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ABSTRACT
Endocrine therapy (ET) is recommended for patients with estrogen receptor-positive (ER+) metastatic 
breast cancer (mBC), but most patients will develop treatment resistance, often due to mutations in the 
ER-α-coding gene, ESR1. Therapeutic options are limited for endocrine-resistant mBC, particularly 
following treatment with a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i). Lasofoxifene had anti- 
tumor activity in two separate phase 2, open-label studies (ELAINE 1 and 2) when given as monotherapy 
or combined with abemaciclib. The phase 3, randomized ELAINE 3 trial will evaluate the efficacy and 
safety of lasofoxifene/abemaciclib versus fulvestrant/abemaciclib for locally advanced or metastatic, ER 
+/HER2- breast cancer with an ESR1 mutation that progressed after ET-CDK4/6i treatment. Enrollment is 
planned for up to 500 patients to evaluate progression-free survival as the primary endpoint.
Clinical trial registration: www.clinicaltrials.gov identifier is NCT05696626.
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1. Introduction

1.1. Background and rationale

Breast cancer is the leading cause of cancer deaths in women 
globally [1], and the second leading cause in the US [2]. 
Almost 170,000 US women are estimated to be living with 
metastatic breast cancer (mBC) by 2025 [3], with a 5-year 
survival rate of approximately 30% [4]. Endocrine therapy 
(ET) with a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) is 
recommended for patients with estrogen receptor-positive (ER 
+) mBC [5]. Studies have shown median overall survival in 
patients treated with aromatase inhibitor (AI)-CDK4/6i combi-
nations to be approximately 5 years or more [6–8]; however, 
most patients will ultimately develop resistance to treatment. 
Mutations in the ER-α-coding gene, ESR1, are acquired during 
treatment with AIs (alone or with a CDK4/6i) and drive ET 
resistance, resulting in tumor progression [9–12]. These ESR1 
mutations are in the ligand-binding domain, conferring 
ligand-independent, constitutive ER activity, and are found in 
up to 40% of tumors [13–16]. Therapeutic options are limited 
for endocrine-resistant mBC, particularly following treatment 
with a CDK4/6i [17,18].

Lasofoxifene is an oral, next-generation ET that antagonizes 
the ER in breast cancer cells harboring ESR1 mutations [19]. 
Studies of breast cancer cells that overexpress ESR1-mutant 
and wild-type (WT) ERs demonstrated that lasofoxifene had 
equal potency in ESR1-mutant and WT ERs, compared with

tamoxifen, fulvestrant, raloxifene, and other ER-targeting com-
pounds, which showed reduced potency in the mutant versus 
WT ER [19]. Lasofoxifene also stabilizes an antagonistic con-
formation of the Y537S-mutant ER, and, either alone or with 
palbociclib, inhibits tumor suppression and metastasis signifi-
cantly more than fulvestrant [20]. Clinically, lasofoxifene is 
known to be tissue selective, with ER agonist effects in bone 
and vaginal tissues, but neutral in the uterus, without an 
increased risk of uterine neoplasia [21–23]. In the phase 3, 
PEARL trial of postmenopausal women with osteoporosis, 
lasofoxifene reduced the risk of invasive ER+ breast cancer 
by 83% [21]. Subsequently, in two phase 2 studies, ELAINE 1 
[24] and ELAINE 2 [25], lasofoxifene exhibited anti-tumor activ-
ity in women with ESR1-mutant, ER+/HER2- mBC after progres-
sion on previous AI-CDK4/6i therapy.

ELAINE 1 (NCT03781063) was an open-label, randomized 
trial evaluating lasofoxifene versus fulvestrant monotherapy 
conducted at 47 sites in the United States, Canada, and Israel 
[24]. A total of 52 women with ESR1-mutant breast cancer who 
previously had AI-CDK4/6i’s (92% palbociclib; 0% fulvestrant; 
6% chemotherapy) were randomized to lasofoxifene and 51 to 
fulvestrant with progression-free survival (PFS) as the primary 
endpoint [24]. Patients treated with lasofoxifene monotherapy 
had numerically greater PFS (median 5.6 vs 3.7 months; p =  
0.138; hazard ratio [HR] 0.669 [95% CI, 0.434–1.125]), objective 
response rate (ORR, 13.2% vs 2.9%; p = 0.124), and clinical 
benefit rate (CBR, 36.5% vs 21.6%; p = 0.117) versus fulvestrant
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[24]. The small sample size of this phase 2, signal-seeking 
study limited the statistical power and conclusions of this 
study [24]. A favorable safety profile was reported in both 
treatment groups, with the most frequently reported adverse 
events (AEs) being grade 1 and 2 diarrhea, nausea, fatigue, 
arthralgia, and hot flushes with lasofoxifene, and fatigue, 
arthralgia, and increased aspartate aminotransferase with ful-
vestrant; no unexpected AEs were observed [24].

