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Abstract

Background Window-of-opportunity (WOO) studies provide insights into the clinical activity of new drugs in breast
cancer.

Methods AMEERA-4 (NCT04191382) was a WOO study undertaken to compare the pharmacodynamic effects

of amcenestrant, a selective estrogen receptor degrader, with those of letrozole in postmenopausal women

with newly diagnosed, operable estrogen receptor—positive, human epidermal growth factor receptor 2—nega-
tive (ER+/HER2—) breast cancer. Women were randomized (1:1:1) to receive amcenestrant 400 mg, amcenestrant
200 mg, or letrozole 2.5 mg once daily for 14 days before breast surgery. The primary endpoint was change in Ki67
between baseline and Day 15 (i.e, day of surgery).

Results Enrollment was stopped early because of slow recruitment, in the context of the COVID-19 pandemic. The
modified intent-to-treat population consisted of 95 study participants with baseline and post-treatment Ki67 values,
whereas the safety population included 104 participants who had received at least one dose of study medication.
Relative change from baseline in Ki67 was —75.9% (95% confidence interval [Cl] —81.9 to —67.9) for amcenestrant

400 mg,—68.2% (—75.7 to —58.4) for amcenestrant 200 mg, and —77.7% (— 83.4 to — 70.0) for letrozole (geomet-

ric least-squares mean [LSM] estimates). Absolute change in ER H-score from baseline (LSM estimate) was —176.7

in the amcenestrant 400 mg arm, —202.9 in the amcenestrant 200 mg arm, and —32.5 in the letrozole arm. There were
no Grade >3 treatment-related adverse events.

Conclusions Both amcenestrant and letrozole demonstrated antiproliferative activity in postmenopausal women
with previously untreated, operable ER+/HER2— breast cancer and had good overall tolerability.

Trial Registration ClinicalTrials.gov, NCT04191382 https://clinicaltrials.gov/ct2/show/NCT04191382. Registered 9
December 2019.
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Background

Among women in the United States (US), breast can-
cer is the most commonly diagnosed malignancy and
the second most common cause of cancer mortality
[1, 2]. In recent decades, the prognosis of breast can-
cer has been transformed by earlier detection, due to
public health initiatives such as national screening pro-
grams, and improvements in disease management. In
the US, age-standardized mortality due to breast cancer
decreased from 22.6 deaths per 100,000 in 1985 to 12.9
deaths per 100,000 in 2017 [3] and continues to decline.

However, breast cancer is heterogeneous. Outcomes
in patients diagnosed with early disease depend on a
number of established prognostic and predictive fac-
tors such as hormone receptor status, human epider-
mal growth factor receptor 2 (HER?2) status, tumor size,
histologic grade, lymph node involvement, age, and
molecular subtype [4]. Approximately 80% of breast
cancer cases are estrogen receptor—positive (ER+) [5],
and most of these are classed as HER2—negative. The
prognosis of ER+/HER2— early breast cancer is favora-
ble [6], with 5-year overall survival rates>90% among
US women [7].

Window-of-opportunity (WOO) studies are non-
therapeutic drug trials in which patients with newly
diagnosed, early-stage breast cancer receive an investi-
gational drug (alone or in combination with other drugs)
for several days or weeks during the ‘window’ between
diagnosis and primary surgery or neoadjuvant therapy [8,
9]. Such studies are often undertaken to investigate the
pharmacodynamic effects of a potential new treatment in
patients with previously untreated breast cancer [8, 9].

Changes in one or more biomarkers during the course
of the study can be used to assess drug activity. The
most commonly used biomarker in WOO studies is
Ki67, which is a marker of cellular proliferation and a
useful (although imperfect) predictor of treatment ben-
efit and long-term survival outcomes [8]. The results of
the POETIC trial established that changes in Ki67 over
14 days predict the effectiveness of novel endocrine ther-
apies for breast cancer [10].

In studies of compounds that modulate ER signal-
ing, it is also common to quantify their effects on ER,
and sometimes also on progesterone receptors (PgRs).
Although WOO studies do not replace trials that have
clinical endpoints, they provide valuable data that may
facilitate drug development and assist in clinical decision
making [8].

Amcenestrant (SAR439859) is a novel, optimized,
oral, selective ER degrader (SERD) that antagonizes and
degrades ERs [11]. Here, we present the results of the
AMEERA-4 trial, a WOO study undertaken to assess
the pharmacodynamic properties of amcenestrant in
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postmenopausal women with ER+/HER2— early breast
cancer.

