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BACKGROUND
Imlunestrant is a next-generation, brain-penetrant, oral selective estrogen-receptor 
(ER) degrader that delivers continuous ER inhibition, even in cancers with mutations 
in the gene encoding ERα (ESR1).
METHODS
In a phase 3, open-label trial, we enrolled patients with ER-positive, human epidermal 
growth factor receptor 2 (HER2)–negative advanced breast cancer that recurred or 
progressed during or after aromatase inhibitor therapy, administered alone or with 
a cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitor. Patients were assigned in a 
1:1:1 ratio to receive imlunestrant, standard endocrine monotherapy, or imlunestrant–
abemaciclib. Primary end points were investigator-assessed progression-free survival 
with imlunestrant as compared with standard therapy among patients with ESR1 
mutations and among all patients and with imlunestrant–abemaciclib as compared 
with imlunestrant among all patients who had undergone randomization con-
currently.
RESULTS
Overall, 874 patients underwent randomization, with 331 assigned to imlunestrant, 
330 to standard therapy, and 213 to imlunestrant–abemaciclib. Among 256 patients 
with ESR1 mutations, the median progression-free survival was 5.5 months with 
imlunestrant and 3.8 months with standard therapy. The estimated restricted mean 
survival time at 19.4 months was 7.9 months (95% confidence interval [CI], 6.8 to 
9.1) with imlunestrant and 5.4 months (95% CI, 4.6 to 6.2) with standard therapy 
(difference, 2.6 months; 95% CI, 1.2 to 3.9; P<0.001). In the overall population, the 
median progression-free survival was 5.6 months with imlunestrant and 5.5 months 
with standard therapy (hazard ratio for progression or death, 0.87; 95% CI, 0.72 to 
1.04; P = 0.12). Among 426 patients in the comparison of imlunestrant–abemaciclib 
with imlunestrant, the median progression-free survival was 9.4 months and 5.5 
months, respectively (hazard ratio, 0.57; 95% CI, 0.44 to 0.73; P<0.001). The inci-
dence of grade 3 or higher adverse events was 17.1% with imlunestrant, 20.7% with 
standard therapy, and 48.6% with imlunestrant–abemaciclib.
CONCLUSIONS
Among patients with ER-positive, HER2-negative advanced breast cancer, treatment 
with imlunestrant led to significantly longer progression-free survival than standard 
therapy among those with ESR1 mutations but not in the overall population. Im-
lunestrant–abemaciclib significantly improved progression-free survival as compared 
with imlunestrant, regardless of ESR1-mutation status. (Funded by Eli Lilly; EMBER-3 
ClinicalTrials.gov number, NCT04975308.)
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Estrogen receptor (ER)–positive, hu-
man epidermal growth factor receptor 2 
(HER2)–negative breast cancer is the most 

common subtype of breast cancer and is treated 
with endocrine therapy.1 Enhancements to endo-
crine therapy have incrementally improved out-
comes by means of continued ER targeting by 
different mechanisms. These mechanisms include 
selective ER modulators and selective ER degraders 
that directly antagonize ER as well as aromatase 
inhibitors that block estrogen production and that 
can subsequently lead to resistance by means of 
mutation in the gene encoding ERα (ESR1).2,3 New 
oral selective ER degraders may effectively target 
these ESR1 mutations.4,5

Cyclin-dependent kinase 4 and 6 (CDK4/6) 
inhibitors have been a critical addition to endo-
crine therapy and are commonly combined with 
aromatase inhibitors as first-line therapy for ER-
positive, HER2-negative advanced breast cancer.6 
Abemaciclib, a potent CDK4/6 inhibitor that is 
administered on a continuous schedule, has shown 
a profound benefit across all therapeutic contexts, 
including adjuvant therapy and advanced disease 
management.6-9 Abemaciclib has also shown a 
benefit in patients who have disease progression 
while they are receiving CDK4/6 inhibitor therapy.10

Fulvestrant is the only selective ER degrader 
that has been broadly approved both as mono-
therapy and as part of combination therapy, in 
which it is most commonly combined with in-
hibitors of phosphatidylinositol 3-kinase (PI3K), 
AKT, and mammalian target of rapamycin (mTOR) 
or of CDK4/6.8,11-13 Despite its broad use, fulves-
trant has substantial disadvantages. Poor oral 
bioavailability necessitates intramuscular admin-
istration, which limits its dose and thereby its 
dose-dependent efficacy.14-16 Furthermore, the in-
jections can be painful and burdensome to pa-
tients, mainly requiring in-office administration, 
and oral options may be preferred.17,18 The effi-
cacy of fulvestrant is also limited in patients 
with ESR1 mutations.14 Given these limitations, 
new oral selective ER degraders have been devel-
oped with the goal of improving both efficacy and 
patient experience by means of ease of administra-
tion. Critical to these efforts is the identification of 
selective ER degraders that have a favorable safety 
profile, which would permit both adjuvant devel-
opment and use in combination therapy, a nec-
essary approach for advanced disease.

Imlunestrant is a next-generation, brain-pene-

trant, oral selective ER degrader and pure ER 
antagonist that delivers continuous ER inhibition, 
even in ESR1-mutated breast cancer.19,20 In the 
phase 1 EMBER study, imlunestrant, as mono-
therapy and in combination with abemaciclib, 
showed mainly low-grade toxic effects, favorable 
pharmacokinetics, and encouraging antitumor 
activity in patients with ER-positive, HER2-nega-
tive advanced breast cancer.21 Here, we present 
the primary analysis results of the EMBER-3 trial, 
in which we investigated the efficacy of imlunes-
trant, as monotherapy and in combination with 
abemaciclib, in patients with ER-positive, HER2-
negative advanced breast cancer whose disease 
had recurred or progressed during or after treat-
ment with an aromatase inhibitor administered 
alone or with a CDK4/6 inhibitor.

Me thods

Trial Design

In this open-label, phase 3 trial, we initially ran-
domly assigned patients in a 1:1 ratio to receive 
either oral imlunestrant (at a dose of 400 mg once 
daily; imlunestrant group) or the investigator’s 
choice of standard endocrine monotherapy (oral 
exemestane [25 mg once daily] or fulvestrant 
[500 mg, administered as an intramuscular in-
jection on days 1 and 15 of cycle 1 and on day 1 
of subsequent 28-day cycles]; standard-therapy 
group). The trial was amended early in the en-
rollment process to a 1:1:1 randomization with 
the addition of a group that received imlunes-
trant (400 mg once daily) plus oral abemaciclib 
(150 mg twice daily) (imlunestrant–abemaciclib 
group). Premenopausal women, perimenopausal 
women, and men received a gonadotropin-releas-
ing hormone agonist. Randomization was strati-
fied according to previous CDK4/6 inhibitor 
treatment (yes vs. no), the presence or absence 
of visceral metastases, and geographic region 
(East Asia vs. North America or western Europe 
vs. other).

Patient Population

Women (with any menopausal status) or men 18 
years of age or older who had locally confirmed 
ER-positive, HER2-negative advanced breast can-
cer were eligible. Patients had to have measurable 
disease according to the Response Evaluation 
Criteria in Solid Tumors (RECIST), version 1.1, or 
nonmeasurable bone-only disease. Patients had 
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to have disease progression while receiving an 
aromatase inhibitor (administered alone or with 
a CDK4/6 inhibitor) as neoadjuvant or adjuvant 
treatment or within 12 months after adjuvant treat-
ment or while receiving first-line treatment for 
advanced breast cancer. No other previous ther-
apy for advanced breast cancer was permitted. Pa-
tients with visceral crisis, symptomatic or un-
treated brain metastases, or inflammatory breast 
cancer were excluded.

