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ABSTRACT
◥

The estrogen receptor (ER) is a well-established target for the
treatment of breast cancer, with the majority of patients presenting
as ER-positive (ERþ). Endocrine therapy is a mainstay of breast
cancer treatment but the development of resistance mutations in
response to aromatase inhibitors, poor pharmacokinetic pro-
perties of fulvestrant, agonist activity of tamoxifen, and limited
benefit for elacestrant leave unmet needs for patients with or
without resistance mutations in ESR1, the gene that encodes
the ER protein. Here we describe palazestrant (OP-1250), a novel,
orally bioavailable complete ER antagonist and selective ER
degrader. OP-1250, like fulvestrant, has no agonist activity on
the ER and completely blocks estrogen-induced transcriptional
activity. In addition, OP-1250 demonstrates favorable biochemical

binding affinity, ER degradation, and antiproliferative activity in
ERþ breast cancer models that is comparable or superior to other
agents of interest. OP-1250 has superior pharmacokinetic pro-
perties relative to fulvestrant, including oral bioavailability and
brain penetrance, as well as superior performance in wild-type and
ESR1-mutant breast cancer xenograft studies. OP-1250 combines
well with cyclin-dependent kinase 4 and 6 inhibitors in xeno-
graft studies of ERþ breast cancer models and effectively shrinks
intracranially implanted tumors, resulting in prolonged animal
survival. With demonstrated preclinical efficacy exceeding fulves-
trant in wild-type models, elacestrant in ESR1-mutant models,
and tamoxifen in intracranial xenografts, OP-1250 has the poten-
tial to benefit patients with ERþ breast cancer.

Introduction
In 2022, approximately 288,000 U.S. women were diagnosed with

breast cancer and approximately 43,000 of them will succumb to their
disease (1). Estrogen receptor (ER)a regulates expression of hundreds
of target genes, many of which are involved in cell-cycle progression
and cellular growth (2, 3), and it is a key driver of approximately 70%of
breast cancers (4). Approved treatments for ER-positive (ERþ) breast
cancer include fulvestrant, tamoxifen, and aromatase inhibitors.
Tamoxifen and fulvestrant are ER ligands, displacing estrogens from
cognate receptors (5, 6), whereas aromatase inhibitors block the
conversion of adrenal androgens to estrogens (7). Fulvestrant, a potent
inhibitor and degrader of the ER in vitro, has physiochemical prop-
erties that result in poor absorption and pharmacokinetic profile,
requiring dosing via intramuscular injection every 28 days (8). Tamox-
ifen is orally bioavailable but its partial agonist activity limits its
effectiveness in breast cancer and may lead to an increase in uterine
cancer incidence (9). Aromatase inhibitors are initially effective, but
prolonged treatment can lead to therapeutic resistance in the form of
mutations that confer constitutive activity of the ER (10).

These mutations of the ER, which confer ligand-independent
activity (11) and typically occur in the ligand-binding domain (LBD),
are important drivers of tumor progression (12, 13) and have been
detected with increasing frequency in recent clinical trials of patients
with advanced breast cancer (14, 15); the most often observed are
D538G and Y537S (16). Prior approved therapies are ineffective or
demonstrate reduced efficacy on ESR1 mutations (10, 17), leaving an
unmet need to be addressed by novel agents. The new endocrine agent
elacestrant was recently approved specifically for these patients fol-
lowing results of the EMERALD III trial (18).

Binding of estrogens such as 17b-estradiol (E2) stimulates two
activation functions, AF1 and AF2, to initiate gene transcription and
signaling (19, 20). AF2, located in the C-terminal LBD, undergoes a
conformational change upon E2 binding, impacting interactions with
regulatory proteins such as NCoR and SRC-3 (21, 22). Many genes
regulated by the ER, including key genes involved in cellular prolif-
eration and survival, are also affected by activity of the amino terminal
AF1 domain (23, 24). Although selective ERmodulators (SERM) such
as tamoxifen compete with estrogens in the LBD to block activation of
AF2, many SERMs also activate AF1, resulting in agonist activity in
some cell types including the uterus (25, 26). The term “complete ER
antagonist (CERAN)” refers to ligands such as fulvestrant (5, 27, 28)
that completely shut down estrogen signaling and lack any agonist
activity on the ER in uterine or breast cells. While CERANs generally
result in degradation of the ER and can therefore also be frequently
described as selective ER degraders (SERD), we propose that complete
antagonist activity is a more reliable metric for activity in ERþ breast
cancer than degradation alone (27, 29).

Standard of care for stage IV ERþ breast cancer at first and second
line typically includes an endocrine-targeting agent (aromatase inhib-
itor or fulvestrant) alongside a cyclin-dependent kinase 4 and 6
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(CDK4/6) inhibitor (palbociclib, ribociclib, or abemaciclib; ref. 30).
CDK4/6 are key regulators of the G1-to-S-phase cell-cycle transi-
tion (31), and expression levels of the D-type cyclins that complex
and interact with CDK4/6 are controlled by growth factor signaling,
including that of the ER (31). Ensuring the combinability and lack of
drug–drug interactions of new ER-targeting ligands with CDK4/6
inhibitors is therefore a key interest (32–34).

Given the limitations of approved therapies, there is an unmet
need in metastatic ERþ breast cancer treatment. Here we describe
palazestrant (OP-1250), a novel orally bioavailable complete ER
antagonist and degrader of both wild-type and mutant ER.

Materials and Methods
Key details of the materials and methods used in this study

are described below (see Supplementary Data S1 for additional
information).

Reagents and cell culture
MCF7, CAMA-1, Ishikawa (originally ECC-1), and SK-BR-3 cell

lines were purchased from ATCC. The ST941C cell line was obtained
under license from XenoSTART. Cell lines were authenticated using
short tandem repeat DNA profiling and tested for Mycoplasma at
Laragen. Cells were cultured for no more than 30 passages following
reanimation. E2 (#E8875), 4-hydroxytamoxifen (#H7904), fulvestrant
(#I4409), and MG-132 (#M7449) were purchased from Millipore
Sigma, and elacestrant (#HY-19822) was bought from MedChemEx-
press. Vepdegestrant and palazestrant (OP-1250) were synthesized by
external vendors from published procedures [patents US 10,899,742
B1; Example 341 (35) and WO 2017/059139; Compound B (36)]. Cell
lines were cultured in medium containing 10% FBS (#SH30070.03
Cytiva) or medium supplemented with listed concentration of char-
coal/dextran stripped (CDS) FBS (#SH30068.03 Cytiva). Media used
were Richter’s IMEM (#A1048801 Gibco) supplemented with nones-
sential amino acids (#11140-050 Gibco) for CAMA-1, Eagle’s MEM
(#302003 ATCC) supplemented with 0.01 mg/mL human recombi-
nant insulin (#I9278 Sigma) for MCF7, RPMI1640 (#A104910 Gibco)
supplemented with 10 mmol/L HEPES (#15630-080 Gibco) and
1mmol/L sodiumpyruvate (#11360-070 Gibco) for Ishikawa, RPMI1640
(#A1049101 Gibco) for ST941C, and McCoy’s 5A (#SH30270.01
Cytiva) for SK-BR-3. All cell lines were additionally supplemented
with 1% GlutaMax (#35050061 Thermo Fisher Scientific).