ELAINE 2 (NCT04432454) was an open-label, multicenter, 
single-arm trial conducted at 16 US sites to evaluate the 
combination of lasofoxifene and abemaciclib in women with 
ESR1-mutant, ER+/HER2- mBC, after progression on a previous 
ET and CDK4/6i (90% palbociclib; 79% fulvestrant; 41% tamox-
ifen; 48% chemotherapy) [25]. A total of 29 women were 
studied for the primary endpoint of safety and tolerability as 
assessed by adverse events (AEs) and related mortality [25]. 
Lasofoxifene combined with abemaciclib was generally well 
tolerated, with most AEs being grade 1 to 2 in severity. The 
most frequently reported AEs included diarrhea, nausea, 
vomiting, and fatigue [25]. AEs with the treatment combina-
tion were consistent with the safety profiles of the individual 
agents [25]. Efficacy results showed a median PFS of 12.9  
months (56 weeks) and CBR of 65.5% [25]. In 18 patients

with measurable target lesions, ORR was 55.6% (95% CI 
33.7% to 75.4%) with 10 patients experiencing a confirmed 
partial response (PR) (Figure 1) [25]. Notably, historical PFS 
data with various ET combinations, particularly abemaciclib- 
containing regimens, in the post-CDK4/6i setting ranges from 
2.7 to 7.3 months in all patients studied and 3.0–5.6 months in 
those with ESR1 mutations (Figure 2) [27–33]. Given the med-
ian PFS of 12.9 months in patients who received numerous 
prior lines of treatment in ELAINE 2 [25], the combination of 
lasofoxifene and abemaciclib warrants further study.

Exploratory analyses of both ELAINE trials found that the 
ESR1 mutant allele fraction (MAF) decreased or became unde-
tectable on treatment when compared with baseline, provid-
ing evidence for strong target engagement of lasofoxifene 
with the ER. Among 61 patients with evaluable cell-free circu-
lating tumor DNA (ctDNA) at baseline and week 8 in ELAINE 1, 
a decrease in ESR1 MAF was found in 82.9% of patients treated 
with lasofoxifene and 61.5% of those treated with fulvestrant 
(median percent change −87.1% vs −14.7%, respectively) [24]. 
Among 26 evaluable patients in ELAINE 2, 80.8% of patients 
treated with lasofoxifene/abemaciclib had ESR1 MAF decrease 
from baseline to week 4 [25].

1.2. Objectives and trial design

The phase 3, registrational, ELAINE 3 trial was initiated based on 
the promising anti-tumor activity of lasofoxifene both as mono-
therapy and when combined with abemaciclib in the ELAINE 1 
and ELAINE 2 trials, respectively. The objective of ELAINE 3 
(NCT05696626), an open-label, randomized, international, multi-
center study, is to compare the efficacy, safety, and tolerability of 
lasofoxifene combined with abemaciclib versus that of fulves-
trant combined with abemaciclib for treating adults with locally 
advanced or metastatic, ESR1-mutated, ER+/HER2- breast cancer 
who have disease progression on an aromatase inhibitor (AI) 
combined with a CDK4/6i. The recent postMONARCH trial con-
firmed fulvestrant plus abemaciclib as an appropriate compara-
tor arm for ELAINE 3, with a median PFS of 6.0 months and a 27% 
improvement in PFS versus fulvestrant alone, with similar efficacy 
between patients in the ESR1 mutation subgroup and the overall 
population [29]. Study enrollment is currently underway at com-
munity clinic and academic hospital sites in North America, 
Europe, and Asia.