End Points

The three primary end points were investigator-
assessed progression-free survival with imlunes-
trant as compared with standard therapy among 
patients with ESR1 mutations; with imlunestrant 
as compared with standard therapy among all 
patients; and with imlunestrant–abemaciclib as 
compared with imlunestrant among all patients 
who had undergone randomization concurrent-
ly. The end point of progression-free survival with 
imlunestrant as compared with standard therapy 
among patients with ESR1 mutations was changed 
from a secondary end point to a primary end 
point by means of a protocol amendment in Au-
gust 2022.

Overall survival for the three between-group 
comparisons listed above were key secondary 
end points. Other secondary end points included 
progression-free survival as assessed by means 
of blinded independent central review, overall re-
sponse, and safety. Details of post hoc analyses 
are provided in the Supplementary Appendix.

Assessments

Tumor assessments (according to RECIST, ver-
sion 1.1) with the use of computed tomography 
or magnetic resonance imaging were performed 
at baseline (within 28 days before randomiza-
tion), every 8 weeks for the first 12 months, and 
then every 12 weeks until the occurrence of pro-
gression. Data on adverse events (assessed ac-
cording to the Common Terminology Criteria for 
Adverse Events, version 5.0, of the National Can-
cer Institute) were collected until 30 days after 
the last dose of trial drug.

ESR1-mutation status was centrally determined 
in blood samples that had been obtained before 
treatment administration. Patients who had at 
least one ESR1 mutation classified as “oncogen-
ic” or “likely oncogenic”22 were included in the 
subgroup of patients with ESR1 mutations (Fig. 

S1 in the Supplementary Appendix, available with 
the full text of this article at NEJM.org).

Trial Oversight

The trial protocol, which is available at NEJM.org, 
was approved by the ethics review board at each 
site. The trial was conducted in accordance with 
the principles of the Declaration of Helsinki, the 
Good Clinical Practice guidelines of the Interna-
tional Council for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human Use, 
and applicable laws and regulations. All the par-
ticipants provided written informed consent.

The trial was designed by the sponsor (Eli 
Lilly) in collaboration with the protocol steering 
committee. The investigators gathered the data. 
The sponsor monitored the conduct of the trial, 
received the data, and performed all the analyses. 
The authors vouch for the accuracy and complete-
ness of the data and for the fidelity of the trial to 
the protocol.

The first draft of the manuscript was written 
by the authors employed by the sponsor, with 
assistance from a sponsor-funded medical writer. 
Subsequently, all the authors reviewed the manu-
script. The investigators and protocol steering 
committee worked under confidentiality agree-
ments with the sponsor.

Statistical Analysis

To adjust for multiplicity and control the overall 
type I error at 0.025 (one-sided), the alpha level 
for significance was initially split between the 
progression-free survival comparison of imlunes-
trant with standard therapy among patients with 
ESR1 mutations (0.02) and among all patients 
(0.005) (Fig. S2). Progression-free survival with 
imlunestrant–abemaciclib as compared with im-
lunestrant was to be inferentially tested only if 
either of the first two primary end points was 
significant according to the graphical testing pro-
cedure.23 Overall survival for each between-group 
comparison was to be tested only if the corre-
sponding end point for progression-free survival 
was significant. Full details of the graphical test-
ing procedure are provided in the protocol and 
Supplementary Appendix.

The final analysis of progression-free survival 
comparing imlunestrant with standard therapy 
in patients with ESR1 mutations was planned to 
occur once 192 events (progression or death) had 
taken place. We calculated that this analysis would 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic Imlunestrant Standard Therapy
Imlunestrant–
Abemaciclib

Patients with 
ESR1 Mutations 

(N = 138)
All Patients 
(N = 331)

Patients with 
ESR1 Mutations 

(N = 118)
All Patients 
(N = 330)

All Patients 
(N = 213)

Median age (range) — yr 61 (28–85) 61 (28–87) 60 (33–85) 62 (27–89) 62 (36–87)

Female sex — no. (%) 138 (100) 327 (98.8) 118 (100) 329 (99.7) 211 (99.1)

Postmenopausal status — no. (%) 122 (88.4) 278 (84) 105 (89.0) 284 (86.1) 184 (86.4)

Race — no. (%)†

White 80 (58.0) 186 (56.2) 76 (64.4) 191 (57.9) 111 (52.1)

Asian 35 (25.4) 92 (27.8) 31 (26.3) 96 (29.1) 72 (33.8)

Black 7 (5.1) 11 (3.3) 3 (2.5) 7 (2.1) 8 (3.8)

Other 8 (5.8) 25 (7.6) 4 (3.4) 23 (7.0) 6 (2.8)

Missing data 8 (5.8) 17 (5.1) 4 (3.4) 13 (3.9) 16 (7.5)

Geographic region — no. (%)‡

East Asia 30 (21.7) 83 (25.1) 26 (22.0) 84 (25.5) 66 (31.0)

North America or western Europe 63 (45.7) 127 (38.4) 54 (45.8) 127 (38.5) 95 (44.6)

Other 45 (32.6) 121 (36.6) 38 (32.2) 119 (36.1) 52 (24.4)

ECOG performance-status score  
— no. (%)§

0 85 (61.6) 219 (66.2) 77 (65.3) 208 (63.0) 142 (66.7)

1 53 (38.4) 112 (33.8) 41 (34.7) 122 (37.0) 71 (33.3)

Progesterone receptor–positive disease 
— no. (%)

109 (79.0) 257 (77.6) 97 (82.2) 260 (78.8) 158 (74.2)

ESR1 mutation — no. (%)¶ 138 (100) 138 (41.7) 118 (100) 118 (35.8) 67 (31.5)

PI3K pathway mutation — no. (%)‖ 72 (52.2) 129 (39.0) 57 (48.3) 128 (38.8) 88 (41.3)

Measurable disease at baseline  
— no. (%)

112 (81.2) 262 (79.2) 91 (77.1) 251 (76.1) 167 (78.4)

Site of metastases — no. (%)

Viscera 84 (60.9) 189 (57.1) 67 (56.8) 177 (53.6) 119 (55.9)

Liver 57 (41.3) 107 (32.3) 47 (39.8) 98 (29.7) 57 (26.8)

Bone only 27 (19.6) 72 (21.8) 30 (25.4) 86 (26.1) 51 (23.9)

Endocrine resistance — no. (%)**

Primary 0 25 (7.6) 0 36 (10.9) 16 (7.5)

Secondary 138 (100) 305 (92.1) 118 (100) 293 (88.8) 197 (92.5)

Context of most recent endocrine  
therapy — no. (%)

As neoadjuvant or adjuvant therapy 29 (21.0) 106 (32.0) 23 (19.5) 113 (34.2) 63 (29.6)

For advanced breast cancer 101 (73.2) 208 (62.8) 91 (77.1) 208 (63.0) 145 (68.1)

Previous CDK4/6 inhibitor — no. (%)

Overall 93 (67.4) 195 (58.9) 85 (72.0) 189 (57.3) 139 (65.3)

As adjuvant therapy 3 (2.2) 14 (4.2) 3 (2.5) 15 (4.5) 7 (3.3)

For advanced breast cancer 90 (65.2) 181 (54.7) 82 (69.5) 174 (52.7) 132 (62.0)
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have 97% power, assuming a hazard ratio of 0.57 
at the significance level of 0.02. The analysis of 
progression-free survival comparing imlunes-
trant with standard therapy in all patients was 
planned to occur once approximately 480 events 
had taken place. We calculated that this analysis 
would have 91% power, assuming a hazard ratio 
of 0.74 at the full significance level after recycling. 
The final analysis of progression-free survival 
comparing imlunestrant–abemaciclib with im-
lunestrant in all patients who had undergone ran-
domization concurrently was planned to occur 
once 248 events had taken place. We calculated 
that this analysis would have 80% power, assum-
ing a hazard ratio of 0.7 at the significance level 
of 0.025.