LanthaScreen biochemical competitive binding assay
ERa ligand binding was assayed using the LanthaScreen time-

resolved fluorescence energy transfer (TR-FRET) ERa competitive
binding assay (#A15887 Thermo Fisher Scientific), per manufacturer
protocol. Following 2-hour incubation at room temperature, com-
pound binding was measured as a decrease in TR-FRET and normal-
ized to 10 mmol/L E2 and DMSO vehicle.

Alkaline phosphatase assay
Ishikawa cells were plated in medium containing 4.8% CDS FBS. At

least 4 hours later, cells were treated with compounds in medium
diluted to 2.4% stripped FBS. Cells were incubated for 3 days, medium
was removed, and plates were frozen at �80�C. Thawed plates were
incubated with a chromogenic substrate of alkaline phosphatase (AP),
p-nitrophenyl phosphate (#02212 Thermo Fisher Scientific), for 90
minutes at 37�C, and absorbance read at 405 nm. For antagonist mode
assays, cells were cotreatedwith 500 pmol/LE2. For experiments where
Ishikawa cells were transfected, 75 ng indicated ER constructs were

introduced using Lipofectamine LTX (#15338 Thermo Fisher Scien-
tific) 4 hours before compound treatment and subsequent AP assay.

Cellular proliferation
Proliferation of breast cancer cells was measured using CyQUANT,

a fluorescent DNA-binding dye (#C7026 Invitrogen). Cells were
treated with compounds in duplicate in medium containing 4.8%
CDS FBS in the presence of 100 pmol/L E2 unless otherwise noted.
Treated plates were incubated for 7 days prior to harvest. Following
incubation, medium was removed and plates were frozen at –80�C.
Thawed plates were prepared and quantified per manufacturer pro-
tocol. Fluorescent activity was normalized to the activity of E2 alone,
and replicates with values >130% of E2 vehicle were excluded from
analysis.

Simple Western assay
Ishikawa, CAMA-1 and MCF7 cell lines were plated in medium

containing 4.8% CDS FBS and treated in duplicate with 1 nmol/L E2
or 300 nmol/L ER ligands, in the absence or presence of 10 mmol/L
MG-132. Cells were incubated for between 2 and 72 hours then
lysed with RIPA buffer (#89900 Thermo Fisher Scientific) and
Halt phosphatase and protease inhibitors (#78440 Thermo Fisher
Scientific). Protein concentration was quantified using the Pierce
bicinchoninic acid Protein Assay Kit (#23225 Thermo Fisher
Scientific) per manufacturer protocol. Protein analysis assay was
run on Jess platform, as described previously (37), with 12–230 kDa
Fluorescence Separation Modules (#SM-FL004-1 Bio-Techne),
lysates diluted to a final concentration of 1 mg/mL, and Protein
Normalization reagent (#043-824-C Bio-Techne) loading control.
ERa primary antibody (#MA139540 Thermo Fisher Scientific) was
used with ProteinSimple Anti-Rabbit Detection Module (#DM-001
Bio-Techne). Compass software (Bio-Techne) was used to quantify
ERa levels. Percent ERa was calculated by normalizing ERa
values to the protein normalization reagent and expressing them
as percent of vehicle.

In vitro analysis
Data for LanthaScreen, AP, reporter gene, and cellular proliferation

assays were normalized to E2 vehicle control for each assay and
expressed as percent total response. IC50 or EC50 valueswere calculated
in Prism software using a four-parameter fit. Emax is the percent effect
at the highest drug concentration for each treatment, where 100%
represents maximal response and 0% no change from vehicle control.

Generation of ESR1-mutant cell lines
Ishikawa (originally designated as ECC-1) and CAMA-1 cell lines

were engineered using CRISPR-Cas9 genome editing technology
through the services of Synthego Corporation. Single-guide RNAs
(sgRNA) used had at least two mismatches to potential off-target
regions. Silent mutations were included in the donor to modify the
Protospacer Adjacent Motif (PAM) site for each guide to maximize
knock-in efficiency. sgRNA and spCas9 were complexed to form a
ribonucleoprotein and delivered via electroporation. Knock-in percent
was assessed via PCR amplification and Sanger sequencing, and
clones with desired edits selected and expanded. All cells used in this
publication were validated to be homozygous mutant at the desired
location of ESR1.

mRNA sequencing
RNAwas extracted from frozen cells or tumor samples, enriched for

mRNA using Oligo d(T) beads and prepared for sequencing using the
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NEBNext Ultra II RNA Library Prep Kit (#E7770 New England
Biolabs). Sequencing was conducted on an Illumina HiSeq instru-
ment, with 20–30 million reads per sample. Gene counts and
differential gene expression analyses were carried out using CLC
Genomics Workbench (QIAGEN) utilizing cut-off levels of absolute
fold change >2 and FDR-adjusted P value ≤0.05 to determine
differentially expressed genes.

Precision run-on sequencing
Precision run-on sequencing (PRO-seq) was conducted at Arpeggio

Biosciences. Samples were harvested 15 minutes, 1 hour, 6 hours, and
24 hours after dosing in MCF7 and CAMA-1 cell lines. Cells were
switched to medium containing 4.8% CDS FBS 48 hours prior to
compound treatment. E2 was dosed at 100 pmol/L and other
compounds at 316 nmol/L concentration. Run-on and subsequent
PRO-seq library preparations were performed on permeabilized
cell pellets in a freeze buffer, as described previously (38) but
with modifications. Sequencing was performed using the Illumina
NextSeq500 (single read, 1�75 bp). Data were analyzed and visua-
lized using Arpeggio Insights portal or R.

Bioinformatic analysis
FASTQ files were processed using CLC Genomics Workbench

(QIAGEN). In short, reads were trimmed and filtered with a quality
threshold of 0.05. Reads were mapped to the current Human assembly
GRCh38 as reference using the mapping algorithm provided by CLC
Genomics Workbench. For xenograft samples, reads that mapped
exclusively to the murine reference genome GRCm39 were filtered out
prior to analysis. log2-fold changes were calculated using the Work-
bench software, where gene read counts were assumed to follow a
negative binomial distribution. Significantly upregulated or down-
regulated genes were tallied using an absolute fold change >2.0 and
FDR-adjusted P value ≤0.05. Pathway analysis was performed using
the Ingenuity Pathway Analysis software.

