestan

e)

Giredestra

randomiz nt (10-250

mg)

Number
enrolled

57

16

23

44

181

Diseas

setting

LABC
or mBC

LABC
or mBC

Early
resecta
ble
breast
cancer

mBC

LABC
or mBC

LABC
or mBC

Study
Population

Postmenop
ausal
patients
with ER+
HER2- BC

Postmenop
ausal
patients
with ER+
HER2- BC

Treatment
naive
postmenop
ausal
patients
with ER+
HER2- BC

ER+ HER2-
BC with
brain mets
and </=2
prior lines
of
treatment

Postmenop
ausal
patients
with ER+
HER2- BC

ER+ HER2-
BC

Results

ORR 19.4% in patients
with RP2D, 15% in
patients with prior SERD
use, 16.7% in patients
with prior CDK4/6i use,
and 33.3% in patients
with ESR1 mutation. The
clinical benefit rate was
42.6% overall

Median reduction in
tumor FES uptake was
89.1%. ORR was 11.1%
and clinical benefit rate

was 30.8%

After 4 weeks, CCCA
was achieved in 27% of
patients. A 41% relative
reduction in Ki-67 from
baseline was observed

N/A

The longer the duration
of prior CDK4/6i, the
increased PFS observed
with elacestrant vs SOC.
With duration on
CDK4/6i of at least 12
months, median PFS was
8.6 months with
elacestrant compared to
2.1 months with SOC.

ORR at 20.0% and 47.7%
respectively. Clinical
benefit rates were 55.0%
and 81.3% respectively.
Of the FES-PET avid
disease patients, 78%
showed complete or near
complete suppression of
FES uptake.

Safety

No DLTs, most common
AEs include nausea
(33%), increated blood
triglycerides (25%) and
decreased blood
phosphorous (25%),
most AEs were grade 1-
2

Common adverse
effects include nausea
(68.8%), fatigue (50%),

dyspepsia (43.8%). Most
AEs were grade 2 in
severity

1 TRAE event requiring
patient to discontinue
treatment. Most AEs
were hot flush (n=6), hot
flush (n=6), and
constipation (n=2); all of
which were grade 1

N/A

Most AEs were grade 1-
2, such as nausea. There
were no grade 4 TRAEs
reported. 3.4% of
patients with elacestrant
had to discontinue
therapy versus 0,9% of
patients with SOC. No
deaths were observed in
either arms.

No DLTs, low grade
AEs (i.e. nausea,
arthralgia, fatigue).
None of the AEs
required treatment
termination
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acelERA
BC
(NCT04576
455)

G0O39932
Cohort B
(NCT03332
797)

Active,
not
recruiting

Phase
MORPHE Ib/1L
Us- Randomi
BREAST Recruiting zed,
CANCER
(NCT04802
759)

open-
label,

umbrella
study

Giredestra
nt (30 mg)
+/-
abemacicli
b/ipatasert
ib/inavolis
ib/ribocicli
b/everoli
mus/samu
raciclib/P
HFDC
SC/PH
FDC SC +
abemacicli
b/ PH
FDC SC +
palbocicli
b

510

Cohort 1:
ER+ HER2-
BC who
have
shown
disease
progressio
n during or
after
CDK4/6
inhibitor
treatment
in either 1st
or 2nd line
setting.
Cohort 2:
ER+ HER2+
BC who
have
shown
disease
progressio
Inoper n during or
able aft?r SOC
LABC anti-HER2

or mBC the'rapy
(ie.
trastuzuma
b-and-
taxane-
based
therapy),
HER2-
targeting
ADC (i.e.
ado-

N/A N/A

trastuzuma
b
emtansine
or
trastuzuma
b-
deruxtecan
), or HER2-
targeting
TKIs (i.e.
tucatinib,
lapatinib,
pyrotinib,
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or
neratinib)
CoopERA
(NCTO04436
744)
Giredestra
nt (30 mg)
+ ER+ HER2-
everolimu BC
s (10 mg) participant
Phase I1I, for 4 s with
evERA Randomi  weeks LABC prior
(NCTO05306 Recruiting zed, versus 320 or mBC tlf‘eatmer;t N/A N/A
340) open-  Exmestan of CDK4/6
label e (25mg) inhibitors
+ and
everolimu endocrine
s (10 mg) therapy
for 4
weeks
Giredestra
nt+
Phesgo
versus ET
(investigat
Phase III )
heredERA Randomi chgicm) + LABC E]?é t}rljiz;
(NCT05296 Recruiting zed, 812 . N/A N/A
798) open- Phesgo or mBC previously
after untreated
label induction
therapy
with a
taxane +
Phesgo
Giredestra
nt (30 mg
daily) +
palbocicli
b (125mg
for 3
weeks in
every 4
Phase III, week ER+ HER2-
persevERA Randomi  cycle) LABC recurrent
(NCTO04546 Recruiting zed, versus 978 or mBC or N/A N/A
009) double- letrozole progressed
blind (2.5mg BC
daily) +
palbocicli
b (125 mg
for 3
weeks in
every 4
week