Progression-free survival and overall survival 
were estimated with the use of the Kaplan–Meier 
method and tested with a stratified log-rank test, 
with stratification according to the randomiza-
tion factors (although geographic region was ex-
cluded from the analysis involving patients with 
ESR1 mutations). Hazard ratios and 95% confi-

dence intervals were estimated with the use of 
the stratified Cox regression model. The propor-
tional-hazards assumption was assessed with 
the use of the Schoenfeld residual test.24 If the 
curves were not parallel and the proportional-
hazards assumption was violated, an analysis of 
restricted mean survival time (the area under the 
survival curve up to the specific time point) was 
conducted.25,26 Subgroup analyses of progression-
free survival and overall survival for all three 
two-group comparisons were conducted accord-
ing to prespecified factors, including status with 
regard to ESR1 mutation (present or absent), and 
clinically relevant nonprespecified factors. All 
reported P values are two-sided.

R esult s

Patients

From October 2021 through November 2023, a 
total of 874 patients underwent randomization 
at 195 sites across 22 countries. A total of 331 
patients were assigned to the imlunestrant group, 

Characteristic Imlunestrant Standard Therapy
Imlunestrant–
Abemaciclib

Patients with 
ESR1 Mutations 

(N = 138)
All Patients 
(N = 331)

Patients with 
ESR1 Mutations 

(N = 118)
All Patients 
(N = 330)

All Patients 
(N = 213)

Previous CDK4/6 inhibitor therapy — 
no./total no. (%)

Palbociclib 64/93 (68.8) 118/195 (60.5) 61/85 (71.8) 130/189 (68.8) 90/139 (64.7)

Ribociclib 22/93 (23.7) 56/195 (28.7) 22/85 (25.9) 50/189 (26.5) 37/139 (26.6)

Abemaciclib 7/93 (7.5) 19/195 (9.7) 2/85 (2.4) 7/189 (3.7) 10/139 (7.2)

*	� Patients in the standard-therapy group received standard endocrine therapy (exemestane or fulvestrant). Percentages may not total 100 
because of rounding. CDK4/6 denotes cyclin-dependent kinase 4 and 6.

†	� Race was reported by the patients. Data were missing for patients who did not disclose their race.
‡	� East Asia included China, Japan, South Korea, and Taiwan. North America and western Europe included Austria, Belgium, the Czech 

Republic, France, Germany, Greece, Italy, the Netherlands, Spain, and the United States. Other included Argentina, Australia, Brazil, India, 
Mexico, Russia, Turkey, and Ukraine.

§	� Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicating greater disabil-
ity.

¶	� ESR1 mutation status was centrally assessed with the use of pretreatment circulating tumor DNA (ctDNA). Samples were analyzed by 
means of Guardant360 CDx (Guardant Health), except in patients from China, for whom the pretreatment samples were analyzed by the 
OncoCompass Target assay (Burning Rock Biotech).

‖	� Phosphatidylinositol 3-kinase (PI3K) pathway mutations included single nucleotide variants and insertions or deletions in the genes 
PIK3CA, AKT1, or PTEN as analyzed by Guardant360 ctDNA assay. This analysis excluded 40 patients from China and 18 patients with 
unknown ESR1-mutation status.

**	� Endocrine resistance was assessed according to the European School of Oncology–European Society for Medical Oncology International 
Consensus Guidelines for advanced breast cancer (ABC guidelines 6 and 7). Data were missing for one patient in the standard-therapy 
group that included all patients.

Table 1. (Continued.)
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330 to the standard-therapy group, and 213 to the 
imlunestrant–abemaciclib group. Most patients in 
the standard-therapy group (292 of 330) received 
fulvestrant (Fig. S3).

Overall, the characteristics of the patients at 
baseline were generally balanced among the treat-
ment groups (Table 1). Among all the patients, 
the median age was 61 years (range, 27 to 89), 
55.5% had visceral metastases, and 59.8% had 
previously received a CDK4/6 inhibitor. A total of 
256 patients (38.7%) across the imlunestrant 
group (138 patients) and standard-therapy group 
(118 patients) had ESR1 mutations; the baseline 
characteristics of these patients were broadly 
similar to those in the overall population, except 
for marginally higher percentages of patients 
with PI3K pathway mutations (50.4%), liver me-
tastases (40.6%), and previous CDK4/6 inhibitor 
treatment (69.5%). The patient population in this 
trial was representative of the population of pa-
tients with ER-positive, HER2-negative advanced 
breast cancer who have previously received endo-
crine therapy with an aromatase inhibitor with 
or without a CDK4/6 inhibitor (Table S8).

Treatment

At the primary analysis (data-cutoff date, June 
24, 2024), a total of 183 patients were continuing 
to receive treatment, including 65 of 331 patients 
(19.6%) in the imlunestrant group, 43 of 330 
(13.0%) in the standard-therapy group, and 75 
of 213 (35.2%) in the imlunestrant–abemaciclib 
group. The median duration of treatment was 
5.6 months with imlunestrant, 4.8 months with 
standard therapy, and 7.7 months with imlunes-
trant–abemaciclib. The main reason for treatment 
discontinuation was disease progression (in 239 
patients [72.2%] in the imlunestrant group, in 
258 [78.2%] in the standard-therapy group, and 
in 113 [53.1%] in the imlunestrant–abemaciclib 
group).

Efficacy
Imlunestrant vs. Standard Therapy

The primary analysis occurred after 211 events 
(progression or death) were observed among pa-
tients with ESR1 mutations (109 in the imlunes-
trant group and 102 in the standard-therapy 
group) and 490 events were observed among all 
the patients (237 in the imlunestrant group and 
253 in the standard-therapy group). Among pa-
tients with ESR1 mutations, the median progres-

sion-free survival was 5.5 months (95% confi-
dence interval [CI], 3.9 to 7.4) in the imlunestrant 
group, as compared with 3.8 months (95% CI, 
3.7 to 5.5) in the standard-therapy group (Fig. 1A 
and Fig. S4). Owing to evidence of nonpropor-
tional hazards, which make interpretation of the 
hazard ratio problematic, a restricted mean sur-
vival time analysis was conducted. The estimat-
ed restricted mean survival time at 19.4 months 
was 7.9 months (95% CI, 6.8 to 9.1) in the im-
lunestrant group as compared with 5.4 months 
(95% CI, 4.6 to 6.2) in the standard-therapy group 
(difference, 2.6 months; 95% CI, 1.2 to 3.9; 
P<0.001) (Fig. 1A). Among all 661 patients in the 
overall between-group comparison, the median 
progression-free survival was 5.6 months (95% CI, 
5.3 to 7.3) in the imlunestrant group and 5.5 
months (95% CI, 4.6 to 5.6) in the standard-
therapy group (hazard ratio for progression or 
death, 0.87; 95% CI, 0.72 to 1.04; P = 0.12) (Fig. 1B).

Progression-free survival analyses across all 
subgroups in patients with ESR1 mutations are 
shown in Figure S5. The results of the secondary 
analyses of progression-free survival according 
to blinded independent central review and over-
all response were consistent with those of the 
primary analysis in patients with ESR1 mutations 
(Fig. S6 and Table S1).