Heat maps were created using log2-fold change values calculated
as mentioned above and plotted using R function heat map, which is
part of the library non-negative matrix factorization. The log2-fold
change values were scaled across columns, that is, on a per-gene basis.

We used R Rtsne library to apply the t-distributed Stochastic
Neighbor Embedding (tSNE) dimensionality reduction algorithm
to the data after scaling gene log2-fold changes to have a mean of 0
and SD of 1.

To compare the effect of the combination therapy with the two
individual monotherapies (1 mg/kg OP-1250 and 25 mg/kg palbo-
ciclib, given separately), we looked at the log-fold changes for each
of these three conditions for each gene. The effects of the mono-
therapies were combined according to the Bliss independence model.
Using the effect of the combination therapy and the Bliss indepen-
dence model as an (x, y) coordinate pair, the distance to the y ¼ x
diagonal was calculated. A value of 0 indicates that the combination
therapy and combined monotherapies had comparable effects. A
more negative value indicates that the combination therapy had a
stronger repression on gene expression, while a more positive value
indicates a stronger enhancement of gene expression.

Uterine wet weight
Ovariectomized BALB/c mice (7–8 weeks old) were purchased

from Charles River Laboratories and studies conducted at Bayside
BioSciences in accordance with established protocol approved by the
vendor’s Institutional Animal Care and Use Committees (IACUC). At
7 days after ovariectomy, mice were administered E2 at 0.1 mg/mouse

subcutaneously in combination with OP-1250 (0.01-100 mg/kg,),
tamoxifen (50 mg/kg), or fulvestrant (125 mg/kg), orally, once daily,
for 3 days. The mice were euthanized 24 hours after the last dose, and
uterine samples were harvested and weighed.

Mammary fat pad/subcutaneous xenografts
Xenograft studies on OP-1250 as a monotherapy in the ST941

model and combination studies of OP-1250 with CDK4/6 inhibitors
were conducted at XenoSTART, in accordance with established pro-
tocols, approved by the vendor’s IACUC. Female athymic nude mice
were implanted with ST941 patient-derived xenograft (PDX) tumor
fragments or cell-derived MCF7 subcutaneously. Mice were supple-
mented with exogenous E2 via drinking water (ad libitum) throughout
the duration of the study. Tumor volume was measured twice weekly.
Treatment was initiated when tumor volume reached 175–200 mm3

(day 1 of the study).Micewere administeredwithOP-1250 (0.1, 3, 1, or
10 mg/kg), palbociclib (25 or 75mg/kg), or ribociclib (25 or 75 mg/kg)
as single agents or in combination, orally, once daily for 28 days. Mice
were terminated on day 29 for the MCF7 model, or when tumor
reached 2,000 mm3 or day 57 (whichever came first) for the ST941
model.

Other xenograft studies were performed at Huntsman Cancer
Institute per established protocol, approved by the vendor’s IACUC.
Female, NOD/SCIDmicewere implantedwithHCI-013 orMCF7 cells
in the mammary fat pad and supplemented with E2 pellets. A third
cohort of NOD/SCID mice was ovariectomized and implanted with
HCI-013EI tumor fragments in the absence of estrogen supplemen-
tation. OP-1250 was administered at 0.3, 1, 3, 10, or 30 mg/kg daily,
orally for 28 days. Fulvestrant was administered weekly, subcutane-
ously at 50mg/kg for the first dose, and 25mg/kg for subsequent doses.
Tumor volume was measured twice weekly, and volumes were cal-
culated as (length�width2)/2¼mm3 and analyzed for tumor growth
inhibition. At conclusion of studies, plasma, tumor, and brain samples
were collected for bioanalysis.

In all, studies animals were randomly assigned to all groups such
that across the group mean tumor volumes were comparable on the
day 1 of dosing. The number of animals was theminimumnecessary to
meet the objectives of the study accounting for interanimal variability.
There was no unnecessary duplication of studies regarding species,
strain, and test article.

Intracranial xenografts
Intracranial xenograft studies were conducted at Minerva Imaging

with established protocol approved by the vendor’s IACUC. ST941
cells were injected at a depth of 2–2.5 mm intracranially into female
athymic nude mice. E2 was supplemented via drinking water from
2 days prior to inoculation until time of animal inclusion in study
(tumor volume 2–5 mm3 based on MRI); it was then withdrawn.
Dosing was initiated 2 days after inclusion. Animals were treated for
100 days with fulvestrant (5 mg/animal, once a week), tamoxifen
(60mg/kg, once daily), OP-1250 (10mg/kg, once daily), orOP-1250þ
ribociclib (75 mg/kg, once daily); dosing was then discontinued and
animals were monitored for tumor growth and survival. One vehicle
cohort was ovariectomized at day of inclusion to discontinue estrogen
production. Tumor growth was assessed throughout the study using
T2-weighted MRI (intracranial).

Xenograft pharmacokinetic bioanalysis
Plasma sampleswere taken 24 hours following administration of the

last dose in the HCI-013 28-day xenograft study. Brain and tumor
samples were collected 24 hours following administration of the last
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dose. Plasma, brain, and tumor drug levels of OP-1250were assessed at
Quintara Biosciences. Plasma and homogenized brain and tumor were
extracted by protein precipitation using acidified acetonitrile contain-
ing internal standard. Extracted samples were analyzed by tandem
LC/MS-MS in multiple reaction monitoring mode using electrospray
ionization in positive mode. Unknown sample concentrations were
calculated from prepared standards.

Xenograft tumor IHC and scoring
Tumor samples were collected 8 and 24 hours following adminis-

tration of the last dose in the ST941 28-day xenograft study. Assess-
ment of Ki67 and ER-alpha levels were assessed at Inotiv HistoTox
labs. For IHC staining of Human ERa alpha and Human Ki67
in mouse xenograft tumors, staining was conducted on the Leica
Bond RXm platform using standard chromogenic methods. For
antigen retrieval, slides were heated in a pH9 Ethylenediaminetetraa-
cetic acid (EDTA)-based buffer for 25 minutes at 94�C, followed by
a 45-minute antibody incubation (1:100, Abcam [EPR703(2)]
ab79413) and 30-minute antibody incubation (1:500, Abcam [EPR360]
ab92742). Antibody binding was detected using an horseradish per-
oxidase–conjugated secondary polymer, followed by chromogenic
visualization with diaminobenzidine. A hematoxylin counterstain was
used to visualize nuclei. Slides were scored by a board-certified veter-
inary anatomic pathologist. Staining intensity in non-necrotic tumors
was scored on a scale of 0 to 4 (0, no staining; 1, 25% staining; 2, 25%–
50% staining; 3, 50%–75% staining; 4, 75%–100% staining).