2. Methods

2.1. Participants

Participants are women (pre- or postmenopausal) or men 
aged ≥18 years, with ER+/HER2- non curable locally advanced 
breast cancer (aBC) and/or mBC, with either measurable 
(according to Response Evaluation Criteria in Solid Tumors 
[RECIST] 1.1) or non-measurable disease; histologic or cytolo-
gic confirmation of ER+/HER2- disease based on most recent 
or archival biopsy; ≥1 ESR1 point mutation in the ESR1 ligand- 
binding domain as assessed in ctDNA from blood using 
Guardant 360 as the clinical trial assay; clinical evidence of 
progression on an AI in combination with palbociclib or ribo-
ciclib as their first hormonal treatment for aBC/mBC; ≤1
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cytotoxic chemotherapy regimen before study entry (≥14 day 
washout); no evidence of progression for ≥6 months on an AI- 
CDKi combination; Eastern Cooperative Oncology Group 
(ECOG) performance score of 0 or 1; and acceptable organ 
function based on laboratory values (Table 1). Premenopausal 
women must maintain ovarian suppression during the study 
and use a double barrier method of contraception.

Exclusion criteria include visceral crisis requiring immediate 
cytotoxic chemotherapy; lymphangitic carcinomatosis of the 
lung or grade 3/4 interstitial lung disease; untreated and/or 
unstable brain metastases; history of progression on abemaci-
clib, fulvestrant, or other selective estrogen receptor degrader 
(SERD); known RB1 mutations or deletions that confer resistance 
to CDK4/6i (by investigator opinion); radiotherapy within 30 days

Figure 1. Patient response in the ELAINE 2 study [25,26]. CBR, clinical benefit rate; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; LAS, lasofoxifene; mBC, metastatic 
breast cancer.

Figure 2. Median progression-free survival in ELAINE 2 and other studies with endocrine therapy combinations after progression on cyclin-dependent kinase 4/6 
inhibitors in patients with ESR1 mutations and in all patients [25,27–33]; N/A, not analyzed/studied or not reported; PFS, progression-free survival.
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before randomization; history of pulmonary embolism, deep 
vein thrombosis, or any thrombophilia; history of long QTc syn-
drome or QTc > 480 msec; and concomitant treatment with 
strong CYP3A4 inhibitors or strong/moderate CYP3A4 inducers 
(Table 1). Other exclusion criteria include significant comorbid-
ities associated with malabsorption, active systemic bacterial or 
fungal infection, past HIV or hepatitis, other malignancy (besides 
basal cell/squamous cell carcinoma of the skin) within the last 5  
years, and positive pregnancy test. In addition to CYP3A4 inhibi-
tors/inducers, the concomitant use of anti-cancer agents, hor-
mone replacement therapy, and prolonged systemic 
corticosteroids will be prohibited. Loperamide is permitted for 
the treatment of diarrhea.

2.2. Interventions

Eligible patients enrolled by the principal investigators will be 
randomized following stratification for presence of visceral dis-
ease (i.e., lung and/or liver metastasis) versus non-visceral dis-
ease, prior chemotherapy versus no prior chemotherapy in the 
metastatic setting, and prior palbociclib versus prior ribociclib. 
Patients who received either palbociclib or ribociclib and then

switched to another CDK4/6i for reasons other than progression 
will be stratified according to the last CDK4/6i they were taking at 
the time of disease progression. Patients in each stratum will be 
randomized 1:1 using a sponsor-generated permuted block ran-
domization scheme to receive either oral lasofoxifene 5 mg once 
a day plus oral abemaciclib 150 mg twice a day or fulvestrant 
500 mg IM on days 1, 15, and 29 and every 4 weeks thereafter 
plus oral abemaciclib 150 mg twice a day (Figure 3) until disease 
progression (as per RECIST 1.1), death, unacceptable toxicity, or 
withdrawal from the study for any reason. All study drugs are to 
be taken with or without food.

At the time ELAINE 3 was designed and initiated, there was no 
globally accepted standard of care for the treatment of patients 
with mBC and an ESR1 mutation. However, the fulvestrant/abe-
maciclib combination is globally approved and shown to have 
activity in patients with ESR1 mutations, and was thus chosen as 
the comparator in the ELAINE 3 study. Most recently, the 
postMONARCH trial reported superior PFS (investigator- 
assessed) with fulvestrant/abemaciclib versus fulvestrant/pla-
cebo (6.0 vs 5.3 months; HR 0.73 [95% CI, 0.57–0.95], nominal 
p = 0.02) in a non-biomarker – selected mBC that progressed on 
a prior CDK4/6i and AI [29]. A similar benefit was seen in patients

Table 1. Participant inclusion and exclusion criteria.