In exploratory analyses involving patients with-
out ESR1 mutations, the median progression-free 
survival was 5.6 months in the imlunestrant 
group and 5.7 months in the standard-therapy 
group (hazard ratio for progression or death, 
1.00; 95% CI, 0.79 to 1.27) (Fig. S7). In post hoc 
analyses, the 12-month cumulative incidence of 
central nervous system (CNS) progression was 
1.5% with imlunestrant and 6.7% with standard 
therapy among patients with ESR1 mutations 
(cause-specific hazard ratio, 0.18; 95% CI, 0.04 
to 0.90). Among all patients, the incidence of 
CNS progression was 1.6% with imlunestrant 
and 3.0% with standard therapy (cause-specific 
hazard ratio, 0.47; 95% CI, 0.16 to 1.38) (Fig. S8).

As of the interim overall survival analysis, 
31.2% of the patients with ESR1 mutations had 
died, as had 23.0% of all patients (Fig. 2A and 2B). 
The estimated overall survival at 18 months was 
77.0% (95% CI, 67.4 to 84.1) in the imlunestrant 
group and 58.6% (95% CI, 47.2 to 68.3) in the 
standard-therapy group among patients with ESR1 
mutations (hazard ratio for death, 0.55; 95% CI, 
0.35 to 0.86; P = 0.008 [not significant; P-value 
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threshold, 2.2×10−10]) and 78.6% (95% CI, 72.6 
to 83.5) in the imlunestrant group and 71.8% 
(95% CI, 65.4 to 77.2) in the standard-therapy 
group among all patients (hazard ratio, 0.69; 
95% CI, 0.50 to 0.96 [not inferentially tested]) 
(Fig. 2B). Overall survival among patients without 
ESR1 mutations is shown in Figure S9.

Imlunestrant–Abemaciclib vs. Imlunestrant

The primary analysis was conducted after 263 
events (progression or death) had occurred (114 
in the imlunestrant–abemaciclib group and 149 in 
the imlunestrant group) among all 426 patients 
in this between-group comparison who had under-
gone randomization concurrently (213 patients in 

Figure 1. Investigator-Assessed Progression-free Survival with Imlunestrant as Compared with Standard Therapy.

Panel A shows Kaplan–Meier estimates of progression-free survival among patients with ESR1 mutations. The median follow-up was 
16.7 months in the imlunestrant group and 13.8 months in the group that received standard endocrine therapy. Panel B shows Kaplan–
Meier estimates of progression-free survival in the overall patient population. The median follow-up was 16.6 months in the imlunes-
trant group and 16.8 months in the standard-therapy group. In both panels, tick marks indicate censored data.
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each group). The median progression-free survival 
was 9.4 months (95% CI, 7.5 to 11.9) in the im-
lunestrant–abemaciclib group, as compared with 
5.5 months (95% CI, 3.8 to 5.6) in the imlunes-
trant group (hazard ratio for progression or death, 
0.57; 95% CI, 0.44 to 0.73; P<0.001) (Fig. 3A).

Results in analyses comparing imlunestrant–
abemaciclib with imlunestrant were similar across 

most patient subgroups, regardless of ESR1-muta-
tion status or PI3K pathway–mutation status and 
also in patients who had received CDK4/6 inhibi-
tor treatment previously (Fig. 3B and Figs. S10, 
S11, and S12). The data regarding overall sur-
vival were immature, with 15.0% of the patients 
having died (hazard ratio for death, 1.34; 95% CI, 
0.81 to 2.21; P = 0.25) (Fig. S16). Results of the 

Figure 2. Overall Survival with Imlunestrant as Compared with Standard Therapy.

Shown are Kaplan–Meier estimates of overall survival among patients with ESR1 mutations (Panel A) and among all patients (Panel B). 
Statistical significance was not met in the analysis involving patients with ESR1 mutations (P-value threshold, 2.2×10−10) and was not in-
ferentially tested in the analysis involving all patients. In both panels, tick marks indicate censored data.
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secondary analyses of progression-free survival ac-
cording to blinded independent central review and 
overall response were consistent with those of the 
primary analysis (Fig. S13 and Table S2).

Results regarding prespecified exploratory end 
points were generally consistent with those of the 
primary analyses. In the analysis of imlunestrant–
abemaciclib as compared with standard therapy, 

Figure 3. Investigator-Assessed Progression-free Survival with Imlunestrant–Abemaciclib as Compared with Imlunestrant Alone.

Panel A shows Kaplan–Meier estimates of progression-free survival among all 426 patients in the imlunestrant–abemaciclib and im-
lunestrant groups who had undergone randomization concurrently. The median follow-up was 13.5 months in the imlunestrant–abe-
maciclib group and 13.7 months in the imlunestrant group. Panel B shows Kaplan–Meier estimates of progression-free survival among 
patients who had received cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitor treatment previously. The confidence interval shown for 
the hazard ratio in Panel B was not adjusted for multiplicity and should not be used for inference. In both panels, tick marks indicate 
censored data.
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the hazard ratio for progression or death was 0.46 
(95% CI, 0.36 to 0.60) (Fig. S14). In the analysis 
of overall survival with imlunestrant–abemaciclib 
as compared with standard therapy, the hazard 
ratio for death was 0.90 (95% CI, 0.57 to 1.42) 
(Fig. S15).

Safety

The safety population included 859 patients who 
initiated treatment. A total of 327 patients in the 
imlunestrant group, 324 in the standard-therapy 
group, and 208 in the imlunestrant–abemaciclib 
group were in the safety population.

Imlunestrant
The most frequently reported adverse events of 
any grade in the imlunestrant group, as compared 
with the standard-therapy group, were fatigue 
(in 22.6% vs. 13.3% of the patients), diarrhea (in 
21.4% vs. 11.7%), and nausea (in 17.1% vs. 13.0%), 

with the majority of these events being of grade 
1. Adverse events of grade 3 or higher occurred 
in 17.1% of the patients who received imlunestrant 
and in 20.7% of those who received standard 
therapy — predominantly, anemia (in 2.1% vs. 
2.8% of the patients) and neutropenia (in 2.1% 
vs. 1.9%) (Table 2 and Table S3). The incidence 
of bradycardia (in 2.1% of the patients in the im-
lunestrant group and in no patients in the stan-
dard-therapy group), dyslipidemia as a grouped 
term (in 7.3% vs. 8.6%), photopsia (in no patients 
in either group), and increased levels of triglyc-
erides and cholesterol (as relevant laboratory vari-
ables) is shown in Table S4.

Serious adverse events were reported in 10.4% 
of the patients who received imlunestrant and in 
11.4% of those who received standard therapy 
(Table S5). In each of these two treatment groups, 
six patients died owing to adverse events, includ-
ing one death (from right ventricular failure) in 

Table 2. Adverse Events According to Grade (Safety Population).*

Event
Imlunestrant 

(N = 327)
Standard Therapy 

(N = 324)
Imlunestrant–Abemaciclib 

(N = 208)

Any Grade Grade ≥3 Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Any adverse event 270 (82.6) 56 (17.1) 273 (84.3) 67 (20.7) 204 (98.1) 101 (48.6)

Fatigue† 74 (22.6) 1 (0.3) 43 (13.3) 2 (0.6) 80 (38.5) 10 (4.8)

Diarrhea 70 (21.4) 1 (0.3) 38 (11.7) 0 179 (86.1) 17 (8.2)

Nausea 56 (17.1) 1 (0.3) 42 (13.0) 0 101 (48.6) 4 (1.9)

Arthralgia 46 (14.1) 2 (0.6) 46 (14.2) 1 (0.3) 19 (9.1) 1 (0.5)

Aspartate aminotransferase in-
crease

41 (12.5) 3 (0.9) 41 (12.7) 3 (0.9) 34 (16.3) 5 (2.4)