Data availability
Sequencing data discussed in this publication have been deposited

in NCBI’s Gene Expression Omnibus (GEO; ref. 39) and are accessible
through GEO Series accession number GSE241944 (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc¼GSE241944). All other data are
available upon request from the corresponding author.

Results
OP-1250 is a complete ERantagonist that completely inhibits ER
signaling

We set out to design and synthesize nonsteroidal complete ER
antagonists capable of blocking activity of bothAF1 andAF2 (Fig. 1A),
with favorable drug-like properties. The discovery that the tetrahydro-
b-carboline–containing compounds bind avidly to ER (40) led us to
explore the functionalization of this ring system to optimize potency
and pharmacokinetics while achieving complete ER blockade.
Through this effort, we identified palazestrant (OP-1250; Fig. 1B;
ref. 36). The properties of OP-1250 were assessed relative to FDA-
approved and European Medicines Agency–approved ERa ligands
(fulvestrant, tamoxifen, elacestrant, and lasofoxifene) and to ligands
currently in clinical trials for advanced breast cancer (imlunestrant and

vepdegestrant). Active metabolites of tamoxifen, such as 4-hydroxy-
tamoxifen (4OH-tamoxifen), were used in cell culture experiments
rather than tamoxifen citrate.

In a competitive binding assay using the ERa LBD, OP-1250
demonstrated similar potency to comparator compounds (Fig. 1C),
while in a PGC1a coactivator recruitment assay, all compounds
demonstrated no recruitment (Supplementary Fig. S1A). In luciferase
reporter gene assays of E2-dependent transcriptional activity con-
ducted in ERþ breast cancer cells and ER-negative SK-BR-3 cells
transfected with ESR1WT, ESR1Y537S, and ESR1D538G, it was observed
that elacestrant, OP-1250, z-endoxifen, and fulvestrant all strongly
inhibited transcription in a dose-dependent manner (Supplementary
Fig. S1B and S1C). OP-1250 demonstrated no agonist-like cross-
reactivity on glucocorticoid, progesterone, or androgen receptors.
Inhibition of agonist-induced androgen receptor transcriptional activ-
itywas detected only at>1mmol/LOP-1250 (Supplementary Fig. S1D).
OP-1250 inhibition of transfected ESR1WT and ESR2WT displayed
approximately 3-fold increased potency on ERa (Supplementary
Fig. S1E).

The uterine wet weight (UWW) assay is a well-established model to
study ER-mediated agonism (uterine hypertrophy and hyperplasia)
and antagonism (26, 41, 42). We compared OP-1250 with fulvestrant
and tamoxifen, both in the presence and absence of supplemented
E2 (Fig. 1D). E2 and tamoxifen significantly increased UWW, while
OP-1250 and fulvestrant did not. OP-1250 and fulvestrant inhibit-
ed E2-induced increases in weight, with OP-1250 displaying dose-
dependent inhibition as low as 0.01 mg/kg (Supplementary Fig. S1F).
At 1 mg/kg, OP-1250 inhibited trophic responses comparable to
fulvestrant at 5 mg/mouse or vehicle.

To optimize for compounds with a CERAN profile and compare
OP-1250 to comparators of interest, we utilized the AP assay, which
monitors uterine agonist activity with higher throughput than the
UWW assay and can discriminate between partial and complete
antagonists (25, 43, 44). In an AP assay conducted following trans-
fection of Ishikawa cells with AF1 or AF2 domain truncations of ERa,
AF2 truncation had little impact on AP activity, while AF1 truncation
reduced AP activity to levels comparable to empty vector control
(Fig. 1E), suggesting the utility of this assay as a readout of ERa AF1
activity in uterine cells. Interestingly, AP activity of the constitutively
active ESR1Y537S mutation also demonstrated AF1 dependence that
was unaffected by deletion of AF2.

In the absence of E2 supplementation, 4OH-tamoxifen, lasofox-
ifene, and vepdegestrant caused dose-dependent increases in AP
activity consistent with agonism of AF1 with maximum responses
>80% (Fig. 1F). Elacestrant demonstrated partial agonist activity, with
maximum response of 24%; imlunestrant, fulvestrant, and OP-1250
did not inducemeasurable AP activity. Antagonism of AF1-dependent
AP activity following supplementation with 500 pmol/L E2 displayed a
similar profile; molecules demonstrating full agonist activity in the

Figure 1.
OP-1250 is a complete ER antagonist that completely blocks ER activity. A, Schematic of mechanism of CERAN activity; CERANs bind and inactivate the AF2
domain and additionally induce inactivation of the AF1 domain. B, Chemical structure of OP-1250. C, LanthaScreen competitive binding assay using wild-type
ERa LBD comparing OP-1250 and other approved and in-trial comparator molecules. Data are normalized to DMSO vehicle and 10 mmol/L E2-treated wells
(100% displacement) and represented as mean and SD of at least three independent experiments. D, UWW assay comparing OP-1250 against fulvestrant and
tamoxifen in the presence and absence of E2 supplementation. Mean and SEM from 6 mice per treatment group are plotted with asterisks indicating
significance relative to vehicle by one-way analysis of variance. ����, Padjusted value < 0.0001. E, Basal AP activity in Ishikawa cells following transient
transfection with vectors encoding ESR1WT, ESR1Y537S, ESR1D538G, AF2 truncated ESR1, AF1 truncated ESR1, and AF1 truncated ESR1Y537S. Data represent activity
in estrogen-depleted media. Data are normalized to wild-type receptor and presented as mean and SD of a representative of at least three independent
experiments. F, Basal AP activity of Ishikawa cells in estrogen-depleted media following incubation for 72 hours with ERa ligands. Data are normalized to
500 pmol/L E2- and vehicle-treated wells and represented as mean and SD of at least three independent experiments. G, AP activity of Ishikawa cells in
estrogen-depleted media following incubation for 72 hours with ER ligands and 500 pmol/L E2. Data are normalized to 500 pmol/L E2 and vehicle-treated
wells and represented as mean and SD of at least three independent experiments. N/A ¼ not applicable; WT ¼ wild-type.
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absence of E2 showed minimal/no inhibition of AP activity with E2.
Partial agonist elacestrant did not completely inhibit activity at
1 mmol/L (Emax, 85%), while imlunestrant, fulvestrant, and OP-1250
completely inhibited activity with IC50 values of 32, 9.4, and 6.4 nmol/L,

respectively (Fig. 1G). Of note, agonist and antagonist activity in the
AP assay was well correlated with available UWW results (Fig. 1D),
including published data on elacestrant and lasofoxifene (45, 46).
The level of ERa protein in ECC-1 cells was assessed following
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Figure 2.