Methods

Study design and conduct

AMEERA-4 (NCTO04191382) was an international, pro-
spective, open-label, randomized Phase 2 WOO study
conducted at 32 centers in 8 countries (Belgium, France,
Italy, Japan, Russia, Spain, Ukraine, and the USA). The
study consisted of a screening period, randomization, a
14-day treatment period, and a 30-day safety follow-up
period (Additional file 1: Figure S1). The primary objec-
tive of the study was to determine whether amcenestrant,
given at two different doses, had greater antiproliferative
activity than that of letrozole in women with early breast
cancer.

The study was conducted in accordance with the Dec-
laration of Helsinki, the Council for International Organ-
izations of Medical Sciences (CIOMS) International
Ethical Guidelines, applicable International Conference
on Harmonisation Good Clinical Practice Guidelines,
and applicable laws and regulations. All study partici-
pants provided voluntary written informed consent to
participate. No interim analyses were planned; however,
the protocol allowed for the study to be terminated at any
time, and for any reason, by the sponsor or its designee.

Patients

Full details of the inclusion and exclusion criteria are
given in Additional file 1: Table S1. Briefly, the study
enrolled postmenopausal women with newly diagnosed,
ER+/HER2—, localized (stage I, stage II, or operable stage
II; tumor size>10 mm by ultrasound) primary breast
cancer who were eligible for upfront breast surgery, and
who had an Eastern Cooperative Oncology Group per-
formance status (ECOG PS) of 0 or 1. ER positivity was
defined as>1% tumor cell staining by immunohisto-
chemistry (IHC). Patients also had to have a baseline
Ki67 level >15%, as measured by IHC in a diagnostic
biopsy per local assessment.

Treatment

Eligible study participants were randomized 1:1:1 to
receive amcenestrant 400 mg (4x100 mg capsules),
amcenestrant 200 mg (2x 100 mg capsules), or letrozole
2.5 mg (1x2.5 mg tablet), beginning on Day 1 and ending
on Day 14 (Additional file 1: Figure S1). All study medi-
cation was administered orally, once daily. The doses of
amcenestrant studied in AMEERA-4 were selected fol-
lowing a review of preliminary safety, pharmacokinetic,
and pharmacodynamic data from previous studies of
amcenestrant in participants with advanced or metastatic
breast cancer.
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Randomization was achieved using a centralized, inter-
active telephone- and internet-based response system.
Patients were issued a diary on Day 1 and asked to record
the time of study drug administration each day. Compli-
ance was assessed by reviewing participant diaries on
Day 7 and by counting the number of capsules or tablets
returned on Day 14.

Dose modification was not mandated in participants
experiencing a Grade 1 or 2 adverse event (AE), with the
exception of Grade >2 elevations in alanine aminotrans-
ferase (ALT), in the event of which treatment could be
stopped and restarted after recovery to Grade<1 (or
baseline levels).

Endpoints

The primary endpoint was antiproliferative activity,
measured as the change in Ki67 between the baseline and
post-treatment (i.e., Day 15) tumor biopsies. Ki67 stain-
ing and scoring was assessed by IHC using tissue samples
from paired pretreatment (baseline) and post-treatment
biopsies and was performed at a central laboratory to
minimize bias. Ki67 (and receptor H-scores; see follow-
ing) was assessed using digitally scanned slides prepared
from biopsy tissue. Two pathologists, who worked inde-
pendently from each other and were blinded to treat-
ment allocation, provided baseline and post-treatment
scores for each biopsy pair. Then, for each participant,
the means of the two baseline values and the two post-
treatment values were computed and used in subsequent
analyses.

The key secondary endpoints were: (i) the proportion
of participants with a relative decrease in Ki67, between
baseline and Day 15, of>50%; (ii) the absolute change
from baseline in ER H-score; and (iii) safety and toler-
ability, assessed as the incidence and severity of treat-
ment-emergent AEs (TEAEs) and treatment-related AEs
(TRAEs).

H-score is an IHC-derived measure of receptor expres-
sion in a tissue sample. Briefly, the H-score reflects the
percentage of stained cells at each level of staining inten-
sity, which in AMEERA-4 was measured on an interval
scale from 0 (no staining) to 3 (most intensely stained).
The maximum possible H-score was 300 (i.e., if 100% of
cells had an intensity score of 3). The change in H-score
between the baseline and post-treatment biopsies was
considered to reflect the extent of receptor degradation
in biopsy tissue.

TEAEs were defined as AEs that developed, worsened,
or became serious during the 14-day treatment period
or the 30-day safety follow-up period. AEs were coded
according to Medical Dictionary for Regulatory Activities
(MedDRA) version 24.0, and severity was assessed using
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National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE), version 5.0.