Back pain 35 (10.7) 2 (0.6) 23 (7.1) 1 (0.3) 10 (4.8) 1 (0.5)

Alanine aminotransferase increase 34 (10.4) 1 (0.3) 33 (10.2) 2 (0.6) 28 (13.5) 10 (4.8)

Anemia† 33 (10.1) 7 (2.1) 41 (12.7) 9 (2.8) 91 (43.8) 16 (7.7)

Abdominal pain† 29 (8.9) 1 (0.3) 18 (5.6) 2 (0.6) 41 (19.7) 4 (1.9)

Vomiting 29 (8.9) 2 (0.6) 16 (4.9) 1 (0.3) 65 (31.2) 1 (0.5)

Decreased appetite 26 (8.0) 1 (0.3) 12 (3.7) 1 (0.3) 41 (19.7) 2 (1.0)

Thrombocytopenia† 18 (5.5) 3 (0.9) 16 (4.9) 4 (1.2) 38 (18.3) 3 (1.4)

Neutropenia† 17 (5.2) 7 (2.1) 15 (4.6) 6 (1.9) 100 (48.1) 41 (19.7)

Leukopenia† 17 (5.2) 2 (0.6) 15 (4.6) 0 54 (26.0) 9 (4.3)

Rash† 9 (2.8) 0 12 (3.7) 0 21 (10.1) 3 (1.4)

Hypercreatinemia† 9 (2.8) 1 (0.3) 7 (2.2) 0 45 (21.6) 2 (1.0)

*	�The safety population included all the patients who received at least one dose of imlunestrant, fulvestrant, or exemestane or one dose each 
of imlunestrant and abemaciclib in the imlunestrant–abemaciclib group. The listed events were reported in at least 10% of the patients in 
any treatment group and are ordered according to the incidence in the imlunestrant group.

†	�This event was reported as a consolidated term. A detailed list of consolidated terms is provided in the Supplementary Appendix.
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the imlunestrant group that was considered by the 
investigator to be related to treatment.

Among patients who received imlunestrant, 
adverse events led to dose interruptions in 10.4% 
(vs. in 0.6% of those who received standard 
therapy). Dose reductions occurred in 2.4% of the 
patients who received imlunestrant and in none 
of the patients who received standard therapy, 
and permanent discontinuation occurred in 4.3% 
and 1.2%, respectively (Table S6).

Imlunestrant–Abemaciclib
The incidence of adverse events was higher in 
the imlunestrant–abemaciclib group than in the 
imlunestrant group. The most frequently re-
ported adverse events of any grade were diarrhea 
(in 86.1% of the patients), nausea (in 48.6%), neu-
tropenia (in 48.1%), and anemia (in 43.8%). Ad-
verse events of grade 3 or higher occurred in 
48.6% of the patients — predominantly, neutro-
penia (in 19.7%), diarrhea (in 8.2%), and anemia 
(in 7.7%) (Table 2 and Table S7).

Serious adverse events were reported in 16.8% 
of the patients; three patients had a fatal out-
come, with one death (from an unknown cause) 
being considered by the investigator to be relat-
ed to treatment. Adverse events led to dose inter-
ruptions of imlunestrant, abemaciclib, or both in 
55.3% of the patients, dose reductions in 39.4%, 
and permanent discontinuation in 6.3%.

Discussion

Disease progression after treatment with an aro-
matase inhibitor, with or without a CDK4/6 in-
hibitor, remains a formidable challenge in the 
treatment of ER-positive, HER2-negative advanced 
breast cancer owing to complex molecular altera-
tions and other drivers of endocrine-therapy resis-
tance. We describe the primary progression-free 
survival results from the phase 3 EMBER-3 trial 
of imlunestrant as compared with standard thera-
py and of imlunestrant–abemaciclib as compared 
with imlunestrant in patients with ER-positive, 
HER2-negative advanced breast cancer that had 
progressed during or after aromatase inhibitor 
therapy with or without a CDK4/6 inhibitor.

Imlunestrant therapy significantly improved 
progression-free survival over standard therapy 
among patients with ESR1 mutations (between-
group difference in restricted mean survival time, 
2.6 months; 95% CI, 1.2 to 6.9; P<0.001) but did 

not reach significance in the overall population 
(hazard ratio for progression or death, 0.87; 95% 
CI, 0.72 to 1.04). Imlunestrant–abemaciclib ther-
apy significantly improved progression-free sur-
vival over imlunestrant among all patients (haz-
ard ratio, 0.57; 95% CI, 0.44 to 0.73; P<0.001), 
with a similar treatment effect observed regard-
less of ESR1-mutation status. The safety profile 
of imlunestrant was similar to that of standard 
therapy, and the safety profile of imlunestrant–
abemaciclib was consistent with the known pro-
file of fulvestrant–abemaciclib.8,12

In a finding in line with those of other trials 
of new selective ER degraders, the benefit of im-
lunestrant over standard therapy was more pro-
nounced in patients with ESR1 mutations than in 
those without ESR1 mutations.4,27,28 In a result 
consistent with preclinical data showing the CNS 
penetrance and CNS activity of imlunestrant,19 the 
percentage of patients with CNS progression was 
somewhat lower with imlunestrant than with stan-
dard therapy among all patients, although small 
numbers of patients and a lack of mandated serial 
CNS imaging in all the patients limit interpreta-
tion. In the overall population, progression-free 
survival was not significantly prolonged with 
imlunestrant. Although we acknowledge differ-
ences in the enrolled populations and trial de-
signs, these results closely mirror those reported 
in the EMERALD trial with elacestrant, a new 
selective ER degrader with dose-dependent mixed 
ER agonist–antagonist activity.4,29,30

Although new oral selective ER degraders as 
monotherapy appear to be particularly effica-
cious in patients with ESR1 mutations, data from 
our trial show that their treatment benefit when 
used in combination with CDK4/6 inhibitors may 
be more broadly based than when used as mono-
therapy.31 Treatment with imlunestrant–abemaci-
clib led to a significant improvement over im-
lunestrant alone in the median progression-free 
survival among all patients (9.4 vs. 5.5 months), 
which is a substantial advantage in progression-
free survival given recent studies in the context 
of this disease.4,10,13,32

The EMBER-3 trial lacked a direct compari-
son of imlunestrant–abemaciclib with fulves-
trant–abemaciclib, and unlike the EMERALD and 
postMONARCH trials,4,10 our trial did not require 
previous treatment with a CDK4/6 inhibitor. How-
ever, most patients (65%) in the imlunestrant–
abemaciclib group in our trial had received a 
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CDK4/6 inhibitor previously, and the treatment 
effect of imlunestrant–abemaciclib (hazard ratio 
for progression or death, 0.51) in these patients 
was consistent with that in the overall popula-
tion, and the median progression-free survival 
was 9.1 months. In addition, the treatment effect 
of imlunestrant–abemaciclib was similar in pa-
tients with or without ESR1 or PI3K pathway muta-
tions. The consistency of these results across clini-
cally relevant subgroups is reassuring given that 
most patients who are eligible for second-line 
therapy have received a CDK4/6 inhibitor previ-
ously and that many available second-line therapies 
require biomarker selection.11,33,34 In the context of 
combination therapy that can effectively target and 
overcome other (non-ESR1) mechanisms of resis-
tance, it is possible that an oral selective ER 
degrader combined with CDK4/6 inhibition more 
completely inhibits the ER signaling cascade, 
which would drive efficacy in populations of 
patients with ESR1 mutations and in those without 
such mutations and would possibly have more 
synergy than fulvestrant in this context.