OP-1250 effectively blocks estrogen-induced transcriptional activity and lacks agonist activity on breast cancer cells in the absence of estrogen. A, Cellular
proliferation assayofMCF7 andCAMA-1 cells treated over 7 dayswith listed compounds in the absence of E2 supplementation. Proliferation is assessed byCyQUANT
reagent and normalized to DMSO vehicle, the value of which is indicated by the horizontal dotted line. Data is represented as mean and SD of at least three
independent experiments. ���� , Padjusted value <0.0001 and ���, Padjusted value <0.001.B, Schematic of PRO-seq treatment strategy and sample collection timepoints
for MCF7 and CAMA-1 cells (above) and principal component analysis of DMSO, E2, and E2þOP-1250 treatments (below), with timepoint indicated by circle size and
treatment indicated by color.C andD,Heatmaps of genes associatedwith E2 early gene signature or G2–Mgene signature in 24 hours E2 and E2þOP-1250 PRO-seq
samples, with red indicating high expression relative to vehicle and blue indicating low expression relative to vehicle. (Continued on the following page.)
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72 hours compound treatment (Supplementary Fig. S1G and S1H).
Although CERANs reduced levels of ERa in this cell line, a consis-
tent correlation between protein level and AP activity was not
observed, particularly regarding agonist activity.

OP-1250 blocks estrogen-induced transcriptional activity and
lacks agonist activity on estrogen-induced genes

In a proliferation assay of MCF7 and CAMA-1 ERþ breast cancer
cells cultured in E2-depleted media (Fig. 2A), treatment with E2,
4OH-tamoxifen, or lasofoxifene led to increased proliferation
in the CAMA-1 cell line (P < 0.0005 at 1 mmol/L dose), which
was not observed with CERAN treatment. This suggests that
this cell line may be particularly sensitive to agonist activity of
SERMs and illustrates the capacity of a SERM to stimulate breast

cancer cell proliferation in addition to demonstrating uterine
agonist activity.

To determine whether OP-1250 can completely reverse transcrip-
tional changes induced by E2 treatment, we conducted PRO-seq with
MCF7 and CAMA-1 cells cultured in E2-depleted media prior to
stimulation with E2 or treated with OP-1250 after 24-hour E2 treat-
ment. Samples were analyzed after 15 minutes to 24 hours treatment,
to track gene expression changes over time. E2 treatment induced gene
expression changes within 15 minutes (Supplementary Fig. S2A and
S2B), with broader changes observed by 24 hours (Fig. 2B; Supple-
mentary Tables S1 and S2), including activation of known E2 pathway
genes (Fig. 2C) and genes associated with cell-cycle progression
(Fig. 2D). OP-1250 treatment reversed E2-induced changes in tran-
scriptional activity of known estrogen response genes within 6 hours
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Figure 2.

(Continued. ) E,Gene set enrichment analysis of G2–M checkpoint gene set at 24 hours PRO-seq timepoint with genes ranked from high to low expression relative to
vehicle (x-axis) and plotted lines tracking running enrichment (y-axis). Ticks below graph represent individual genes. Upward peak toward left side of graph indicates
enrichment in activation of gene expression while a downward peak toward right side of graph indicates enrichment in reduction of gene expression. F and G, Heat
maps of annotated estrogen response and G2–M gene signatures in CAMA-1 mRNA-seq data. Cells were treated in triplicate with 100 pmol/L E2 or 316 nmol/L
antiestrogen in estrogen-depleted media for 24 hours. Red indicates high expression relative to vehicle and blue indicates low expression.
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(Fig. 2C; Supplementary Fig. S2C). Within 24 hours, OP-1250 treat-
ment suppressed genes associatedwith cell-cycle progression (Fig. 2D;
Supplementary Tables S1 and S2) and reversed broader E2-induced
changes to the gene expression profile in a principal component
analysis (Fig. 2B). In the absence of E2, 4OH-tamoxifen treatment
for 24 hours led to enrichment of the G2–Mcheckpoint gene signature
in the CAMA-1 cell line (Fig. 2E and G) and E2-like stimulation of
G2–M genes (Supplementary Fig. S2D) not observed with OP-1250
or fulvestrant; this is consistent with observed effects on cellular
proliferation (Fig. 2A).

We conducted RNA sequencing (RNA-seq) on CAMA-1 cells
cultured in estrogen-depleted media before 24-hour treatment with
compound or E2 to further investigate differences of CERANs and
SERMs on gene expression in the absence of E2. While E2 treatment
resulted in expression changes of genes associated with E2 signaling
(Fig. 2E) and cell-cycle progression (Fig. 2F), CERANs OP-1250 and
fulvestrant showed an inverse pattern of gene expression on these
pathways. Compounds with demonstrated agonist activity in the AP
assay (4OH-tamoxifen, lasofoxifene, elacestrant) resulted inmore gene
expression changes (Supplementary Fig. S2E) and showed gene
expression patterns similar to E2 (Fig. 2E and F), albeit with lower
fold changes than E2. CERAN treatment led to expression patterns
opposite to that of E2 for both E2 and cell-cycle gene signatures, while
elacestrant, with partial agonist activity in the AP assay, displayed
intermediate effect on gene expression. This analysis demonstrates
that compounds with agonist activity in the AP assay can stimulate
ER signaling and cellular proliferation in breast cancer cells, while
CERANs completely block ER-induced transcriptional activity.

OP-1250 displays in vitro and in vivo efficacy and degrades the
ER in breast cancer models

ER degradation is a common metric for identifying candidate
antiestrogen compounds, with many clinical candidates promoted as
SERDs. In a 24-hour simple Western assay of ERa degradation in the
MCF7 cell line (Supplementary Fig. S3A), OP-1250 degrades ERawith
comparable potency to fulvestrant (DC500.52nmol/L and0.56nmol/L,
respectively; Emax 62% and 69%, respectively), while 4OH-tamoxifen
stabilizes ERa (Emax –30%) and E2 displays more potent degradation
than OP-1250 or fulvestrant (DC50 < 0.1 nmol/L, Emax 49%; Fig. 3A).
In a broader comparison of compounds of interest on MCF7 and
CAMA-1 cell lines (Fig. 3B; Supplementary Fig. S3A and S3B), cells
were treated with 300 nmol/L compound or 1 nmol/L E2 for 24 hours.
OP-1250 treatment reduced ERa protein levels by 63% relative to
vehicle in MCF7 and 72% in CAMA-1 cells; reductions in levels were
comparable to those of previously described SERDs, fulvestrant,
vepdegestrant, and imlunestrant, and superior to elacestrant. Of note,
treatment with 1 nmol/L E2 resulted in ERa degradation comparable
to that of SERDs (65% reduction in MCF7 and 43% in CAMA-1) in
both cell lines. 4OH-tamoxifen and lasofoxifene, which demonstrated
full agonist activity in the AP assay, did not degrade the ER. In MCF7
cells, degradation of ERa by OP-1250 was observed as early as 2 hours
after treatment, levels reduced in a time-dependent manner, and
degradation was blocked by treatment with the proteasome inhibitor
MG-132 (Supplementary Fig. S3C and S3D).