cycle)
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?:(ei)ers:‘ga Medium to
Phase Il  daily) ; igh rIlSIII(I
lidERA Randomi  versus carl his?ogleo ical
(NCT04961 Recruiting ~ zed,  physician’ 4100, cy 1 & N/A N/A
996) open- s choice con ﬁi,me d
label ET for 5 ER+ HER?
years (if BC
tolerated)
DLT at 300 mg and 450
ERENA-1 Phase I . G1: Visual
5 arIt\I A FII%IS i camizestra LABC  Women 85% loss of mESR1,0ORR rgigstlcl;rbar\ls:sa
P Ongoing " nt(25450 403 with HR+/  16.3%, CBR 42.3% (50% . ’
(NCTO03616 Open mg daily) or mBC HER2-BC  mESR1), mPFS 5.5 mo bradycardia, nausea,
587) Label & y ! ’ fatigue, dizziness,
vomiting, asthenia
TRAE's> 3 75ng: BP
i 1.3%)fati
Camizestrant 75mg increase (1.3%) a’Flgue,
. nausea, anemia,
reduced the risk of ! .
. . . arthralgia, alanine
Phase 11 camizestra postmenop  disease progression by transaminase increase
SERENA-2  Active, . nt(75-300 ausal 42% at a 75mg dose . . !
randomiz LABC extremity pain,

(NCT04214 not mg) vs 240 women ([HR] 0.58, p=0.0124,

ed, open- or mBC hyponatremia, 150mg

288) recruiting label fulvestran with HR+/ median PFS of 7.2 versus BP increase 1.3%, 300mg
t HER2- BC 3.7 months 33% at a diarrhea (5.0%) and BP
150mg dose HR 0.67, PFS o
Increase (5.0%),
of 7.7 versus 3.7 months .
Fulvestrant-Anemia
(2.7%)
camizestra postmenop
nt (75- ausal
Phase II (possible
randomiz 150mg) LABC premenopa
SERENA-3 Recruiting with5day 132 P P N/A N/A
ed, open- hout or mBC usal)wome
label "0 n with
efore HR+/
Surgety HER2- BC
DLT at 150 mg dose. 75
mg cohorts G > 3:
neutropenia (68%). 75
mg cohorts all G:
Phase I i 9
SERENA-1 Mu;‘tsie |0 camizestra 305 (75 women :;les ‘::I(’gles It‘;iéiifgs
parts C/D Oneoin artIsD nt + mg LABC with ORR 12%, 24 weeksCBR (44%), fatigue (20%)
(NCT03616 808 Pa™  albocicli  parts  or mBC ER+/HER2- 28% | W0, tangue EUR)
587) open b /D 25) BC infections (20%), anemia
label (20%), bradycardia
(16%), nausea (16%),
decreased appetite
(12%), diarrhea (12%),
vomiting (12%)
camizestra
t(7
Phase III ndeEilS )nlg De novo or
SERENA-4 randomiz palbgcicli LABC recurrent
(NCT04711 Recruiting ed, b (125 mg 1342 or mBC ER#/HER?- N/A N/A
252) double
blind 3w/ 1w) BC.
Vs

anastrozol
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e(Img
daily) +
palbocicli
b Men
and
premenop
ausal
patient
receive
LHRH
agonist in
addition
to study
treatment
camizestra
nt +
CDK4/61
(pang:mh ER+/HER2-
Phase IIT b i BCon
SERENA-6 randomiz * ?br;lacm ! LABC current 1 L
(NCT04964 Ongoing  ed, /% 300 . SOC. N/A N/A
934) double- treafimer%t Detectable
blind with AT ESRl
mutation.
(anastrozo
le or
letrozole)
+ CDK4/6
Palbociclib w/
Rintodestrnat CBR of
0,
,60 /o compared to G 2 3: neutropenia
Rintodestrant alone of .
(53%), leukopenia
. 28%. ORR 5%
rintodestr (4% WT (18%).
Active, Phase I ant (800 ’ All G: neutropenia
Recruitme  Single mg daily) women ESR1, (90%), leukopeni
NCT034552 ¢ :t € o i c ms +a y Loy LABC  with 6% ( 4;(; )e‘;nzgﬁa a
70 part 3 Oup, - or mBC ER+/HER2- mESR1), o) 2
Complete Open  palbocicli o (15%),
BC CBR 60% .
d Label b (125 mg thrombocytopenia
3w/ 1w) (61% WT (10%)
ESR1, v
56% asymptomatic
o R o
mESR1), bacteriuria (10%)
mPFS 7.4
mo
Phase I/ ORR 5/46 10.9%, (CBR)
o, > 1
AMEERA-  Active, II . amcenestr wor.nen of. 13/46 (28.3%). ESR1  No .G.rade _3‘ TRAE s or
1 1 Not Randomi ant (200- 136 LABC with wild type and mutated clinically significant
ai:IX—B Recr Qtin zed, 600 mg or mBC ER+/HER2-  ESR1 showed similar cardiac/eye toxicities
P ecruting Open daily) BC CBR (34.6% and 21.1% were reported.
Label respectively
AMC postmenop . 0.7% Grade > 3 TRAEs;
PhaseIl =~ 400mg ausal E%tudy dld, nofc meet TRAE’s with AMV vs
AMEERA- . . primary objective, PFS
Active, Randomi WD or women, . TPC Grade 1/2: Nausea
3 Not d Sinel 367 LABC remenopa  PeT ICR numerically (14.0% vs 4.1%)
(NCT04059 o zed, me ¢ ormBC PP giilar between AMC Ve ok
Recruiting  Open  agent TPC usal, or vomiting (8.4% vs
484) . and TPC-PFTS 3.6 vs 3.7
Label  (fulvestra men taking months. HR 1.051 1.4%), hot flush (8.4% vs
nt, GnRH ’ ) 7.5%), asthenia (7.0% vs
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aromatase
inhibitor,
or
tamoxifen
AMEERA-
1 arm 2-5
amcenestr
ant (200
I-SPY1 PhaseIl mg daily)
EOP . Randomi +
(NCTO01042 Recruiting zed, open abemacicli 5000
379) label b/
letrozole
for 6 mo
amcenestr
ant (200
AMEERA- . Phase III. mg daily)
Active, Randomi +
(N CT5 04478 Nc.)t. zed, palbocicli 1068
266) recruiting d01.1b1e b vs
blind letrozole +
palbocicli
b
AMEERA- Phase HI, amcenestr
. Randomi
6 ( Terminate zed ant vs 3
(NCTO05128 d " tamoxifen
773) double 5 years
blind
Imlunestr
Phase ant (200-
Ia/Ib 1200 mg
EMBER Randomi daily) +/-
(NCTO04188 Recruiting zed, open everolimu 500
548) label. S,
multi- abemacicli
cohort b,
alpelisib,

