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Background: Acquired estrogen receptor alpha (ER/ESR1) mutations commonly cause endocrine resistance in ERþ
metastatic breast cancer (mBC). Lasofoxifene, a novel selective ER modulator, stabilizes an antagonist conformation
of wild-type and ESR1-mutated ER-ligand binding domains, and has antitumor activity in ESR1-mutated xenografts.
Patients and methods: In this open-label, randomized, phase II, multicenter, ELAINE 1 study (NCT03781063), we
randomized women with ESR1-mutated, ERþ/human epidermal growth factor receptor 2 negative (HER2�) mBC
that had progressed on an aromatase inhibitor (AI) plus a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) to oral
lasofoxifene 5 mg daily or IM fulvestrant 500 mg (days 1, 15, and 29, and then every 4 weeks) until disease
progression/toxicity. The primary endpoint was progression-free survival (PFS); secondary endpoints were safety/
tolerability.
Results: A total of 103 patients received lasofoxifene (n ¼ 52) or fulvestrant (n ¼ 51). The most current efficacy analysis
showed that lasofoxifene did not significantly prolong median PFS compared with fulvestrant: 24.2 weeks (w5.6
months) versus 16.2 weeks (w3.7 months; P ¼ 0.138); hazard ratio 0.699 (95% confidence interval 0.434-1.125).
However, PFS and other clinical endpoints numerically favored lasofoxifene: clinical benefit rate (36.5% versus
21.6%; P ¼ 0.117), objective response rate [13.2% (including a complete response in one lasofoxifene-treated
patient) versus 2.9%; P ¼ 0.124], and 6-month (53.4% versus 37.9%) and 12-month (30.7% versus 14.1%) PFS rates.
Most common treatment-emergent adverse events with lasofoxifene were nausea, fatigue, arthralgia, and hot
flushes. One death occurred in the fulvestrant arm. Circulating tumor DNA ESR1 mutant allele fraction (MAF)
decreased from baseline to week 8 in 82.9% of evaluable lasofoxifene-treated versus 61.5% of fulvestrant-treated
patients.
Conclusions: Lasofoxifene demonstrated encouraging antitumor activity versus fulvestrant and was well tolerated in
patients with ESR1-mutated, endocrine-resistant mBC following progression on AI plus CDK4/6i. Consistent with
target engagement, lasofoxifene reduced ESR1 MAF, and to a greater extent than fulvestrant. Lasofoxifene may be a
promising targeted treatment for patients with ESR1-mutated mBC and warrants further investigation.
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INTRODUCTION
efficacy of lasofoxifene compared with fulvestrant in
Breast cancer is the most commonly diagnosed cancer and
the leading cause of cancer mortality in women globally.1 In
the United States, 2022 estimates for invasive breast cancer
in women are 287 850 new annual cases and 43 250
deaths;2 and 169 347 women are projected to be living with
metastatic breast cancer (mBC) by 2025.3

Approximately 80% of breast cancers are estrogen re-
ceptor positive (ERþ).4,5 Endocrine therapy (ET), such as
aromatase inhibitors (AIs) and fulvestrant, alone or com-
bined with other agents, is the mainstay for treating ERþ
mBC, with an AI plus cyclin-dependent kinase 4/6 inhibitor
(CDK4/6i) being a standard-of-care, first-line treatment.6,7

While such therapy is often effective, endocrine resistance
develops in nearly all tumors,6 and up to 40% are due to
acquired ER gene (ESR1) mutations in the ligand-binding
domain.8-10 ESR1 mutations confer ligand-independent,
constitutive activity8,11 and neomorphic, metastasis-
promoting properties12 on the ER, and enrich basal-like
features in ERþ breast cancer,13 leading to endocrine
resistance and subsequent tumor progression.14-16

Endocrine agents have a favorable safety profile, and
when used sequentially, can delay the need for more toxic
chemotherapy. Fulvestrant [a selective ER degrader (SERD)]
monotherapy provided a median progression-free survival
(PFS) of 4.6-10.2 months in patients who have advanced
breast cancer that has progressed after ET alone;17-19

however, in the post-CDK4/6i setting (mainly palbociclib),
median PFS with fulvestrant monotherapy ranged from 1.9
to 4.8 months.20-23 Moreover, fulvestrant or AIs had limited
antitumor activity in patients whose tumors exhibit ESR1
mutations, particularly the Y537S variant,9,23-25 one of the
most common ESR1 mutations.26 Newer endocrine agents
and combinations are needed to overcome acquired resis-
tance and delay the need for cytotoxic chemotherapy,
particularly after CDK4/6i therapy.

Lasofoxifene, a novel orally administered selective ER
modulator (SERM), antagonizes the ER in malignant and
premalignant breast cancer cells, particularly in those
harboring ESR1 mutations, preventing estrogen-mediated
tumor growth without degrading the receptor.27,28 Howev-
er, lasofoxifene is tissue selective as it is an ER agonist in
bones and vaginal tissues, while being neutral on the ER in
the uterus, not increasing uterine neoplasia.29-31 In the
phase III PEARL trial in postmenopausal women with oste-
oporosis, lasofoxifene 0.5 mg/day reduced invasive ERþ
breast cancer risk by 83%.32

Breast cancer cells expressing ESR1mutations, particularly
the Y537S, have shown reduced sensitivity to tamoxifen,
fulvestrant, and other ER-targeting compounds,8,11,12,28 but
not to lasofoxifene.28 Lasofoxifene disrupts and inactivates
the constitutive agonist conformation of the Y537Smutation-
bearing ER, and, either alone or with palbociclib, inhibits
tumor suppression and metastasis significantly more than
fulvestrant in mBC models harboring ESR1 mutations.33

Given these intriguing data, we initiated the phase II,
signal-seeking, ELAINE 1 study evaluating the safety and
1142 https://doi.org/10.1016/j.annonc.2023.09.3104
women with ESR1-mutated mBC after progression on an AI
plus a CDK4/6i.

METHODS

Study design and patients

The ELAINE 1 study (NCT03781063) was a phase II, open-
label, randomized trial evaluating lasofoxifene versus ful-
vestrant monotherapy, conducted at 47 sites (United States,
Canada, and Israel) according to the Declaration of Helsinki
and Good Clinical Practice. The study protocol was approved
by the institutional review board and/or independent ethics
committee at each site. All patients provided written
informed consent.

Eligible participants were pre- or postmenopausal
women (age �18 years) with locally advanced or metasta-
tic, ERþ/human epidermal growth factor receptor 2 nega-
tive (HER2�) breast cancer that progressed on a prior AI
plus CDK4/6i as their most recent ET; one or more ESR1
mutations identified in cell-free circulating tumor DNA
(ctDNA); an Eastern Cooperative Oncology Group score of
0 or 1; one or more measurable lesion per RECIST version
1.1, or if no measurable disease, lytic or mixed lytic/scle-
rotic bone lesions; and laboratory-confirmed, adequate or-
gan function. ESR1 mutations could have included Y537S,
Y537C, D538G, E380Q, S463P, V534E, P535H, L536H, L536P,
L536R, L536Q, or Y537N. Patient tumors must have had
prior sensitivity to ET (recurrence or progression after �12
treatment months in the metastatic setting), and patients
must have received one or less lines of cytotoxic chemo-
therapy for mBC.