Imlunestrant therapy showed favorable safety, 
with generally low-grade adverse events — main-
ly fatigue, diarrhea, and nausea, each at relatively 
low incidences — and low percentages of patients 
with dose reduction and discontinuation. Pre-
liminary analysis suggests that imlunestrant ther-
apy involves lower risks of bradycardia, dyslipid-
emia, and photopsia than other new selective ER 
degraders.33-35 In the currently ongoing trials of 
new selective ER degraders as adjuvant therapy, 
data regarding the long-term safety profiles of and 
adherence to these therapies will be important.36-39 
Imlunestrant–abemaciclib had a predictable safety 
profile, which was similar to that seen in previ-

ous studies of fulvestrant–abemaciclib.8,12 The 
incidence of discontinuation of imlunestrant–
abemaciclib (6.3%) also compares favorably with 
that of available combination regimens, including 
fulvestrant–alpelisib (26%), fulvestrant–capivaser-
tib (13%), and exemestane–everolimus (19%), each 
of which had arguably less-predictable and less-
manageable toxic effects, such as hyperglycemia, 
rash, and stomatitis, than imlunestrant–abe-
maciclib.11,13,40

This phase 3 trial involving patients with ER-
positive, HER2-negative advanced breast cancer 
that had progressed during or after aromatase 
inhibitor therapy with or without a CDK4/6 in-
hibitor showed significant prolongation of pro-
gression-free survival with imlunestrant over 
standard therapy among patients with ESR1 muta-
tions, as well as with imlunestrant–abemaciclib 
over imlunestrant in all patients. Imlunestrant 
showed mainly low-grade toxic effects as mono-
therapy and in combination with abemaciclib. 
Imlunestrant, as monotherapy or in combination 
with abemaciclib, provides an oral targeted-ther-
apy option after progression during endocrine 
therapy in patients with ER-positive, HER2-neg-
ative advanced breast cancer.

Presented in part at the San Antonio Breast Cancer Sympo-
sium, San Antonio, Texas, December 10–13, 2024.

Supported by Eli Lilly. Dr. Jhaveri is supported by a grant 
(P30 CA008748) from the Memorial Sloan Kettering Cancer 
Center, and Dr. Bidard by a grant (ANR-23-IAHU-0006) from the 
Women’s Cancer Institute of Institut Curie.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

We thank the patients, their families, and their caregivers for 
participating in this trial; the site staff; and Monique Mendonca, 
Ph.D., an employee of Eli Lilly, for medical writing and editorial 
assistance with an earlier version of the manuscript.

Appendix
The authors’ full names and academic degrees are as follows: Komal L. Jhaveri, M.D., Patrick Neven, M.D., Monica Lis Casalnuovo, 
M.D., Sung‑Bae Kim, M.D., Eriko Tokunaga, M.D., Philippe Aftimos, M.D., Cristina Saura, M.D., Joyce O’Shaughnessy, M.D., Nadia 
Harbeck, M.D., Lisa A. Carey, M.D., Giuseppe Curigliano, M.D., Antonio Llombart‑Cussac, M.D., Elgene Lim, M.D., María de la Luz 
García Tinoco, M.D., Joohyuk Sohn, M.D., André Mattar, M.D., Ph.D., Qingyuan Zhang, M.D., Chiun‑Sheng Huang, M.D., Chih‑Chi-
ang Hung, M.D., Jorge Luis Martinez Rodriguez, M.D., Manuel Ruíz Borrego, M.D., Rikiya Nakamura, M.D., Kamnesh R. Pradhan, 
M.D., Christoph Cramer von Laue, Ph.D., Emily Barrett, M.Sc., Shanshan Cao, Ph.D., Xuejing Aimee Wang, Ph.D., Lillian M. Smyth, 
M.D., and François‑Clément Bidard, M.D.

The authors’ affiliations are as follows: Memorial Sloan Kettering Cancer Center and Weill Cornell Medical College, New York 
(K.L.J.); University Hospitals Leuven, Leuven, Belgium (P.N.); Hospital María Curie, Buenos Aires (M.L.C.); Asan Medical Center, Uni-
versity of Ulsan College of Medicine, Seoul, South Korea (S.-B.K.); National Hospital Organization Kyushu Cancer Center, Fukuoka, 
Japan (E.T.); Institut Jules Bordet, Hôpital Universitaire de Bruxelles, Brussels (P.A.); Vall d’Hebron University Hospital, Vall d’Hebron 
Institute of Oncology, Barcelona (C.S.); Baylor University Medical Center, Texas Oncology, U.S. Oncology, Dallas (J.O.); the Breast 
Center, Department of Obstetrics and Gynecology and Comprehensive Cancer Center Munich, Ludwig Maximilians University Munich 
University Hospital, Munich, Germany (N.H.); the University of North Carolina at Chapel Hill, Chapel Hill (L.A.C.); the University of 
Milan, Milan (G.C.); the European Institute of Oncology, IRCCS, Milan (G.C.); Hospital Arnau de Vilanova, Valencia, Spain (A.L.-C.); 
Garvan Institute of Medical Research and University of New South Wales, Sydney (E.L.); Hospital de Oncología, Centro Médico Nacio-

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by ANDRE MATTAR on December 14, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med﻿﻿  nejm.org﻿ 13

Imlunestr ant with or without Abemaciclib in Breast Cancer

nal Siglo XXI, Mexico City (M.L.G.T.); Yonsei University College of Medicine, Seoul, South Korea (J.S.); the Mastology Department, 
Women’s Health Hospital, São Paulo (A.M.); Harbin Medical University Cancer Hospital, Harbin, China (Q.Z.); National Taiwan Uni-
versity Hospital and National Taiwan University College of Medicine, Taipei (C.-S.H.); the Division of Breast Surgery, Department of 
Surgery, Taichung Veterans General Hospital, Taichung, Taiwan (C.-C.H.); Filios Alta Medicina, Monterrey, Mexico (J.L.M.R.); the 
Medical Oncology Department, Hospital Universitario Virgen del Rocío, Seville, Spain (M.R.B.); the Department of Breast Surgery, 
Chiba Cancer Center Hospital, Chiba, Japan (R.N.); Eli Lilly, Indianapolis (K.R.P., C.C.L., E.B., S.C., X.A.W., L.M.S.); and Institut Curie 
and University of Versailles Saint-Quentin-en-Yvelines–Paris-Saclay University, Paris (F.-C.B.).