To investigate whether these agents can inhibit ERþ breast cancer
growth, compounds were tested in a proliferation assay of MCF7 and
CAMA-1 cells in the presence of 100 pmol/L E2 (Fig. 3C and D). In
these assays, OP-1250 demonstrated a promising efficacy profile, with
IC50 values of 1.4–1.6 nmol/L and favorable Emax values. Importantly,
compounds with full agonist activity in the AP assay (4OH-tamoxifen,
lasofoxifene, and vepdegestrant) displayed incomplete suppression of

cellular proliferation in the CAMA-1 cell line, demonstrated by lower
Emax values, while complete ER antagonists were better able to fully
shut down estrogen-mediated proliferation. Although elacestrant
displayed an unusually high maximum percent inhibition in the
CAMA-1 cells, this is likely a nonspecific effect of a 1 mmol/L dose
of elacestrant, which is an outlier to the overall dose–response curve.
Of note, agonist activity in the AP assay was a better indicator of
maximum antiproliferative activity than ERa degradation, with the
PROTAC vepdegestrant a notable outlier as it demonstrated superior
performance in the degradation assay but poor potency andmaximum
inhibition of breast cancer cell proliferation.

OP-1250 daily oral doses, 0.3–30 mg/kg, were tested in a MCF7
mammary fat pad xenograft against weekly, subcutaneous fulvestrant
(Fig. 3E and F). OP-1250 doses ≥3 mg/kg shrank tumors and out-
performed fulvestrant, which did not lead to appreciable tumor
shrinkage. A 3 mg/kg dose of OP-1250 led to tumor shrinkage below
starting volume in all but one animal, while higher doses led to
shrinkage in all animals (Fig. 3F). At the highest tested OP-1250
dose, all tumors displayed >50% reduction in tumor volume.

OP-1250 blocks ER signaling and proliferation in ESR1-mutant
breast cancer models

To investigate the activity of compounds of interest against the
most prevalent clinical variants of ESR1, we generated Ishikawa
and CAMA-1 cell lines with homozygous ESR1Y537S and ESR1D538G

mutations using CRISPR/Cas9 knock-in. In AP assays conducted with
mutant Ishikawa cells, OP-1250 displayed favorable potency against
both mutants, comparable to that of fulvestrant (Fig. 4A and B). Of
interest, compounds displaying agonist activity in the wild-type AP
assay (Fig. 1E) showed incomplete inhibition of the Y537S receptor
but more complete inhibition of the D538G mutant receptor. Similar
rank orders of compound potency were observed in cellular prolifer-
ation assays of the homozygousmutant CAMA-1 cells (Fig. 4C andD)
and with a cell line derivative of the heterozygous ESR1Y537S ST941
PDX model (Fig. 4E; ref. 47), with lasofoxifene and OP-1250 display-
ing greatest potency. In the ST941C cell line, compounds classified as
full agonists in the AP assay displayed incomplete suppression of
cellular proliferation as demonstrated by lower Emax values. As in the
wild-type setting, there was no reliable correlation between effective
degradation of mutant ERa (Supplementary Fig. S3E–S3H) and
functional efficacy in blocking cellular proliferation. In both AP and
proliferation assays, CERANs showed reduced potency in the mutant
cell lines relative to wild-type.

We conducted a mammary fat pad xenograft study using the
HCI-013 ESR1Y537S breast cancer PDX model comparing OP-1250,
0.3–30 mg/kg, against fulvestrant (Fig. 4F). In this model, OP-1250
doses of ≥1 mg/kg outperformed fulvestrant, and all treatments led
to tumor growth inhibition; 10 and 30 mg/kg doses led to tumor
shrinkage below starting volume in all treated animals (Supple-
mentary Fig. S4A). In a similar study conducted in the absence
of estrogen with an estrogen-independent version of HCI-013
(HCI-013EI; Supplementary Fig. S4B and S4C), 3 mg/kg OP-1250
performed comparably to 10 and 30 mg/kg, suggesting that potency
might be improved in the absence of estrogen.

Because elacestrant is clinically approved specifically for ESR1-
mutant breast cancer, we assessed the in vivo performance
of OP-1250 relative to elacestrant in this context. We conducted
a xenograft study comparing 5 and 10 mg/kg doses of OP-1250
against 30 and 60 mg/kg doses of elacestrant in the ST941
ESR1Y537S breast cancer PDX model (Fig. 4G; Supplementary
Fig. S4D). Both OP-1250 doses outperformed elacestrant, with
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Figure 3.

OP-1250 displays in vitro and in vivo efficacy and degrades the ER in ERþ breast cancer models. A, Simple Western analysis of ERa protein levels in MCF7 cells after
24 hours treatment with listed compounds. Samples are normalized to untreated control, with mean and SD across three independent treatments shown. B, Simple
Western analysis of ERa protein levels in MCF7 or CAMA-1 cells after 24 hours of treatment with 300 nmol/L compound or 1 nmol/L E2. Samples are normalized to
untreated control, represented by dotted line, with mean and SD across at least three independent treatments shown. C and D, Cellular proliferation of MCF7 and
CAMA-1 cells treated with indicated dose of antiestrogen in the presence of 100 pmol/L E2. Proliferation assessed by CyQUANT reagent is normalized to E2-treated
vehicle and shown as mean and SD across at least three experiments. E, Mean and SEM tumor volume over time with listed treatments in the MCF7 breast cancer
model, with dotted line representing tumor stasis. Each group represents at least 6 animals. F, Percent change in tumor volume of individual animals in listed
treatment groups at day 29 of MCF7 xenograft study, normalized to day 1 tumor volume.
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Figure 4.