Key exclusion criteria included prior use of everolimus or
other mammalian target of rapamycin or phosphoinositide
3-kinase inhibitor inhibitors, prior progression on fulves-
trant, brain metastasis, lymphangitic carcinomatosis
involving the lung, cytotoxic chemotherapy for visceral
crisis, prior radiotherapy within 30 days, significant comor-
bidities that would impact the study or patient’s safety, a
history of long QTc syndrome or QTc interval >480 ms,
pulmonary embolus or deep vein thrombosis within the
previous 6 months, any known thrombophilia, vaginal
bleeding over the past year, or malignancies other than
breast cancer within 5 years. Any other investigational or
commercial anticancer treatments, any hormone replace-
ment therapy, or prolonged systemic corticosteroids were
not permitted during the study. Any concomitant
bisphosphonate or denosumab use to prevent/manage
bone metastases was documented.
Study procedures

Patients were stratified by the presence or absence of
visceral metastasis and Y537S ESR1 mutation. Each stratified
group was randomized 1 : 1 to oral lasofoxifene (5 mg/day)
or IM fulvestrant (500 mg on days 1, 15, and 29, then
monthly) until disease progression, intolerable toxicity, or
withdrawal. Crossover between treatment groups was not
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allowed. Premenopausal patients were maintained on
ovarian suppression.

Computed tomography of the chest, abdomen, and pelvis
was carried out every 2 months, or sooner if clinically
indicated or at the time of withdrawal; brain or bone were
scanned if clinically indicated. Adverse events (AEs) and
serious AEs (SAEs) were assessed for type, severity, course,
duration, seriousness, and relationship to treatment
throughout the study. Treatment-emergent AEs (TEAEs)
were defined as AEs with onset or worsening on or after
first-dose date. Death related to breast cancer progression
was not considered an AE. Changes in ESR1 ctDNA mutant
allele fractions (MAFs; ctDNA fraction containing the
mutant allele) were assessed from baseline to week 8 using
the OncoBEAM or Safe-Seq assay (Sysmex Inostics Inc,
Baltimore, MD), which can detect clone-specific ESR1 MAFs
at a limit of 0.05%.

Study outcomes

All efficacy endpoints were assessed according to RECIST
version 1.1 criteria.The primary endpoint was PFS (time from
randomization to first documented radiographic progression
or death). In patients with lytic or mixed lytic/sclerotic bone
lesions, disease progression was defined as one or more new
lytic bone lesions or new lesions outside of the bone, or un-
equivocal progression of existing bone lesions. The key sec-
ondary endpoints were clinical benefit rate (CBR; patient
percentage with their best overall response as complete [CR]
or partial [PR] response, or stable disease for �24 weeks),
objective response rate (ORR; percentage of patients with
measurable disease and best overall response of CR or PR),
overall survival (time from randomization to death due to any
cause), and safety (AEs and mortality). The 6- and 12-month
PFS rates were exploratory analyses.

Statistical analysis

The target sample size was 100 (50 per treatment arm) with
total expected PFS events of 86, considering a 1-year
accrual period with an additional year of follow-up at
accrual completion before the primary PFS analysis.
Assuming lasofoxifene would double the median PFS
compared with fulvestrant for a hazard ratio (HR) of 0.5 in
this patient population, the statistical power would be
w0.94 for observing a positive signal (two-sided stratified
log-rank P < 0.10) and 0.89 for a conclusive outcome (two-
sided P < 0.05) based on 86 expected PFS events. However,
the targeted 86 events were not achieved as some patients
were withdrawn for clinical progression based on investi-
gator assessment before documented radiographic pro-
gression by RECIST. The statistical analysis plan was
therefore amended to have database lock on 17 May 2022,
when all remaining patients (n ¼ 8) had completed their 24-
week assessments, which occurred when 77 progression
events were documented according to RECIST and 10 clin-
ical progression events had been determined by the
investigator. A more mature analysis was conducted on 13
July 2022.
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All randomized patients were included in the efficacy
analysis [intention-to-treat population] and analyzed by
randomized treatment assignment regardless of protocol
deviations. Missing data were not imputed. The median PFS
for each treatment arm was estimated by the Kaplane
Meier method and a stratified log-rank test was used to
test for a statistically significant difference in PFS curves
adjusting for the four randomization strata (presence or
absence of visceral metastasis and Y537S ESR1 mutation)
within a single covariate. The lasofoxifene over fulvestrant
HRs were estimated by a Cox proportional hazards model
stratified by the four randomization strata. Safety was
evaluated in patients who received one or more treatment
doses (safety population) and data were summarized
descriptively. AEs and SAEs were categorized using the
Medical Dictionary for Regulatory Activities (MedDRA) and
graded using the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0.

RESULTS

Patient disposition and baseline characteristics

A total of 103 patients (intention-to-treat population) were
enrolled from 201 patients screened between September
2019 and September 2021, with 52 randomized to laso-
foxifene and 51 to fulvestrant; most (77.6%) of the excluded
patients did not have a detectable ESR1 mutation
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.annonc.2023.09.3104). As of July 2022, 83 patients
(lasofoxifene versus fulvestrant, n ¼ 42 versus 41) dis-
continued study treatment due to disease progression and
13 discontinued due to consent withdrawal (2 versus 5),
investigator decision (2 versus 1), AEs (1 versus 0), reloca-
tion (0 versus 1), or other causes (0 versus 1;
Supplementary Figure S1, available at https://doi.org/10.
1016/j.annonc.2023.09.3104). Efficacy was assessed in all
103 patients. Safety was evaluated in 99 patients (51
lasofoxifene-treated and 48 fulvestrant-treated); one and
three patients in the lasofoxifene and fulvestrant arms,
respectively, did not receive any study drug.

Baseline characteristics were generally balanced between
the two treatment arms (Table 1 and Supplementary
Table S1, available at https://doi.org/10.1016/j.annonc.
2023.09.3104). Patients’ race included Asian (6.8%), Black
(10.7%), and White (82.5%); Hispanic ethnicity was reported
by 6%. The mean age was 60.8 years (range 33-84 years);
70.9% had measurable disease and 62.1% had visceral
metastasis. The mean duration of prior AI-CDK4/6i therapy
was 30.0 and 26.4 months in the lasofoxifene and fulves-
trant arms, respectively. The majority (92.2%) of patients
received palbociclib as their first-line CDK4/6i treatment;
two patients (randomized to the fulvestrant arm) switched
from either palbociclib or ribociclib to abemaciclib before
study initiation. At baseline, 54.4% of patients had tumors
with polyclonal ESR1 mutations. Commonly detected ESR1
mutations at baseline (incidence >10%) were D538G
(56.3%), Y537S (41.7%), Y537N (29.1%), E380Q (22.3%), and
Y537C (10.7%).
https://doi.org/10.1016/j.annonc.2023.09.3104 1143
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Table 1. Baseline characteristics

Parameter Lasofoxifene
(n [ 52)

Fulvestrant
(n [ 51)

Age (years)
Mean � standard deviation 60.3 � 11.6 61.2 � 10.4
Range 33-84 38-82

Race, n (%)
Asian 3 (5.8) 4 (7.8)
Black or African American 6 (11.5) 5 (9.8)
White 43 (82.7) 42 (82.4)

Ethnicity, n (%)
Hispanic or Latino 2 (3.8) 4 (7.8)
Not Hispanic or Latino 50 (96.2) 47 (92.2)

ECOG score, n (%)
0 30 (57.7) 26 (51.0)
1 21 (40.4) 22 (43.1)

Measurable disease, n (%) 38 (73.1) 35 (68.6)
Disease location, n (%)
Metastatic bone disease
only

13 (25.0) 11 (21.6)

Visceral disease only 13 (25.0) 10 (19.6)
Both 18 (34.6) 23 (45.1)

Prior AI-CDK4/6i, n (%) 52 (100) 51 (100)
Mean duration, months 30.0 26.4
First-line CDK4/6i, n (%)
Palbociclib 48 (92.3) 47 (92.2)
Ribociclib 3 (5.8) 3 (5.9)
Abemaciclib 1 (1.9) 1 (2.0)

Chemotherapy in mBC, n (%) 3 (5.8) 3 (5.9)
Prior radiotherapy, n (%) 36 (69.2) 36 (70.6)