References
1.	 Gradishar WJ, Moran MS, Abraham J, 
et al. Breast cancer, version 3.2024, NCCN 
clinical practice guidelines in oncology.  
J Natl Compr Canc Netw 2024;​22:​331-57.
2.	 Patel R, Klein P, Tiersten A, Sparano 
JA. An emerging generation of endocrine 
therapies in breast cancer: a clinical per-
spective. NPJ Breast Cancer 2023;​9:​20.
3.	 Jhaveri K, Marmé F. Current and 
emerging treatment approaches for hor-
mone receptor-positive/human epidermal 
growth factor receptor 2-negative meta-
static breast cancer. Cancer Treat Rev 
2024;​123:​102670.
4.	 Bidard F-C, Kaklamani VG, Neven P, 
et al. Elacestrant (oral selective estrogen 
receptor degrader) versus standard endo-
crine therapy for estrogen receptor–posi-
tive, human epidermal growth factor re-
ceptor 2–negative advanced breast cancer: 
results from the randomized phase III 
EMERALD trial. J Clin Oncol 2022;​40:​
3246-56.
5.	 Keenan JC, Medford AJ, Dai CS, Wan-
der SA, Spring LM, Bardia A. Novel oral 
selective estrogen receptor degraders 
(SERDs) to target hormone receptor positive 
breast cancer: elacestrant as the poster-
child. Expert Rev Anticancer Ther 2024;​24:​
397-405.
6.	 Morrison L, Loibl S, Turner NC. The 
CDK4/6 inhibitor revolution — a game-
changing era for breast cancer treatment. 
Nat Rev Clin Oncol 2024;​21:​89-105.
7.	 Dickler MN, Tolaney SM, Rugo HS, et 
al. MONARCH 1, a phase II study of abe-
maciclib, a CDK4 and CDK6 inhibitor, as 
a single agent, in patients with refractory 
HR+/HER2- metastatic breast cancer. Clin 
Cancer Res 2017;​23:​5218-24.
8.	 Sledge GW Jr, Toi M, Neven P, et al. 
MONARCH 2: abemaciclib in combina-
tion with fulvestrant in women with HR+/
HER2− advanced breast cancer who had 
progressed while receiving endocrine ther-
apy. J Clin Oncol 2017;​35:​2875-84.
9.	 Goetz MP, Toi M, Campone M, et al. 
MONARCH 3: abemaciclib as initial ther-
apy for advanced breast cancer. J Clin Oncol 
2017;​35:​3638-46.
10.	 Kalinsky K, Bianchini G, Hamilton 
EP, et al. Abemaciclib plus fulvestrant vs 
fulvestrant alone for HR+, HER2- advanced 
breast cancer following progression on a 
prior CDK4/6 inhibitor plus endocrine 
therapy: primary outcome of the phase 3 
postMONARCH trial. J Clin Oncol 2024;​42:​
Suppl:​LBA1001. abstract (https://ascopubs​

.org/​doi/​10​.1200/​JCO​.2024​.42​.17​_suppl 
​.LBA1001).
11.	 André F, Ciruelos EM, Juric D, et al. 
Alpelisib plus fulvestrant for PIK3CA-
mutated, hormone receptor-positive, hu-
man epidermal growth factor receptor-
2-negative advanced breast cancer: final 
overall survival results from SOLAR-1. 
Ann Oncol 2021;​32:​208-17.
12.	 Sledge GW Jr, Toi M, Neven P, et al. 
The effect of abemaciclib plus fulvestrant 
on overall survival in hormone receptor-
positive, ERBB2-negative breast cancer 
that progressed on endocrine therapy — 
MONARCH 2: a randomized clinical trial. 
JAMA Oncol 2020;​6:​116-24.
13.	 Turner NC, Oliveira M, Howell SJ, et 
al. Capivasertib in hormone receptor–
positive advanced breast cancer. N Engl J 
Med 2023;​388:​2058-70.
14.	 Robertson JFR, Harrison M. Fulves-
trant: pharmacokinetics and pharmacol-
ogy. Br J Cancer 2004;​90:​Suppl 1:​S7-S10.
15.	 Robertson JFR, Lindemann J, Garnett 
S, et al. A good drug made better: the ful-
vestrant dose-response story. Clin Breast 
Cancer 2014;​14:​381-9.
16.	 van Kruchten M, de Vries EG, Glaude-
mans AW, et al. Measuring residual estro-
gen receptor availability during fulvestrant 
therapy in patients with metastatic breast 
cancer. Cancer Discov 2015;​5:​72-81.
17.	 Cox AC, Fallowfield LJ. After going 
through chemotherapy I can’t see another 
needle. Eur J Oncol Nurs 2007;​11:​43-8.
18.	 Eek D, Krohe M, Mazar I, et al. Pa-
tient-reported preferences for oral versus 
intravenous administration for the treat-
ment of cancer: a review of the literature. 
Patient Prefer Adherence 2016;​10:​1609-21.
19.	 VandeKopple M, Mur C, Shen W, et al. 
Preclinical characterization of imlunes-
trant, an oral brain-penetrant selective 
estrogen receptor degrader with activity 
in a brain metastasis (BM) model. ESMO 
Open 2023;​8:​Suppl:​41P. abstract (https://
www​.esmoopen​.com/​article/​S2059 
​-7029(23)00491​-X/​fulltext).
20.	Bhagwat SV, Zhao B, Shen W, et al. 
Preclinical characterization of LY3484356, 
a novel, potent and orally bioavailable se-
lective estrogen receptor degrader (SERD). 
Cancer Res 2021;​81:​Suppl:​1236. abstract 
(https://aacrjournals​.org/​cancerres/​
article/​81/​13​_Supplement/​1236/​667183/​
Abstract​-1236​-Preclinical​
-characterization​-of).
21.	 Jhaveri KL, Lim E, Jeselsohn R, et al. 

Imlunestrant, an oral selective estrogen 
receptor degrader, as monotherapy and in 
combination with targeted therapy in es-
trogen receptor-positive, human epider-
mal growth factor receptor 2-negative 
advanced breast cancer: phase Ia/1Ib EM-
BER study. J Clin Oncol 2024 September 6 
(Epub ahead of print).
22.	Suehnholz SP, Nissan MH, Zhang H, 
et al. Quantifying the expanding land-
scape of clinical actionability for patients 
with cancer. Cancer Discov 2024;​14:​49-65.
23.	Maurer W, Bretz F. Multiple testing in 
group sequential trials using graphical 
approaches. Stat Biopharm Res 2013;​5:​
311-20 (https://doi​.org/​10​.1080/​19466315​
.2013​.807748).
24.	Grambsch PM, Therneau TM. Propor-
tional hazards tests and diagnostics 
based on weighted residuals. Biometrika 
1994;​81:​515-26.
25.	 Royston P, Parmar MKB. Restricted 
mean survival time: an alternative to the 
hazard ratio for the design and analysis of 
randomized trials with a time-to-event 
outcome. BMC Med Res Methodol 2013;​
13:​152-66.
26.	Uno H, Claggett B, Tian L, et al. Mov-
ing beyond the hazard ratio in quantify-
ing the between-group difference in sur-
vival analysis. J Clin Oncol 2014;​32:​
2380-5.
27.	 Oliveira M, Pominchuk D, Hamilton 
EP, et al. Clinical activity of camizestrant, 
a next-generation SERD, versus fulves-
trant in patients with a detectable ESR1 
mutation: exploratory analysis of the 
SERENA-2 phase 2 trial. J Clin Oncol 
2023;​41:​Suppl:​1066. abstract (https://
ascopubs​.org/​doi/​10​.1200/​JCO​.2023​.41​.16​
_suppl​.1066).
28.	Martín M, Lim E, Chavez-MacGregor 
M, et al. Giredestrant for estrogen recep-
tor-positive, HER2-negative, previously 
treated advanced breast cancer: results 
from the randomized, phase II acelERA 
Breast Cancer Study. J Clin Oncol 2024;​42:​
2149-60.
29.	 Beumer JH, Foldi J. Pharmacology and 
pharmacokinetics of elacestrant. Cancer 
Chemother Pharmacol 2023;​92:​157-63.
30.	 Shah M, Lingam H, Gao X, et al. US 
Food and Drug Administration approval 
summary: elacestrant for estrogen recep-
tor–positive, human epidermal growth 
factor receptor 2–negative, ESR1-mutated 
advanced or metastatic breast cancer. J Clin 
Oncol 2024;​42:​1193-201.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by ANDRE MATTAR on December 14, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