OP-1250 blocks ER signaling and proliferation in ESR1-mutant breast cancer models. A and B, AP mean and SD of indicated homozygous ESR1-mutant Ishikawa
endometrial cells conducted in the presence of 500pmol/L E2. Data are normalized to 500pmol/L E2-treatedwells and represented asmean and SD of at least three
independent experiments. C–E, Cellular proliferation of indicated ESR1-mutant cells treated with antiestrogen in the presence of 100 pmol/L E2. Proliferation
assessed byCyQUANT reagent is normalized to E2-treated vehicle and shown asmean and SDacross at least three experiments.F,Mean and SEM tumor volumeover
time with listed treatments in the ESR1Y537S HCI-013 PDX model, with dotted line representing tumor stasis. (Continued on the following page.)
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greatest tumor growth inhibition with 10 mg/kg OP-1250. IHC
analysis conducted on tumor samples from the ST941 xenograft
study showed that OP-1250 reduced Ki67 levels in a dose-
dependent manner, in line with observed tumor growth inhibition
(Fig. 4H; Supplementary Fig. S4E). At both the 5 and 10 mg/kg
doses, nuclear ERa staining was reduced by approximately 75%,
compared with the vehicle group, confirming target engagement
(Fig. 4I; Supplementary Fig S4E).

Pharmacokinetic analysis was conducted on plasma, tumor, and
brain samples from the HCI-013 xenograft study 24 hours following
final dose at 3 and 10 mg/kg (Fig. 4J). At this timepoint, OP-1250
demonstrated plasma exposures well above levels needed for complete
ER saturation at Ctrough, robust brain penetrance with brain/plasma
ratios >1, and tumor accumulation.

OP-1250 improves efficacy of CDK4/6 inhibitors in ERþ

xenograft models and enhances inhibition of cell cycle–related
gene expression

Because of the clinical relevance of combining endocrine therapy
with CDK4/6 inhibitors, we investigated OP-1250 in this setting.
In MCF7 cellular proliferation assays of OP-1250 in combination
with the three clinically approved CDK4/6 inhibitors, palbociclib,
ribociclib, and abemaciclib (Fig. 5A), addition of OP-1250 resulted
in a decrease in proliferation relative to CDK4/6 inhibitor alone;
the most pronounced effect was observed with palbociclib and
ribociclib.

We conducted a xenograft study with theMCF7 cell line combining
1 and 10 mg/kg OP-1250 with 25 and 75 mg/kg palbociclib or
ribociclib alongside corresponding monotherapy doses (Fig. 5B
and C; Supplementary Fig. S5A and S5B). All doses and combinations
resulted in tumor growth inhibition relative to vehicle, with greater
inhibition with the higher monotherapy doses. The 10 mg/kg dose of
OP-1250, which leads to plasma concentrations similar to those
measured in clinical studies, outperformed 75 mg/kg monotherapy
doses of both CDK4/6 inhibitors and resulted in tumor shrinkage.
Combination treatment resulted in more pronounced and consistent
tumor shrinkage across doses, with all but one animal achieving >50%
reduction in tumor volume (Supplementary Fig. S5A and S5B) and
many in the high-dose combination groups achieving near-complete
tumor regression. RNA-seq of tumors from low-dose OP-1250 and
palbociclib monotherapy and combination groups revealed that com-
bination treatment enhanced suppression of genes associatedwith cell-
cycle progression, with an observed effect greater than the combina-
tion of monotherapies (Fig. 5D and E; Supplementary Fig. S6A–S6D;
Supplementary Table S3) and lack of a similar effect in pathways such
as ER signaling or apoptosis (Fig. 5E). A similar transcriptional profile
was observed for the OP-1250 and ribociclib combination (Supple-
mentary Fig. S6E–S6H), illustrating the profound effect on cell-cycle
regulation that can be generated through simultaneous administration
of OP-1250 and a CDK4/6 inhibitor.

A similar study was conducted using the ST941 ESR1Y537S PDX
model. While this model was more resistant to treatment, with
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Figure 5.

AdditionofOP-1250 improves efficacyofCDK4/6 inhibitors in vitro and invivo.A,Cellular proliferation assessedbyCyQUANT reagent ofMCF7 cells treated for 7days
with the CDK4/6 inhibitors palbociclib, ribociclib, or abemaciclib alone or in combination with OP-1250. Dose of indicated CDK4/6 inhibitor is shown on the x-axis,
with samples not treated with CDK4/6 inhibitor shown to the left of the axis break. Proliferation is normalized to 100 pmol/L E2 vehicle and shown as mean and SD
across three experiments. B and C, Mean and SEM tumor volume over time with monotherapy and combination treatments in the MCF7 breast cancer model, with
dotted line representing tumor stasis. (Continued on the following page.)
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modest or no response to lower monotherapy doses, higher dose
combinations resulted in more tumor shrinkage than with mono-
therapy treatment (Fig. 5F and G; Supplementary Fig. S5C and
S5D). Monitoring the number of live animals and tumor volume
over 30 days after cessation of dosing revealed that addition of
OP-1250 to either CDK4/6 inhibitor extended animal survival (Sup-
plementary Fig. S5E and S5F) and led to a more durable tumor
response (Supplementary Fig. S5G and S5H).

OP-1250 inhibits ERþ breast cancer intracranial xenografts and
extends survival

In a pharmacokinetic analysis of animals from the HCI-013 mam-
mary fat pad xenograft study, the concentration of OP-1250 in the
brain 24 hours following last dose was comparable to or higher than
plasma concentration (Fig. 4H), suggesting the compound can effec-
tively penetrate the brain. To further investigate OP-1250 efficacy in a
xenograft model of breast cancer brain metastases, mice were
implanted intracranially with the ESR1Y537S mutation–containing
ST941 breast cancer PDX model. In a preliminary study, 3 and
10 mg/kg doses of OP-1250 were tested alongside and in combination
with 75 mg/kg ribociclib (Supplementary Fig. S7A). While ribociclib
monotherapy slightly reduced intracranial tumor growth, the addition
of ribociclib to 3 mg/kg OP-1250 led to improvement in tumor growth
inhibition (Supplementary Fig. S7B and S7C) and prolonged animal
survival (Supplementary Fig. S7D). The 10 mg/kg dose of OP-1250
outperformed the 3mg/kg dose and was chosen for a study comparing
OP-1250 against approved antiestrogens of interest, fulvestrant and
tamoxifen (Fig. 6A).