AI, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; ECOG,
Eastern Cooperative Oncology Group; mBC, metastatic breast cancer.
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At the prespecified PFS analysis (database lock on 17 May
2022), lasofoxifene did not significantly improve the median
PFS compared with fulvestrant [HR 0.705, 95% confidence
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Figure 1. KaplaneMeier estimates of progression-free survival (PFS) for lasofoxife
CI, confidence interval; Fulv, fulvestrant; HR, hazard ratio; LAS, lasofoxifene.
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interval (CI) 0.431-1.153; P ¼ 0.164]. The median PFS for
lasofoxifene was 22.2 weeks (5.1 months, 95% CI 14.1-36.8
weeks) compared with 14.8 weeks (3.4 months, 95% CI
10.8-22.2 weeks) for fulvestrant (log-rank P ¼ 0.162). At
that time, 87 patients had breast cancer that had pro-
gressed (according to RECIST version 1.1 or investigator-
assessed) and the remaining 8 patients had completed a
24-week assessment. In an updated analysis (13 July 2022),
the overall censored median PFS was similar; 24.2 weeks
(5.6 months, 95% CI 11.3-32.1 weeks) for lasofoxifene
versus 16.2 weeks (3.7 months, 95% CI 11.7-24.1 weeks) for
fulvestrant (log-rank P ¼ 0.138), with an HR of 0.699 (95%
CI 0.434-1.125; P ¼ 0.140; Figure 1). The KaplaneMeier
curves showed quick drops during the initial treatment
period in both arms, but with a clear separation between
the two arms after 16 weeks (Figure 1). Exploratory ana-
lyses showed that the PFS rate was higher with lasofoxifene
than with fulvestrant at 6 months (53.4%, 95% CI 38.6% to
66.2% versus 37.9%, 95% CI 23.9% to 51.8%) and 12 months
(30.7%, 95% CI 18.0% to 44.3% versus 14.1%, 95% CI 4.6%
to 28.5%). Other exploratory subgroup analyses of patients
with the Y537S ESR1 mutation and visceral metastasis
showed that lasofoxifene numerically improved median PFS
relative to fulvestrant [24.2 weeks (5.6 months) with laso-
foxifene and 14.2 weeks (3.3 months) with fulvestrant;
Supplementary Figure S2, available at https://doi.org/10.
1016/j.annonc.2023.09.3104].

The CBR was 36.5% (19/52) with lasofoxifene and 21.6%
(11/51) with fulvestrant (P ¼ 0.117; Figure 2). Among pa-
tients with measurable disease, 5 of 38 lasofoxifene-treated
patients achieved a confirmed objective response (1 CR and
4 PRs), while only 1 of 35 fulvestrant-treated patients
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achieved a confirmed PR (Figure 3), yielding an ORR of
13.2% versus 2.9% (P ¼ 0.124), respectively. The median
time to response for the five objective response events with
lasofoxifene was 15.8 weeks, with a median duration of
response (DoR) of 52.4 weeks; DoR for the CR was 72
weeks. In the one patient who achieved a confirmed PR
with fulvestrant, the time to response was 36.6 weeks and
the DoR was 55.0 weeks. Of note, 4 of 9 (44.4%)
lasofoxifene-treated patients who achieved a confirmed/
unconfirmed response had the Y537S mutation, while 1 of 3
(33.3%) fulvestrant-treated patients with a confirmed
response had the Y537S mutation (Figure 3).
Safety

Both treatments were generally well tolerated. TEAEs
occurred in 48 (94.1%) lasofoxifene-treated patients and 46
(95.8%) fulvestrant-treated patients; grade 3/4 toxicities
were 19.6% with lasofoxifene and 20.8% with fulvestrant;
no grade 5 TEAEs were noted (Table 2). The most common
TEAEs (all-grade incidence �20%) with lasofoxifene were
nausea, fatigue, arthralgia, and hot flushes, and those with
fulvestrant were fatigue, arthralgia, and increased aspartate
aminotransferase; most were grade 1/2 (Table 2). TEAEs
were considered treatment related in 64.7% of lasofoxifene-
treated patients and 56.3% of fulvestrant-treated patients
(Table 2). Other AEs of interest are summarized in
Supplementary Table S2, available at https://doi.org/10.
1016/j.annonc.2023.09.3104. Grade 2 vaginal dryness was
reported by one (2.1%) fulvestrant-treated patient, but no
lasofoxifene-treated patients. Grade 1 vaginal discharge was
reported by five (9.8%) patients receiving lasofoxifene, but
none receiving fulvestrant. No venous thromboembolic
events (VTEs), neutropenia, bradycardia, QT-interval
changes, or ocular changes were observed. SAEs were re-
ported in four (7.8%) lasofoxifene-treated patients and two
(4.2%) fulvestrant-treated patients (Table 2). One death
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occurred in the fulvestrant arm (Table 2) due to fulminant
disease progression (not considered a grade 5 AE as it was
disease related).
Changes in ESR1 MAF

Among the 61 patients with evaluable baseline and week 8
ctDNA, 35 lasofoxifene-treated patients had a total of 68
different ESR1 mutations with the most commonly detected
baseline ESR1 mutations being D538G, Y537S, Y537N,
E380Q, and Y537C. For the 26 fulvestrant-treated patients,
61 different ESR1 variants were observed. ESR1 MAF from
baseline to week 8 decreased in 82.9% (29/35) of
lasofoxifene-treated patients and 61.5% (16/26) of
fulvestrant-treated patients [undetectable in 31.4% (11/35)
versus 23.1% (6/26), respectively; Figure 4A]. ESR1 MAF
increased in 17.1% (6/35) of patients with lasofoxifene
versus 38.5% (10/26) with fulvestrant. For each of the
commonly detected ESR1 mutations, decreases in MAF
were observed in 71.4%-100% of lasofoxifene-treated pa-
tients and 38.9%-75.0% of fulvestrant-treated patients
(Figure 4A). In particular, lasofoxifene decreased Y537S MAF
in 86.7% (13/15) of patients; in marked contrast, fulvestrant
decreased the Y537S MAF in 38.9% (7/18).

The median percent changes in ESR1 MAF were sub-
stantially different between lasofoxifene and fulvestrant
(�87.1% versus �14.7%; Figure 4B). In evaluable patients
with the Y537S mutation, the median percent changes in
Y537S MAF were �89.1% with lasofoxifene and þ82.3%
with fulvestrant. Moreover, Y537S decreased to an unde-
tectable level in 33.3% (5/15) of evaluable patients who
received lasofoxifene versus 5.5% (1/18) of fulvestrant-
treated patients.