Inclusion Exclusion

Female or male Visceral crisis needing chemotherapy
Age ≥18 years Lymphangitic carcinomatosis of the lung
ER+/HER2-, local aBC and/or mBC Brain metastasis
≥1 acquired ESR1 mutation Disease progression on fulvestrant or other SERD
Progression on an AI plus palbociclib or ribociclib as the first hormonal treatment Known inactivating RB1 mutations or deletions
No disease progression for ≥6 months on AI-CDK4/6i combination for aBC CDK4/6i within <14 days or radiotherapy <30 days before randomization
≤1 line of cytotoxic chemotherapy in the advanced/metastatic and/or adjuvant 

setting
History of PE, DVT, or any known thrombophilia

ECOG performance score of 0 or 1 History of long QTc syndrome or QTc > 480 msec
Laboratory-confirmed, adequate organ function Taking concomitant strong CYP3A4 inhibitors or strong/moderate CYP3A4 

inducers

aBC: advanced breast cancer; AI: aromatase inhibitor; CDK4/6i: cyclin-dependent kinase 4/6 inhibitor; DVT: deep vein thrombosis; ECOG: Eastern Cooperative 
Oncology Group; mBC: metastatic breast cancer; PE: pulmonary embolism; SERD: selective estrogen receptor degrader. 

Figure 3. Design of the ELAINE 3 trial. AI, aromatase inhibitor; MAF, mutant allele fraction.
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with ESR1 mutations [29], justifying the use of the fulvestrant- 
abemaciclib combination in ELAINE 3.

Dose interruptions for grade 3 or 4 AEs will be permitted 
for lasofoxifene or fulvestrant (i.e., hold therapy and resume 
with resolution to grade < 2 or baseline) and for abemaciclib 
(i.e., two dose reductions from 150 mg BID to 100 mg, and 
then from 100 mg to 50 mg BID, with treatment withdrawn if 
50 mg is not tolerated). Abemaciclib dose will be modified in 
a similar way for patients who require concomitant use of 
a strong/moderate CYP3A inhibitor. Doses will be modified 
(AEs of grade 2/3) or discontinued (AEs of grade 3/4) in 
cases of elevated liver enzymes, interstitial lung disease, 
venous thromboembolic abnormalities, and other toxicities. 
Patients who withdraw from treatment will be followed for 
28 days for any serious adverse events (SAEs).

2.3. Outcomes and data collection

Study visits will occur at baseline and at weeks 2, 4, 8, and 
every 4 weeks thereafter up to the final visit or early termina-
tion. The primary endpoint is PFS per RECIST 1.1 based on 
blinded independent central review (BICR) for the combina-
tion of lasofoxifene and abemaciclib compared with fulves-
trant and abemaciclib. Key secondary efficacy endpoints 
include the anti-tumor response of each drug regimen as 
characterized by ORR, duration of response, and time to 
response (in patients with an objective response), as well as 
CBR and OS (Table 2). Patients with measurable (≥1 lesion per 
RECIST 1.1 criteria) and nonmeasurable disease at baseline will 
be evaluated every 8 weeks according to RECIST 1.1 criteria. In 
patients with measurable disease, the response criteria will be 
complete response (CR), PR, stable disease (SD), or progressive 
disease (PD). If CR or PR is detected, a confirmation scan (or 
photograph) will be obtained at least 4 weeks after the initial 
observation. For subjects with non-measurable disease, the 
response criteria are limited to CR, non-CR/non-PD, or PD at 
each of the efficacy time points. Patients who withdraw from 
the study because of disease progression must have progres-
sion documented by RECIST 1.1 criteria. The investigator will 
determine progression based on clinical and radiologic assess-
ment using RECIST 1.1, and all efficacy images will be 
uploaded and submitted for BICR. Local (investigator) versus 
BICR assessments will be compared when the study endpoint 
is met. Overall survival (OS) will be monitored at 6-month 
intervals for all patients following disease progression or dis-
continuation for any reason.

Safety (AEs) will be assessed at weeks 2 and 4 after enroll-
ment and then every 4 weeks until disease progression or until

early termination. Analyses will include AE collection using 
general questioning, clinical laboratory tests, ECGs, vital 
signs, and concomitant medications. AEs include (but are not 
limited to) worsening of conditions present at the start of the 
study, health deterioration due to primary illness, intercurrent 
illness, drug interaction, or abnormal and clinically significant 
laboratory values. Symptoms related to disease progression 
will not be considered as an AE. AEs will be summarized by 
system organ class and preferred term, using the Medical 
Dictionary for Regulatory Activities (MedDRA), for all AEs, 
SAEs, treatment-related AEs, AEs leading to treatment discon-
tinuation or study withdrawal, and AEs leading to death. AEs 
and SAEs will be assessed for type, severity (according to 
Common Terminology Criteria for Adverse Events [CTCAE] 
version 5.0), course, duration, seriousness, and relationship to 
treatment throughout the study. Laboratory abnormalities will 
be assessed according to CTCAE version 5.0.