https://ascopubs.org/doi/10.1200/JCO.2024.42.17_suppl.LBA1001
https://ascopubs.org/doi/10.1200/JCO.2024.42.17_suppl.LBA1001
https://ascopubs.org/doi/10.1200/JCO.2024.42.17_suppl.LBA1001
https://www.esmoopen.com/article/S2059-7029(23)00491-X/fulltext
https://www.esmoopen.com/article/S2059-7029(23)00491-X/fulltext
https://www.esmoopen.com/article/S2059-7029(23)00491-X/fulltext
https://aacrjournals.org/cancerres/article/81/13_Supplement/1236/667183/Abstract-1236-Preclinical-characterization-of
https://aacrjournals.org/cancerres/article/81/13_Supplement/1236/667183/Abstract-1236-Preclinical-characterization-of
https://aacrjournals.org/cancerres/article/81/13_Supplement/1236/667183/Abstract-1236-Preclinical-characterization-of
https://aacrjournals.org/cancerres/article/81/13_Supplement/1236/667183/Abstract-1236-Preclinical-characterization-of
https://doi.org/10.1080/19466315.2013.807748
https://doi.org/10.1080/19466315.2013.807748
https://ascopubs.org/doi/10.1200/JCO.2023.41.16_suppl.1066
https://ascopubs.org/doi/10.1200/JCO.2023.41.16_suppl.1066
https://ascopubs.org/doi/10.1200/JCO.2023.41.16_suppl.1066


n engl j med﻿﻿  nejm.org﻿14

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

31.	 Cortés J, Hurvitz SA, O’Shaughnessy 
J, et al. Randomized phase III study of 
amcenestrant plus palbociclib versus le-
trozole plus palbociclib in estrogen recep-
tor-positive, human epidermal growth 
factor receptor 2-negative advanced breast 
cancer: primary results grom AMEERA-5. 
J Clin Oncol 2024;​42:​2680-90.
32.	Kalinsky K, Bianchini G, Hamilton 
EP, et al. Abemaciclib plus fulvestrant vs 
fulvestrant alone for HR+, HER2- advanced 
breast cancer following progression on a 
prior CDK4/6 inhibitor plus endocrine 
therapy: primary outcome of the phase 3 
postMONARCH trial. Presented at the 
2024 ASCO Annual Meeting, Chicago, 
May 31–June 4, 2024.
33.	 Stemline Therapeutics. Orserdu (elac-
estrant): highlights of prescribing infor-
mation. 2023 (https://www​.accessdata 
​.fda​.gov/​drugsatfda​_docs/​label/​2023/​
217639s000lbl​.pdf).
34.	AstraZeneca. Truqap (capivasertib): 
highlights of prescribing information. 
2023 (https://www​.accessdata​.fda​.gov/​
drugsatfda​_docs/​label/​2023/​
218197s000lbl​.pdf).
35.	 Hamilton E, Oliveira M, Turner N, et 

al. A phase I dose escalation and expan-
sion trial of the next-generation oral 
SERD camizestrant in women with ER-
positive, HER2-negative advanced breast 
cancer: SERENA-1 monotherapy results. 
Ann Oncol 2024;​35:​707-17.
36.	Hamilton E, Loibl S, Niikura N, et al. 
A phase III randomised open-label study 
of extended adjuvant therapy with camiz
estrant vs standard endocrine therapy 
(ET) in patients with ER+/HER2− early 
breast cancer (BC) and an intermediate or 
high risk of recurrence (CAMBRIA-1). 
Ann Oncol 2023;​34:​Suppl 2:​S323-S324. 
abstract.
37.	 Loibl S, Park Y, Tolaney S, et al. A 
phase 3, randomized, open-label study of 
upfront camizestrant vs standard endo-
crine therapy as adjuvant treatment for 
ER-positive/HER2-negative early breast 
cancer with intermediate-high or high 
risk of recurrence (CAMBRIA-2). Cancer 
Res 2024;​84:​Suppl:​PO4-27-07. abstract 
(https://aacrjournals​.org/​cancerres/​
article/​84/​9​_Supplement/​PO4​-27​-07/​
744162/​Abstract​-PO4​-27​-07​-A​-Phase​-3​
-randomized​-open​-label).
38.	Bardia A, Schmid P, Harbeck N, et al. 

Lidera breast cancer: a phase III adjuvant 
study of giredestrant (GDC-9545) vs phy-
sician’s choice of endocrine therapy (ET) 
in patients (pts) with estrogen receptor-
positive, HER2-negative early breast can-
cer (ER+/HER2- EBC). Cancer Res 2022;​
82:​Suppl:​OT2-11-09. abstract (https://
aacrjournals​.org/​cancerres/​article/​82/​4​
_Supplement/​OT2​-11​-09/​680315/​Abstract​
-OT2​-11​-09​-Lidera​-breast​-cancer​-A​
-phase).
39.	 Jhaveri K, O’Shaughnessy J, Andre F, 
et al. EMBER-4: a phase 3 adjuvant trial of 
imlunestrant vs standard endocrine ther-
apy (ET) in patients with ER+, HER2- ear-
ly breast cancer (EBC) with an increased 
risk of recurrence who have previously 
received 2 to 5 years of adjuvant ET. Can-
cer Res 2023;​83:​Suppl:​OT1-01-02. ab-
stract (https://aacrjournals​.org/​cancerres/​
article/​83/​5​_Supplement/​OT1​-01​-02/​
717833/​Abstract​-OT1​-01​-02​-EMBER​-4​-A​
-phase​-3​-adjuvant).
40.	Baselga J, Campone M, Piccart M, et 
al. Everolimus in postmenopausal hor-
mone-receptor-positive advanced breast 
cancer. N Engl J Med 2012;​366:​520-9.
Copyright © 2024 Massachusetts Medical Society.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by ANDRE MATTAR on December 14, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217639s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217639s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217639s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/218197s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/218197s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/218197s000lbl.pdf
https://aacrjournals.org/cancerres/article/84/9_Supplement/PO4-27-07/744162/Abstract-PO4-27-07-A-Phase-3-randomized-open-label
https://aacrjournals.org/cancerres/article/84/9_Supplement/PO4-27-07/744162/Abstract-PO4-27-07-A-Phase-3-randomized-open-label
https://aacrjournals.org/cancerres/article/84/9_Supplement/PO4-27-07/744162/Abstract-PO4-27-07-A-Phase-3-randomized-open-label
https://aacrjournals.org/cancerres/article/84/9_Supplement/PO4-27-07/744162/Abstract-PO4-27-07-A-Phase-3-randomized-open-label
https://aacrjournals.org/cancerres/article/82/4_Supplement/OT2-11-09/680315/Abstract-OT2-11-09-Lidera-breast-cancer-A-phase
https://aacrjournals.org/cancerres/article/82/4_Supplement/OT2-11-09/680315/Abstract-OT2-11-09-Lidera-breast-cancer-A-phase
https://aacrjournals.org/cancerres/article/82/4_Supplement/OT2-11-09/680315/Abstract-OT2-11-09-Lidera-breast-cancer-A-phase
https://aacrjournals.org/cancerres/article/82/4_Supplement/OT2-11-09/680315/Abstract-OT2-11-09-Lidera-breast-cancer-A-phase
https://aacrjournals.org/cancerres/article/82/4_Supplement/OT2-11-09/680315/Abstract-OT2-11-09-Lidera-breast-cancer-A-phase
https://aacrjournals.org/cancerres/article/83/5_Supplement/OT1-01-02/717833/Abstract-OT1-01-02-EMBER-4-A-phase-3-adjuvant
https://aacrjournals.org/cancerres/article/83/5_Supplement/OT1-01-02/717833/Abstract-OT1-01-02-EMBER-4-A-phase-3-adjuvant
https://aacrjournals.org/cancerres/article/83/5_Supplement/OT1-01-02/717833/Abstract-OT1-01-02-EMBER-4-A-phase-3-adjuvant
https://aacrjournals.org/cancerres/article/83/5_Supplement/OT1-01-02/717833/Abstract-OT1-01-02-EMBER-4-A-phase-3-adjuvant