Lasofoxifene also decreased MAF for numerically more
variants than fulvestrant [85.3% (58/68) versus 49.2% (30/
61)] after 8 weeks of treatment.
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DISCUSSION

ELAINE 1 is the first study to demonstrate the antitumor
activity of lasofoxifene, a novel SERM, compared with the
ER degrader fulvestrant, in patients with ESR1-mutated
mBC in the post-CDK4/6i setting. Although the primary
Table 2. Incidence of TEAEs in the safety population

TEAE, n (%) Lasofoxifene
(n [ 51)

Total number of TEAEs 419

Patients with
Any TEAE 48 (94.1)
Any treatment-related TEAE 33 (64.7)
Any CTCAE grade 3/4 TEAE 10 (19.6)
Any grade 5 TEAE 0 (0)
TEAE leading to study drug discontinuation 0 (0)
Any SAE 4 (7.8)
Any treatment-emergent SAEs 4 (7.8)
Death 0 (0)

TEAEs ‡10% of patients
in either arm

All Grades

Nausea 14 (27.5)
Fatigue 12 (23.5)
Arthralgia 11 (21.6)
Hot flush 11 (21.6)
Constipation 8 (15.7)
Dizziness 8 (15.7)
Hypertension 8 (15.7)
Cough 8 (15.7)
Anemia 7 (13.7)
Myalgia 7 (13.7)
Diarrhea 7 (13.7)
Back pain 7 (13.7)
Muscle spasm 6 (11.8)
Dyspnea 6 (11.8)
Aspartate aminotransferase increased 5 (9.8)
Decreased appetite 5 (9.8)
Headache 4 (7.8)
Pain in extremity 1 (2.0)
Injection site pain 0 (0)
Alanine aminotransferase increased 0 (0)

AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; SAE, serious
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endpoint was not met, lasofoxifene provided a clinically
meaningfully improvement in PFS relative to fulvestrant
(w5.6 versus 3.7 months; P ¼ 0.138), resulting in a CBR
w70% greater than with fulvestrant (37% versus 22%; P ¼
0.117), with an ORR over fourfold greater [13% for
Fulvestrant
(n [ 48)

304

46 (95.8)
27 (56.3)
10 (20.8)
0 (0)
1 (2.1)
2 (4.2)
2 (4.2)
1 (2.1)

Grade 3/4/5 All Grades Grade 3/4/5

0 (0) 9 (18.8) 0 (0)
1 (2.0) 18 (37.5) 0 (0)
0 (0) 11 (22.9) 0 (0)
0 (0) 5 (10.4) 0 (0)
0 (0) 6 (12.5) 0 (0)
0 (0) 2 (4.2) 0 (0)
2 (3.9) 7 (14.6) 1 (2.1)
0 (0) 5 (10.4) 0 (0)
2 (3.9) 7 (14.6) 2 (4.2)
0 (0) 7 (14.6) 0 (0)
1 (2.0) 6 (12.5) 0 (0)
0 (0) 6 (12.5) 1 (2.1)
1 (2.0) 4 (8.3) 0 (0)
1 (2.0) 3 (6.3) 1 (2.1)
0 (0) 10 (20.8) 1 (2.1)
0 (0) 5 (10.4) 0 (0)
0 (0) 7 (14.6) 0 (0)
0 (0) 6 (12.5) 0 (0)
0 (0) 6 (12.5) 0 (0)
0 (0) 7 (14.6) 0 (0)

AE; TEAE, treatment-emergent adverse event.
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lasofoxifene versus 3% for fulvestrant (P ¼ 0.124)]. One
patient experienced a durable CR on lasofoxifene. All effi-
cacy endpoints numerically favored lasofoxifene over ful-
vestrant. Moreover, the significant decrease or clearance of
ESR1-mutated ctDNA with lasofoxifene suggests its target
engagement. Lasofoxifene also had a favorable safety pro-
file, with few grade 3/4 TEAEs and no unexpected safety
signals.

In this signal-seeking, phase II study, although with small
patient numbers, lasofoxifene improved PFS in those with
and without visceral metastasis, including those with
visceral metastases and resistant ESR1 Y537S mutation,
clinical and genomic factors both associated with more
severe disease.12,26,34 Although a subset of patients in both
arms exhibited initial rapid progression of their disease,
consistent with endocrine resistance, the PFS curves
diverged after w16 weeks, with numerically higher PFS
rates for lasofoxifene at 6 and 12 months.

Clinically, fulvestrant monotherapy has been associated
with a short median PFS (w2-4 months) in patients with
ESR1 mutations.9,21,23,24 The emergence of the Y537S mu-
tation with fulvestrant or fulvestrant plus palbociclib in the
PALOMA-3 study also suggests limited activity of fulvestrant
against the Y537S mutant.35 In line with this finding, our
ctDNA analysis found that Y537S MAF decreased more
frequently with lasofoxifene than with fulvestrant. Collec-
tively, these clinical and previous preclinical data28,33 sug-
gest that lasofoxifene more effectively targets the mutant
ER than fulvestrant, especially the Y537S mutant, even
without the need for ER degradation of fulvestrant or an
oral SERD. While both ER antagonism and degradation are
thought to account for fulvestrant’s activity, it has been
suggested that the ability to induce ER degradation may not
be correlated with the antitumor activity of fulvestrant and
other SERDs in ESR1-mutated breast cancer cells.36-38

Newer ER degrading agents under clinical development
for ERþ mBC are elacestrant, giredestrant, imlunestrant,
and camizestrant,39,40 while several others, such as
Volume 34 - Issue 12 - 2023
amcenestrant,41 rintodestrant,42 brilanestrant,43 and Zn-
C544 have been withdrawn from development. Elacestrant
is the first ER degrader to be Food and Drug Administration
(FDA) approved for the treatment of patients with ESR1-
mutated advanced BC or mBC.45 In the subgroup of patients
with ESR1-mutated advanced breast cancer who had prior
CDK4/6i treatment in the EMERALD study, elacestrant
improved efficacy compared with standard-of-care AI or
fulvestrant (median PFS 3.8 versus 1.9 months; CBR 24%
versus 12%; ORR 7% versus 5%).25 The PFS rate with ela-
cestrant was 41% and 27% at 6 and 12 months, respectively,
compared with 21% and 8%, respectively, with fulves-
trant.25 Reports on imlunestrant (phase Ia/Ib EMBER),46

camizestrant (phase II SERENA-2),23 giredestrant (phase II
acelERA Breast Cancer),47 and amcenestrant (phase I/II
AMEERA-1)48 have shown that the median PFS with these
newer ER degraders ranged from 3.7 to 5.5 months and the
CBR from 27% to 50%; most of these patients (61%-100%)
had prior CDK4/6i exposure. In subgroups of patients with
tumors harboring ESR1 mutations (with or without prior
CDK4/6i), camizestrant, giredestrant, and amcenestrant
were associated with a median PFS of 5.3-9.2 months and a
CBR of 21%-26%.23,47,48 Our median PFS (5.6 months), 6-
month (53%) and 12-month (31%) PFS rates, CBR (37%),
and ORR (13%) with lasofoxifene compare favorably with
those seen with elacestrant or other SERDs under investi-
gation in an ESR1 mutation, post-CDK4/6i setting.

Both lasofoxifene and fulvestrant were well tolerated
with no significant differences in their safety profiles, and a
similar incidence of grade 3/4 TEAEs. In addition, patients
treated with lasofoxifene 5 mg/day did not have a higher
frequency/severity of AEs than previously reported for
lower lasofoxifene doses.29 Lasofoxifene TEAEs were not
unexpected, as nausea, arthralgia, and hot flushes have
been previously observed with lower doses in non-oncology
populations.29,49,50 Nausea is a known side-effect of
tamoxifen (5%-26%),51 fulvestrant (11%-28%),17,18,52,53 and
elacestrant (35%).25 In ELAINE 1, 28% of lasofoxifene-
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treated patients versus 19% of fulvestrant-treated patients
had nausea, and few (<10%) patients experienced vomit-
ing. Dizziness (grade 1 only) was also reported more often
with lasofoxifene versus fulvestrant (16% versus 4%), but no
syncope occurred with either agent. Injection site pain was
reported only with intramuscular fulvestrant, as expected.
VTE is a known class effect for ER modulators including
lasofoxifene, raloxifene, and tamoxifen,54-59 and tamoxifen
is also associated with increased cataract incidence.60

ELAINE 1 study results are reassuring regarding these po-
tential toxicities with no VTEs, ocular toxicity, cardiac
events, or neutropenia reported.