Quality of life will be assessed by the Functional 
Assessment of Cancer Therapy Breast Cancer-Endocrine 
Subscale (FACT B-ES) at baseline and from week 4 onward. 
The FACT B-ES is comprised of multiple items rated on 
a 5-point scale for physical well-being, social/family well- 
being, emotional well-being, functional well-being, additional 
concerns, and endocrine symptoms. It was chosen as the most 
appropriate questionnaire based on the tissue-selective activ-
ity of lasofoxifene, as well as its endocrine domain that 
includes items pertaining to vaginal and sexual health, which 
are of particular interest given that previous studies of laso-
foxifene have demonstrated improvements in these areas in 
both postmenopausal [22] and oncology populations [34]. 
Time until cytotoxic chemotherapy will also be assessed.

Blood samples for ctDNA will be collected for genomic 
analyses at screening, at weeks 4 and 8, and every 8 weeks 
thereafter. These exploratory analyses will examine the effects 
of treatment in each arm on ESR1 mutant allele fraction, as 
well as co-occurring mutations involving genes encoding pro-
teins in the PI3K/PTEN/AKT pathway. Additionally, we will 
investigate the prognostic and predictive roles of ESR1, 
PIK3CA, PTEN, and AKT mutations.

2.4. Statistical analysis

This study is designed to test the hypothesis that lasofoxifene/ 
abemaciclib will meaningfully increase the time to disease 
progression or death compared with fulvestrant/abemaciclib 
among patients with locally advanced or metastatic ER 
+/HER2- breast cancer with an ESR1 mutation. A sample size 
of up to 500 (250 per treatment arm), calculated based on the

Table 2. Secondary efficacy outcome definitions (per RECIST 1.1 criteria).

Outcome Definition

Progression-free disease (PFS) Interval between randomization and date of first documented progressiona or death from any cause
Objective response rate (ORR) Percentage of patients with measurable disease at baseline whose best overall response is a confirmed CR or PRa

Overall survival (OS) Time from randomization to death from any cause
Clinical benefit rate (CBR) Percentage of patients with best overall response of confirmed CR, PR, or SDa for ≥24 weeks
Duration of response (DOR) Time from first documented CR or PRa to the date of first documented disease progression or death
Time to response (TTR) Time from randomization to the first documented CR or PRa

aAccording to Response Evaluation Criteria in Solid Tumors 1.1 (RECIST 1.1). 
CR: complete response; PR: partial; response; SD: stable disease. 
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primary endpoint of PFS (per RECIST 1.1) as determined by 
BICR, will achieve 90% power with a 1-sided, type I error rate 
of 0.025. PFS will be determined using Kaplan–Meier methods, 
with comparisons made using a stratified log-rank test, and 
HRs (95% CI) computed using a stratified Cox proportional 
hazards model. For the primary analysis, patients who discon-
tinue treatment before disease progression will be monitored 
for disease progression or death, with censoring rules applied 
in accordance with the Food and Drug Administration gui-
dance for industry. A non-binding, interim futility assessment 
will be reviewed by the data safety monitoring board; the 
study may be stopped for futility or safety reasons, as decided 
by the sponsor.

3. Conclusions

The phase 3, multicenter, randomized, open-label ELAINE 3 
study will build on phase 2 findings [24,25] by evaluating the 
efficacy and safety of lasofoxifene/abemaciclib versus fulves-
trant/abemaciclib for the treatment of locally advanced or 
metastatic, ER+/HER2- breast cancer with an ESR1 mutation 
that progresses after AI-CDK4/6i treatment. Lasofoxifene alone 
[24] and when combined with abemaciclib [25] exhibited anti- 
tumor activity in ER+/HER-, ESR1-mutated mBC that pro-
gressed on ET and CDK4/6i, with reductions and clearance of 
ESR1 MAF and no unexpected safety signals [24,25]. If the 
safety and efficacy of lasofoxifene/abemaciclib are confirmed 
in the ELAINE 3 trial, this combination will become 
a potentially important therapeutic option for women with 
ER+/HER2- mBC harboring ESR1 mutations in the difficult-to- 
treat, post-CDK4/6i setting.
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