early
stage
BC
neoadj
uvant

LABC
or mBC

early
stage
BC
adjuva
nt

LABC
or mBC
and
other
select
non-
breast
cancer

agonist
with
ER+/HER2-
aBC who
received <2
prior ET
and<1
prior
chemother
apyor<l
targeted
therapy for
aBC.

clinical
highrisk
and
molecular
lowrisk
(MammaPr
int® low-
risk score)
ER+/HER2-
BC (2.5
cm)

N/A

Interim analysis showed

negative results and an
Independent Data
Monitoring Committee
ER+/HER2- found that amcenestrat
BC. ECOG

0-2

in combination with
palbociclibdid not meet
the criteria for
continuation when

compared to the control

arm.

stage IIB or
I ER+/
HER2+ BC
undergone
surgery
and

Study Terminated

adjuvant
RT if
indicated.
HR+
HER2- BC
with 3 or
less prior
lines of
treatment
and ER+
endometria
1 cancer
previously

Combination therapy
also shows positive
antitumor properties
with a 12 month PES in
comparison to
MONARCH 2 and 3

1.4%), fatigue (5.6% vs
6.1%), and injection site
pain (0% vs 6.8%); 4.9%

N/A

No new safety signals
were observed

Study Termianted

Monotherapy
demonstrates no dose-
dependent toxicities,
TEAEs were mostly
grade 1-2 (i.e. nausea,
fatigue, diarrhea).
Combination therapy
showed adequate safety
profile
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trastuzum treated
ab with
platinum
therapy
Phase I :?rl}; Post-
EMBER-2 Active, Randomi Imlunestr a a}%) menopausa
(NCT04647 Not zed, ant 90 BC 1 women N/A N/A
487) recruiting  open- & with ER+
label €% HERo- BC
uvant
Imlunestr
ant +/-
EMBER-3 E:E(S:li)gfi abemacicli ER+ HER2-
(NCT04975 Recruiting  zed, 0 VerSUS  ggo ~ LABC previously N/A N/A
308) open- ET ormBC  treated
(investigat with ET
label
abe or's
choice)
Early Patients
Imlunestr BC with ER+
EMBER-4 II{):j:cslf)in ant versus with  HER2- BC
) ET i h
(NCT05514 Recruiting  zed, . . 6000 oeas. who N/A N/A
054) open- (investigat ed risk received 2-
label or's of 5 years of
choice) recurre adjuvant
nce ET
Phase I/II Borestrant
ENZENO Non- +/- LABC ER+HER2-
(NCT04669 Recruiting randomiz - 106 N/A N/A
587) ed, open- palbocicli or mBC BC
label b
Phase I
Randomi Radiological tumor
Acti D- - BR
NCTO034716 ctive, zed, 0502.+/. LABC ER+ HER2- response a.nd C
63 open-  palbocicli 200 or mBC BC observed in both No DLTs
recruiting  label, b monotherapy and
multi- combination therapy
parts
Postmenop
1
Phase I/II atsa
Open— patients,
NCTO4SHL 5 ooing  label,  ZN-c5s 181  mpc 2denocard N/A N/A
59 multi noma of
ut the breast
center ER+ HER2-
BC
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