In addition to its once-daily, oral dosing without food,
lasofoxifene may confer quality-of-life benefits, including
improved vulvovaginal and bone health, with its tissue-
selective properties. Lower lasofoxifene doses (0.25 and
0.5 mg/day) have been shown to improve symptoms of
vulvovaginal atrophy.30 Here, one vaginal dryness AE
occurred in the fulvestrant arm, while no vaginal dryness
events were reported in the lasofoxifene arm. However, five
patients treated with lasofoxifene experienced vaginal
discharge, suggesting a potential lubricant benefit of laso-
foxifene (5 mg/day). Moreover, lasofoxifene (0.5 mg/day)
has been shown to reduce fracture risk in postmenopausal
women with osteoporosis,29 unlike Ais, which suppress es-
trogen activity potentially leading to poor bone preserva-
tion.61,62 Potential tissue-selective benefits of lasofoxifene
at 5 mg/day in patients with breast cancer will be explored
in future studies.

While this signal-seeking study is limited by its small
sample size, especially in subgroup analyses, and not
reaching the targeted 86 PFS events, ELAINE 1 demon-
strated promising antitumor activity of lasofoxifene mono-
therapy for women with endocrine-resistant mBC after
prior CDK4/6i exposure. Furthermore, this is the first study
demonstrating the antitumor activity of a nondegrading
SERM in patients with mBC that had ligand-independent,
constitutively active ESR1 mutations and progressed on an
AI-CDK4/6i combination. In addition to ELAINE 1, a single-
arm, phase II study (ELAINE 2) evaluated the safety and
efficacy of lasofoxifene plus abemaciclib and demonstrated
encouraging PFS of w13 months in heavily pretreated pa-
tients with ESR1-mutated mBC and prior CDK4/6i exposure,
as recently reported.63 A phase III, ELAINE 3 trial
(NCT05696626) has been initiated to evaluate the combi-
nation of lasofoxifene plus abemaciclib versus fulvestrant
plus abemaciclib in patients with ESR1-mutated mBC.
Conclusions

In the ELAINE 1 study, lasofoxifene resulted in promising,
preliminary, antitumor activity compared with fulvestrant in
patients with ESR1-mutated mBC with prior CDK4/6i expo-
sure, and a favorable safety profile. While the study did not
statistically meet the primary endpoint given the small
sample size, attrition, and censoring from patients dis-
continuing for clinical rather than RECIST progression,
lasofoxifene did provide numerical and clinical
1148 https://doi.org/10.1016/j.annonc.2023.09.3104
improvement in median PFS, CBR, and ORR compared with
fulvestrant. Importantly, lasofoxifene demonstrated ‘on-
target’ effects, with reductions in the difficult-to-treat
Y537S MAF in most (87%) patients (median percent
change in MAF of �89%), while Y537S MAF increased in
more than half (61%) of fulvestrant-treated patients. Laso-
foxifene may be a new targeted, endocrine treatment op-
tion for patients with ESR1-mutated mBC after disease
progression on endocrine plus CDK4/6i therapies.

ACKNOWLEDGEMENTS

We appreciate the statistical analyses provided by James
McGavigan and Phil Shale, PhD (Summit Analytical). We also
thank Dominic Carroll and Noah Portman for their data
analysis assistance, and Hui Zhang, PhD and Kathleen
Ohleth, PhD (Precise Publications, LLC) for their medical
writing assistance, which was supported by Sermonix
Pharmaceuticals.

FUNDING

This work was supported by Sermonix Pharmaceuticals (no
grant number), who sponsored the study and provided
support for the statistical analyses, data analysis assistance,
and the medical writing assistance.

DISCLOSURE

MPG has received research support from Eli Lilly, Pfizer, and
Sermonix; has received honoraria for continuing medical
education (CME) activities from Research to Practice, Clin-
ical Education Alliance, and Medscape; was a panelist for
Total Health Conferencing and a moderator for Curio Sci-
ence; and has consulted for AstraZeneca, Biovica, Bio-
theranostics, Blueprint Medicines, Eagle, Eli Lilly, Novartis,
Pfizer, Sanofi Genzyme, and Sermonix. NAB has received
research support from Ambrx, AstraZeneca, Biovica Inter-
national AB, Daiichi Sankyo, Novartis, Pfizer, Sarah Cannon
Development Innovations, Seattle Genetics, Sermonix, and
Xcovery Holdings Company LLC. AB has received research
support from Agendia and AstraZeneca; and is a consultant
for AstraZeneca, Pfizer, Novartis, Eli Lilly, Genentech/Roche,
Seagen, Daiichi Sankyo, Merck, Agendia, Sanofi, and Puma.
MAC has received research support from Pfizer, Eli Lilly, and
AstraZeneca; honoraria from Pfizer, Eli Lilly, Foundation
Medicine, and Guardant; and has consulted for Menarini, Eli
Lilly, AstraZeneca, Ellipses, Celcuity, Olaris, and Sermonix. SD
received research funding from EMD Serono, Guardant
Health, Taiho Pharmaceuticals, Novartis, and Sermonix. GFF
has served as institutional primary investigator for studies
sponsored by Roche, Iovance, Sermonix, Compugen, Cell-
dex, Corcept, AstraZeneca, Molecular Templates, Astellas, K
group beta, and Pfizer; and received funding for CME events
from DSI, Merck, Caris, Eisai, and AstraZeneca. WJG has
served on the consulting/scientific advisory boards/DMC for
Seagen, Genentech, AstraZeneca, Stemline/Menarini, and
Eli Lilly. SLG owns shares in HCA Healthcare; serves as an
advisor for Daiichi Sankyo, AstraZeneca, Novartis, Pfizer,
Genentech, Seagen, Eli Lilly, and Gilead Sciences; and has
Volume 34 - Issue 12 - 2023