A second vehicle-treated group with ovariectomy was included to
monitor the effect of estrogen depletion on tumor growth. MRI was
used to monitor tumors throughout the study and revealed a notable
reduction in tumor size with OP-1250 treatment relative to vehicle
animals (Fig. 6B; Supplementary Fig. S7E). Treatment with tamoxifen
and OP-1250 inhibited intracranial tumor growth, while fulvestrant
treatment and ovariectomy demonstrated minimal impact (Fig. 6C).
Treatment with 10 mg/kg OP-1250 resulted in tumor shrinkage >50%
in all treated animals with or without ribociclib treatment (Fig. 6D); 4
of 8 animals in the OP-1250 monotherapy group and 6 of 8 in the
OP-1250þ ribociclib group lacked detectable tumor at study day 100.
Animal survival was monitored throughout the study and for another
50 days following cessation of dosing (Fig. 6E). Tamoxifen treatment
prolonged animal survival, with 6 of 8 animals alive at study day 100,
but did not result in a durable effect once dosing was terminated. In
contrast, OP-1250 treatment (monotherapy or in combination with
ribociclib) resulted in all 8 animals alive at study day 100 and 6 alive
50 days after cessation of dosing.

Discussion
Palazestrant (OP-1250) has the potential to be a best-in-class ER

antagonist for treatment of ERþ breast cancer due to its oral phar-
macokinetic properties and preclinical antitumor efficacy. Unlike the
clinically approved SERM tamoxifen, OP-1250 lacks agonist activity in
AP assay, UWWassay, breast cancer proliferation assay, and RNA-seq

analysis of estrogen signaling and cell-cycle genes in breast cancer cells.
OP-1250 completely suppresses estrogen-induced AF1-dependent AP
activity and inhibits estrogen-induced increases inUWWas effectively
as the CERAN fulvestrant. In a PRO-seq assay of nascent RNA levels in
breast cancer cells following estrogen stimulation, OP-1250 complete-
ly reverses estrogen’s effects on canonical E2 pathway genes within
6 hours and downstream effects on cell-cycle genes within 24 hours.
These data characterize a complete antagonist of the ER that blocks
both AF1 and AF2 signaling domains and lacks agonist activity in
uterine or breast cells. While the mechanism of AF1 inhibition by
CERANs such as OP-1250 has not been determined, we hypothesize
that this may occur through recruitment of ER corepressor proteins
such as NCoR, as suggested previously (22, 48).

OP-1250 degrades ERa similarly to fulvestrant and other compara-
tors of interest, with a DC50 of < 1 nmol/L; thus, it is a member of the
SERD class as well as being a CERAN. However, while many groups
have focused on degradation of the ER protein as a critical indicator of
antitumor efficacy, the potent degradation observed with estradiol
treatment raises questions concerning the reliability of ERa degrada-
tion as a metric for antagonist activity. Prior studies have also
suggested that ER mobility or assays of downstream ER activity, such
as gene expression profiling or chromatin accessibility, may correlate
better with in vivo efficacy (27).

OP-1250 displays an in vitro profile comparable to fulvestrant,
including biochemical binding affinity, ER degradation, and potent
activity in wild-type and ESR1-mutant cellular proliferation assays.
However, OP-1250 has a superior pharmacokinetic profile and oral
bioavailability in mouse xenograft experiments, and significantly out-
performs fulvestrant at a 10 mg/kg oral dose, including in PDX, which
are characterized by greater heterogeneity and clinical relevance than
cell line–derived models (49).

Mutations in ESR1 that confer constitutive activity of the ER are a
known resistance mechanism to endocrine therapy (13, 50) and are
presentmore frequently in high-grade (51) andmetastatic tumors (16).
Therefore, efficacy against ESR1-mutant tumors is critical for anti-
estrogens in clinical development to treat advanced breast cancer.
Althoughmost compounds displayed reduced potency againstmutant
ESR1, particularly regarding ESR1Y537S, OP-1250 demonstrated com-
petitive in vitro efficacy against the most common clinical variants of
ESR1 relative to agents of interest. In PDX models containing the
ESR1Y537S mutation, OP-1250 effectively suppressed tumor growth at
a 3 mg/kg dose and induced tumor shrinkage at higher doses or in
combination with CDK4/6 inhibitors. In a study with the ESR1Y537S

ST941 model, OP-1250 outperformed elacestrant, clinically approved
for patients with ESR1 mutations, using a fraction of the dose. The
superior performance of OP-1250 relative to both fulvestrant and
elacestrant in these xenograft studies, and the inability of aromatase
inhibitors to inhibit growth of ESR1-mutant tumors indicate that
OP-1250 may provide additional benefit beyond currently approved
therapies.

Combinability with CDK4/6 inhibitors is another important
attribute for ER antagonists and has proven to be challenging for
other oral SERDs in clinical trials. Notably, OP-1250 demonstrates
combinability with both palbociclib and ribociclib in wild-type

(Continued.) D, Heat map showing expression of genes associated with the G2–Mgene signature of n¼ 4 MCF7 xenograft tumors fromOP-1250 and palbociclib low
dose monotherapy and combination therapy groups. Red corresponds to high expression relative to vehicle and blue corresponds to low expression. E, Differential
gene expression comparison between combination therapy and monotherapy MCF7 xenograft samples in hallmark gene sets. Each datapoint represents a gene in
the listedgene signature. Vertical axis depicts adatapoint’s distance to the y¼ xdiagonal,where0 represents no change fromexpected result basedonmonotherapy
values. F andG,Mean and SEM tumor volumeover dosing intervalwithmonotherapy and combination treatments in the ESR1Y537S ST941 PDXmodel, with dotted line
representing tumor stasis.
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OP-1250 shrinks ERþbreast cancer intracranial xenografts andprolongs animal survival.A,Schematic of intracranial xenograft experiment usingESR1Y537S ST941 PDX
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and ESR1-mutant preclinical models, establishing potential for
combination treatment relevant to both first- and second-line
clinical settings.

Even as breast cancer treatments improve, central nervous system
metastasis remains important; these metastases occur in approximate-
ly 25%of patients withmetastatic breast cancer and correlate with poor
prognosis (52). In pharmacokinetic analyses of mouse xenograft
studies, OP-1250 demonstrates excellent brain penetrance and favor-
able half-life. In an intracranial xenograft study, treatment with
10 mg/kg OP-1250 resulted in tumor shrinkage and survival of all
animals over a 100-day dosing interval, dramatically outperforming
fulvestrant and tamoxifen. These properties position OP-1250 to treat
a broader patient population than currently available therapies and
provide novel benefit to patients with high-risk metastatic breast
cancer.

Overall, these data characterize a promising new clinical candidate
in the oral SERD/CERAN class with potential for the treatment of ERþ

breast cancer brain metastasis. OP-1250 is in clinical trials
(NCT04505826, NCT05266105, NCT05508906) for the treatment of
ERþ metastatic breast cancer, as monotherapy and in combination
with palbociclib, ribociclib, or alpelisib.
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