https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104


M. P. Goetz et al. Annals of Oncology
received honoraria for CME from Integrity CE, Medpage
Today, Mediq, DAVA Oncology, Academy of Continued
Healthcare Learning, Medical Educator Consortium, and
MJH Life Sciences. EH has received research support (paid
to institution) from AbbVie, Acerta Pharma, Accutar
Biotechnology, ADC Therapeutics, AKESOBIO Australia,
Amgen, Aravive, ArQule, Artios, Arvinas, AstraZeneca,
AtlasMedx, Black Diamond, Bliss BioPharmaceutical, Boeh-
ringer Ingelheim, Cascadian Therapeutics, Clovis, Compu-
gen, Cullen-Florentine, Curis, CytomX, Daiichi Sankyo, Dana
Farber Cancer Inst, Dantari, Deciphera, Duality Biologics,
eFFECTOR Therapeutics, Eli Lilly, Ellipses Pharma, Elucida
Oncology, EMD Serono, Fochon, Fujifilm, G1 Therapeutics,
H3 Biomedicine, Harpoon, Hutchison MediPharma, Immu-
noGen, Immunomedics, Incyte, Infinity Pharmaceuticals,
InventisBio, Jacobio, Karyopharm, Leap Therapeutics,
Lycera, MabSpace Biosciences, MacroGenics, MedImmune,
Merck, Mersana, Merus, Millennium, Molecular Templates,
Myriad Genetic Laboratories, Novartis, NuCana, Olema,
OncoMed, Onconova Therapeutics, ORIC Pharmaceuticals,
Orinove, Pfizer, PharmaMar, Pieris Pharmaceuticals, Pionyr
Immunotherapeutics, Plexxikon, Radius Health, Regeneron,
Relay Therapeutics, Repertoire Immune Medicine, Rgenix,
Roche/Genentech, Seagen, Sermonix, Shattuck Labs,
Silverback, Stemcentrx, Sutro, Syndax, Syros, Taiho, TapIm-
mune, Tesaro, Tolmar, Torque Therapeutics, Treadwell
Therapeutics, Verastem, Vincerx Pharma, Zenith Epigenetics,
Zymeworks; and is a consultant/advisor (paid to institution)
for Arcus, Arvinas, AstraZeneca, Black Diamond, Boehringer
Ingelheim, CytomX, Daiichi Sankyo, Dantari, Deciphera,
Eisai, Eli Lilly, Greenwich LifeSciences, H3 Biomedicine,
iTeos, Janssen, Loxo, Merck, Mersana, Novartis, Orum
Therapeutics, Pfizer, Propella Therapeutics, Puma Biotech-
nology, Relay Therapeutics, Roche/Genentech, Seagen, and
Silverback Therapeutics. SL has been a speaker for Seagen.
AMA has received research support or has served as insti-
tutional principal investigator for studies sponsored by
GlaxoSmithKline, Novartis, Genentech, Eli Lilly, Sermonix,
and the Department of Defense. TJP has received research
support from AstraZeneca, Gilead, HiberCell, Novartis,
Pfizer, Sanofi, Nuvation, and Olema; has been a speaker for
AstraZeneca, Gilead, and Seagen; and is a consultant for
AstraZeneca, Gilead, HiberCell, Novartis, Pfizer, Sanofi, and
Seagen. HSR has received research support from Pfizer,
Merck, Novartis, Eli Lilly, Roche, Daiichi Sankyo, Seattle
Genetics, MacroGenics, Sermonix, Boehringer Ingelheim,
Polyphor, AstraZeneca, Ayala, Astellas, and Gilead; and
honoraria from Puma, Samsung, and NAPO. SLS has
received research funding (paid to institution) from Astra
Zeneca, AbbVie, Bristol Myers Squibb, Eli Lilly, Seagen, and
Sermonix; and consults for Foundation Medicine, AstraZe-
neca, Daiichi Sankyo, Eli Lilly, Pfizer, Sermonix, and Novartis.
LSS has been a speaker for Merck, AstraZeneca, Daiichi
Sankyo, Seagen, and Novartis; and is a consultant for
AstraZeneca, Coherus, Daiichi Sankyo, Novartis, Pfizer, Sea-
gen, Genentech, Foundation Medicine, and Mirati. DGS is
on an advisory board for Novartis. GAV has received
research support from Roche/Genentech, Puma, Celcuity,
Volume 34 - Issue 12 - 2023
Merck, Bristol Myers Squibb, Eli Lilly, AstraZeneca, Pfizer,
Gilead, and GlaxoSmithKline; received honoraria for CME
services from Eli Lilly; has consulted for Roche/Genentech,
Novartis, Eli Lilly, Gilead, Puma, Pfizer, AstraZeneca, Bio-
theranostics, Daiichi Sankyo, and Concerto AI; and has
ownership with Oncodisc. GW has received research sup-
port from Daiichi Sankyo, Eisai, Eli Lilly, Gilead Sciences,
Pfizer, and Seagen. RY has received research support from
Roche; has been an invited speaker for Roche, Teva, Med-
ison, MSD, AstraZeneca, Novartis, and Eli Lilly; and is a
consultant for Roche, Pfizer, Novartis, Eli Lilly, and Gilead. All
were outside of the submitted work. DJP and PVP are em-
ployees and stockholders of Sermonix. ENGY has received
honoraria from Eli Lilly, Novartis, Pfizer, Roche, AstraZeneca,
and MSD. All other authors have declared no conflicts of
interest.
REFERENCES

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA
Cancer J Clin. 2022;72(1):7-33.

3. Gallicchio L, Devasia TP, Tonorezos E, Mollica MA, Mariotto A. Esti-
mation of the number of individuals living with metastatic cancer in
the United States. J Natl Cancer Inst. 2022;114(11):1476-1483.

4. Hwang KT, Kim J, Jung J, et al. Impact of breast cancer subtypes on
prognosis of women with operable invasive breast cancer: a
population-based study using SEER Database. Clin Cancer Res.
2019;25(6):1970-1979.

5. Giaquinto AN, Sung H, Miller KD, et al. Breast cancer statistics, 2022.
CA Cancer J Clin. 2022;72(6):524-541.

6. Johnston SJ, Cheung KL. Endocrine therapy for breast cancer: a model
of hormonal manipulation. Oncol Ther. 2018;6(2):141-156.

7. Burstein HJ, Somerfield MR, Barton DL, et al. Endocrine treatment and
targeted therapy for hormone receptor-positive, human epidermal
growth factor receptor 2-negative metastatic breast cancer: ASCO
Guideline Update. J Clin Oncol. 2021;39(35):3959-3977.

8. Toy W, Shen Y, Won H, et al. ESR1 ligand-binding domain mutations in
hormone-resistant breast cancer. Nat Genet. 2013;45(12):1439-1445.

9. Fribbens C, O’Leary B, Kilburn L, et al. Plasma ESR1 mutations and the
treatment of estrogen receptor-positive advanced breast cancer. J Clin
Oncol. 2016;34(25):2961-2968.

10. Jeselsohn R, De Angelis C, Brown M, Schiff R. The evolving role of the
estrogen receptor mutations in endocrine therapy-resistant breast
cancer. Curr Oncol Rep. 2017;19(5):35.

11. Robinson DR, Wu YM, Vats P, et al. Activating ESR1 mutations in
hormone-resistant metastatic breast cancer. Nat Genet. 2013;45(12):
1446-1451.

12. Jeselsohn R, Bergholz JS, Pun M, et al. Allele-specific chromatin
recruitment and therapeutic vulnerabilities of ESR1 activating muta-
tions. Cancer Cell. 2018;33(2):173-186.e175.

13. Li Z, McGinn O, Wu Y, et al. ESR1 mutant breast cancers show elevated
basal cytokeratins and immuneactivation.NatCommun. 2022;13(1):2011.

14. De Santo I, McCartney A, Migliaccio I, Di Leo A, Malorni L. The
emerging role of ESR1 mutations in luminal breast cancer as a prog-
nostic and predictive biomarker of response to endocrine therapy.
Cancers (Basel). 2019;11(12):1894.

15. Zhang K, Hong R, Xu F, et al. Clinical value of circulating ESR1mutations
for patients with metastatic breast cancer: a meta-analysis. Cancer
Manag Res. 2018;10:2573-2580.

16. Chandarlapaty S, Chen D, He W, et al. Prevalence of ESR1 mutations in
cell-free DNA and outcomes in metastatic breast cancer: a secondary
analysis of the BOLERO-2 Clinical Trial. JAMA Oncol. 2016;2(10):1310-
1315.
https://doi.org/10.1016/j.annonc.2023.09.3104 1149

http://refhub.elsevier.com/S0923-7534(23)03942-X/sref1
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref1
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref1
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref2
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref2
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref3
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref3
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref3
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref4
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref4
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref4
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref4
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref5
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref5
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref6
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref6
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref7
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref7
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref7
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref7
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref8
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref8
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref9
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref9
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref9
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref10
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref10
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref10
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref11
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref11
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref11
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref12
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref12
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref12
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref13
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref13
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref14
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref14
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref14
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref14
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref15
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref15
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref15
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref16
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref16
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref16
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref16
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104


Annals of Oncology M. P. Goetz et al.
17. Cristofanilli M, Turner NC, Bondarenko I, et al. Fulvestrant plus pal-
bociclib versus fulvestrant plus placebo for treatment of hormone-
receptor-positive, HER2-negative metastatic breast cancer that pro-
gressed on previous endocrine therapy (PALOMA-3): final analysis of
the multicentre, double-blind, phase 3 randomised controlled trial.
Lancet Oncol. 2016;17(4):425-439.

18. Sledge GW Jr, Toi M, Neven P, et al. MONARCH 2: abemaciclib in
combination with fulvestrant in women with HRþ/HER2� advanced
breast cancer who had progressed while receiving endocrine therapy.
J Clin Oncol. 2017;35(25):2875-2884.

19. Slamon DJ, Neven P, Chia S, et al. Overall survival with ribociclib plus
fulvestrant in advanced breast cancer. N Engl J Med. 2020;382(6):514-
524.

20. Lindeman GJ, Fernando TM, Bowen R, et al. VERONICA: randomized
phase II study of fulvestrant and venetoclax in ER-positive metastatic
breast cancer post-CDK4/6 inhibitors - efficacy, safety, and biomarker
results. Clin Cancer Res. 2022;28(15):3256-3267.

21. Kalinsky K, Accordino MK, Chiuzan C, et al. A randomized, phase II trial
of fulvestrant or exemestane with or without ribociclib after progres-
sion on anti-estrogen therapy plus cyclin-dependent kinase 4/6 inhi-
bition (CDK 4/6i) in patients (pts) with unresectable or hormone
receptorepositive (HRþ), HER2-negative metastatic breast cancer
(MBC): MAINTAIN trial. J Clin Oncol. 2022;40(suppl 17):LBA1004.

22. Mayer EL, Ren Y,Wagle N, et al. Palbociclib after CDK4/6i and endocrine
therapy (PACE): a randomized phase II study of fulvestrant, palbociclib,
and avelumab for endocrine pre-treated ERþ/HER2�metastatic breast
cancer (Abstract GS3-06). Cancer Res. 2023;83(suppl 5):GS3-GS06.

23. Oliveira M, Pominchuck D, Nowecki Z, et al. Camizestrant, a next
generation oral SERD vs fulvestrant in post-menopausal women with
advanced ER-positive HER2-negative breast cancer: results of the
randomized, multi-dose phase 2 SERENA-2 trial (Abstract GS3-02).
Cancer Res. 2023;83(suppl 5):GS3-02.

24. Turner NC, Kingston B, Kilburn LS, et al. Circulating tumour DNA
analysis to direct therapy in advanced breast cancer (plasmaMATCH): a
multicentre, multicohort, phase 2a, platform trial. Lancet Oncol.
2020;21(10):1296-1308.

25. Bidard FC, Kaklamani VG, Neven P, et al. Elacestrant (oral selective
estrogen receptor degrader) versus standard endocrine therapy for
estrogen receptor-positive, human epidermal growth factor receptor
2-negative advanced breast cancer: results from the randomized phase
III EMERALD Trial. J Clin Oncol. 2022;40(28):3246-3256.

26. Brett JO, Spring LM, Bardia A, Wander SA. ESR1 mutation as an
emerging clinical biomarker in metastatic hormone receptor-positive
breast cancer. Breast Cancer Res. 2021;23(1):85.

27. Pickar JH, MacNeil T, Ohleth K. SERMs: progress and future perspec-
tives. Maturitas. 2010;67(2):129-138.

28. Andreano KJ, Baker JG, Park S, et al. The dysregulated pharmacology of
clinically relevant ESR1 mutants is normalized by ligand-activated WT
receptor. Mol Cancer Ther. 2020;19(7):1395-1405.

29. Cummings SR, Ensrud K, Delmas PD, et al. Lasofoxifene in post-
menopausal women with osteoporosis. N Engl J Med. 2010;362(8):686-
696.

30. Portman DJ, Symons J. Lasofoxifene, an estrogen agonist/antagonist
improves symptoms of genitourinary syndrome of menopause (GSM)
and physiologic markers associated with vulvovaginal atrophy (VVA) in
two large phase 3 studies (Abstract P-36). Menopause. 2015;22(12):
1385-1386.

31. Goldstein SR, Neven P, Cummings S, et al. Postmenopausal evaluation
and risk reduction with lasofoxifene (PEARL) trial: 5-year gynecological
outcomes. Menopause. 2011;18(1):17-22.

32. LaCroix AZ, Powles T, Osborne CK, et al. Breast cancer incidence in the
randomized PEARL trial of lasofoxifene in postmenopausal osteopo-
rotic women. J Natl Cancer Inst. 2010;102(22):1706-1715.

33. Lainé M, Fanning SW, Chang Y-F, et al. Lasofoxifene as a potential
treatment for therapy-resistant ER-positive metastatic breast cancer.
Breast Cancer Res. 2021;23(1):54.

34. Fanning SW, Jeselsohn R, Dharmarajan V, et al. The SERM/SERD
bazedoxifene disrupts ESR1 helix 12 to overcome acquired hormone
resistance in breast cancer cells. Elife. 2018;7:e37161.
1150 https://doi.org/10.1016/j.annonc.2023.09.3104
35. O’Leary B, Cutts RJ, Liu Y, et al. The genetic landscape and clonal
evolution of breast cancer resistance to palbociclib plus fulvestrant in
the PALOMA-3 Trial. Cancer Discov. 2018;8(11):1390-1403.

36. Hosfield DJ, Weber S, Li NS, et al. Stereospecific lasofoxifene de-
rivatives reveal the interplay between estrogen receptor alpha stability
and antagonistic activity in ESR1 mutant breast cancer cells. Elife.
2022;11:e72512.

37. Guan J, Zhou W, Hafner M, et al. Therapeutic ligands antagonize es-
trogen receptor function by impairing its mobility. Cell. 2019;178(4):
949-963.e918.

38. Wardell SE, Marks JR, McDonnell DP. The turnover of estrogen receptor
alpha by the selective estrogen receptor degrader (SERD) fulvestrant is
a saturable process that is not required for antagonist efficacy. Bio-
chem Pharmacol. 2011;82(2):122-130.

39. Wang Y, Tang SC. The race to develop oral SERDs and other
novel estrogen receptor inhibitors: recent clinical trial results and
impact on treatment options. Cancer Metastasis Rev. 2022;41(4):
975-990.

40. Lloyd MR, Wander SA, Hamilton E, Razavi P, Bardia A. Next-generation
selective estrogen receptor degraders and other novel endocrine
therapies for management of metastatic hormone receptor-positive
breast cancer: current and emerging role. Ther Adv Med Oncol.
2022;14:17588359221113694.

41. Sanofi. Sanofi provides update on amcenestrant clinical development
program. Available at https://www.sanofi.com/en/media-room/press-
releases/2022/2022-08-17-05-30-00-2499668. Accessed January 4, 2023.

42. G1 Therapeutics. G1 Therapeutics provides first quarter 2022 financial
results and operational highlights. Available at: http://investor.
g1therapeutics.com/news-releases/news-release-details/g1-therapeutics-
provides-first-quarter-2022-financial-results. Accessed January 5, 2023.

43. NIH U.S. National Library of Medicine ClinicalTrials.gov. A study of GDC-
0810 single agent or in combination with palbociclib and/or a lutei-
nizing hormone-releasing hormone (LHRH) agonist in women with
locally advanced or metastatic estrogen receptor positive breast can-
cer. Available at: https://clinicaltrials.gov/ct2/show/NCT01823835
#wrapper. Accessed January 5, 2023.

44. Zentalis. Zentalis Pharmaceuticals reports second quarter 2022 financial
results and operational update. Available at: https://ir.zentalis.com/
news-releases/news-release-details/zentalis-pharmaceuticals-reports-
second-quarter-2022-financial. Accessed January 4, 2023.

45. ORSERDU� (elacestrant) tablets, for oral use. New York, NY: Stemline
Therapeutics, Inc.; 2023.

46. Jhaveri KL, Jeselsohn R, Lim E, et al. A phase 1a/b trial of imlunestrant
(LY3484356), an oral selective estrogen receptor degrader (SERD) in
ER-positive (ERþ) advanced breast cancer (aBC) and endometrial
endometrioid cancer (EEC): monotherapy results from EMBER. J Clin
Oncol. 2022;40(suppl 16):1021.

47. Lim E, Chaves M, Bardia A, et al. Exploratory subgroup and biomarker
analyses of acelERA Breast Cancer: phase II study of giredestrant (GDC-
9545) vs physician’s choice of endocrine therapy for previously treated,
estrogen receptorþ, HER2e advanced breast cancer (Abstract PD13-
04). Cancer Res. 2023;83(suppl 5):PD13. 04.

48. Bardia A, Chandarlapaty S, Linden HM, et al. AMEERA-1 phase 1/2
study of amcenestrant, SAR439859, in postmenopausal women with
ER-positive/HER2-negative advanced breast cancer. Nat Commun.
2022;13(1):4116.

49. McClung MR, Siris E, Cummings S, et al. Prevention of bone loss in
postmenopausal women treated with lasofoxifene compared with
raloxifene. Menopause. 2006;13(3):377-386.

50. Lewiecki EM. Lasofoxifene for the prevention and treatment of post-
menopausal osteoporosis. Ther Clin Risk Manag. 2009;5:817-827.

51. SOLTAMOX® (tamoxifen citrate) oral solution. Raleigh, NC: Fortovia
Therapeutics Inc.; 2019.

52. Robertson JFR, Bondarenko IM, Trishkina E, et al. Fulvestrant 500 mg
versus anastrozole 1 mg for hormone receptor-positive advanced
breast cancer (FALCON): an international, randomised, double-blind,
phase 3 trial. Lancet. 2016;388(10063):2997-3005.

53. Slamon DJ, Neven P, Chia S, et al. Phase III randomized study of
ribociclib and fulvestrant in hormone receptor-positive, human
Volume 34 - Issue 12 - 2023

http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref17
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref18
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref19
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref19
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref19
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref20
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref20
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref20
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref20
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref21
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref22
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref23
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref23
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref23
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref23
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref23
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref24
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref24
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref24
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref24
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref25
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref25
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref25
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref25
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref25
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref26
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref26
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref26
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref27
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref27
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref28
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref28
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref28
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref29
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref29
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref29
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref30
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref30
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref30
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref30
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref30
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref31
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref31
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref31
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref32
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref32
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref32
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref33
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref33
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref33
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref34
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref34
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref34
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref35
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref35
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref35
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref36
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref36
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref36
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref36
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref37
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref37
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref37
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref38
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref38
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref38
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref38
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref39
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref39
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref39
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref39
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref40
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref40
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref40
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref40
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref40
https://www.sanofi.com/en/media-room/press-releases/2022/2022-08-17-05-30-00-2499668
https://www.sanofi.com/en/media-room/press-releases/2022/2022-08-17-05-30-00-2499668
http://investor.g1therapeutics.com/news-releases/news-release-details/g1-therapeutics-provides-first-quarter-2022-financial-results
http://investor.g1therapeutics.com/news-releases/news-release-details/g1-therapeutics-provides-first-quarter-2022-financial-results
http://investor.g1therapeutics.com/news-releases/news-release-details/g1-therapeutics-provides-first-quarter-2022-financial-results
https://clinicaltrials.gov/ct2/show/NCT01823835#wrapper
https://clinicaltrials.gov/ct2/show/NCT01823835#wrapper
https://ir.zentalis.com/news-releases/news-release-details/zentalis-pharmaceuticals-reports-second-quarter-2022-financial
https://ir.zentalis.com/news-releases/news-release-details/zentalis-pharmaceuticals-reports-second-quarter-2022-financial
https://ir.zentalis.com/news-releases/news-release-details/zentalis-pharmaceuticals-reports-second-quarter-2022-financial
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref45
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref45
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref45
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref46
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref47
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref48
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref48
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref48
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref48
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref49
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref49
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref49
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref50
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref50
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref51
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref51
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref52
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref52
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref52
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref52
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref53
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref53
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104


M. P. Goetz et al. Annals of Oncology
epidermal growth factor receptor 2-negative advanced breast cancer:
MONALEESA-3. J Clin Oncol. 2018;36(24):2465-2472.

54. Ensrud K, LaCroix A, Thompson JR, et al. Lasofoxifene and cardiovas-
cular events in postmenopausal women with osteoporosis: five-year
results from the Postmenopausal Evaluation and Risk Reduction with
Lasofoxifene (PEARL) trial. Circulation. 2010;122(17):1716-1724.

55. Cuzick J, Forbes JF, Sestak I, et al. Long-term results of tamoxifen
prophylaxis for breast cancer–96-month follow-up of the randomized
IBIS-I trial. J Natl Cancer Inst. 2007;99(4):272-282.

56. Xu X, Chlebowski RT, Shi J, Barac A, Haque R. Aromatase inhibitor and
tamoxifen use and the risk of venous thromboembolism in breast
cancer survivors. Breast Cancer Res Treat. 2019;174(3):785-794.

57. Duggan C, Marriott K, Edwards R, Cuzick J. Inherited and acquired risk
factors for venous thromboembolic disease among women taking
tamoxifen to prevent breast cancer. J Clin Oncol. 2003;21(19):3588-3593.

58. Martino S, Disch D, Dowsett SA, Keech CA, Mershon JL. Safety
assessment of raloxifene over eight years in a clinical trial setting. Curr
Med Res Opin. 2005;21(9):1441-1452.
Volume 34 - Issue 12 - 2023
59. Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxifene on
cardiovascular events and breast cancer in postmenopausal women.
N Engl J Med. 2006;355(2):125-137.

60. Nelson HD, Fu R, Humphrey L, Smith MEB, Griffin JC, Nygren P.
Comparative Effectiveness of Medications To Reduce Risk of Primary
Breast Cancer in Women. Rockville (MD): Agency for Healthcare
Research and Quality (US); 2009.

61. Van Poznak CH. Bone health in adults treated with endocrine therapy
for early breast or prostate cancer. Am Soc Clin Oncol Educ Book. 2015:
e567-e574.

62. Amir E, Seruga B, Niraula S, Carlsson L, Ocana A. Toxicity of adjuvant
endocrine therapy in postmenopausal breast cancer patients: a systematic
review and meta-analysis. J Natl Cancer Inst. 2011;103(17):1299-1309.

63. Damodaran S, O’Sullivan CC, Elkhanany A, et al. Open-label, phase 2,
multicenter study of lasofoxifene plus abemaciclib for treating women
with metastatic ERþ/HER2- breast cancer and an ESR1 mutation after
disease progression on prior therapies: ELAINE 2. Ann Oncol. 2022. In
Press.
https://doi.org/10.1016/j.annonc.2023.09.3104 1151

http://refhub.elsevier.com/S0923-7534(23)03942-X/sref53
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref53
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref54
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref54
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref54
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref54
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref55
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref55
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref55
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref56
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref56
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref56
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref57
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref57
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref57
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref58
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref58
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref58
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref59
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref59
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref59
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref60
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref60
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref60
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref60
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref61
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref61
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref61
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref62
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref62
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref62
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
http://refhub.elsevier.com/S0923-7534(23)03942-X/sref63
https://doi.org/10.1016/j.annonc.2023.09.3104
https://doi.org/10.1016/j.annonc.2023.09.3104

	Lasofoxifene versus fulvestrant for ER+/HER2− metastatic breast cancer with an ESR1 mutation: results from the randomized,  ...
	Introduction
	Methods
	Study design and patients
	Study procedures
	Study outcomes
	Statistical analysis

	Results
	Patient disposition and baseline characteristics
	Efficacy
	Safety
	Changes in ESR1 MAF

	Discussion
	Conclusions

	Acknowledgements
	Funding
	Disclosure
	References