Four AEs of special interest (AESI) were prespeci-
fied in the protocol: pregnancy, symptomatic over-
dose, Grade>2 ALT elevation, and photosensitivity.
Exploratory endpoints included change in PgR H-score;
molecular subtype, as assessed using the Prosigna® gene
expression assay (PAMS50; Veracyte, South San Francisco,
CA, USA); and deoxyribonucleic acid (DNA) mutational
profile. In addition, genome-wide transcriptome studies
were performed using ribonucleic acid (RNA) sequenc-
ing technology to measure the relative abundance of
RNA transcripts. These data were used to calculate the
cell cycle score signature [12].

In participants randomized to amcenestrant, blood
samples were drawn for pharmacokinetic analysis imme-
diately before the last dose was taken (on Day 14) and at
3 h post-dose. Mutations of genes related to cancer and/
or response to amcenestrant were analyzed at baseline in
tumor biopsies and cell-free DNA (cfDNA). For tumor
mutational profiling, DNA extracted from formalin-fixed
paraffin-embedded tumor tissue slides underwent whole
exome sequencing. For cfDNA extracted from plasma
samples, the AVENIO ctDNA expanded panel assay
(Roche Diagnostics; Indianapolis, IN, USA) was used to
identify genomic aberrations in 77 genes.

Statistical analysis

The primary endpoint (and secondary pharmacodynamic
endpoints) were analyzed in the modified intent-to-treat
(mITT) population, which included all randomized study
participants who took at least one dose of randomized
study medication and had both baseline and post-treat-
ment (centrally assessed) Ki67 values. Safety and toler-
ability were analyzed in the safety population, which
included all randomized study participants who took at
least one dose of study medication. Pharmacokinetic var-
iables were analyzed in the pharmacokinetic-evaluable
population, which included all participants who received
at least one dose of amcenestrant and had at least one
evaluable post-treatment plasma concentration. As a
result of early termination of trial enrollment, no formal
statistical inferences were conducted; only descriptive
statistics were provided.

Sample size calculations showed that 40 evaluable par-
ticipants (i.e., with both baseline and post-treatment Ki67
values) per treatment arm would be needed to achieve
85% marginal power, assuming a geometric mean of
reduction of 70% for letrozole and 85% for amcenestrant,
and a standard deviation of 1 of the log-fold change at the
overall one-sided type I error rate of 2.5% controlled with
the Hochberg procedure, based on a one-sided ¢ test on
the log-transformed data. Assuming a 5% non-evaluable
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participant rate, the total sample size required was deter-
mined to be 126 participants (42 per arm).

Changes in Ki67 were analyzed using a geometric
least-squares mean (LSM) approach. Geometric LSMs
of the proportional change in Ki67 were based on an
analysis of covariance (ANCOVA) model for the log-
proportional change on treatment, with treatment and
log-transformed Ki67 at baseline as fixed effects, and
converted by antilog transformation. The geometric LSM
of relative reduction (with 95% confidence interval [CI])
was defined as 1 — geometric LSM of the proportional
change.

The proportion of participants with a relative decrease
from baseline in Ki67 >50% was reported using descrip-
tive statistics, and the Clopper-Pearson method was
used to calculate the 95% CI. For absolute change in ER
H-score from baseline, geometric LSMs (with 95% Cls)
were based on an ANCOVA model for the change on
treatment, with treatment and ER H-score at baseline as
fixed effects. Relative change from baseline in ER H-score
was reported using descriptive statistics.

Safety data were summarized descriptively.

Results

Impact of COVID-19

Enrollment began in February 2020 but was slower than
expected because of the COVID-19 pandemic. To mini-
mize delay in the clinical development of amcenestrant,
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an unplanned administrative interim analysis was per-
formed after 63 study participants had been randomized.
This analysis, which included 55 evaluable participants,
provided pharmacodynamic and safety data that were
deemed sufficient to enable the strategic development
decisions for which AMEERA-4 had been designed and
did not change the benefit-risk profile of amcenestrant.
Consequently, the decision was taken to terminate the
trial before it was fully enrolled.

As a result of early termination of the trial, no formal
statistical inferences were conducted; only descriptive
statistics were provided.

Participant disposition

When enrollment was stopped in April 2021, 135
participants had been screened, and 105 had been
randomized: 34 to amcenestrant 400 mg, 36 to amcen-
estrant 200 mg, and 35 to letrozole (Fig. 1). All partici-
pants in the amcenestrant 200 mg and letrozole arms of
the study completed the treatment period. One partici-
pant randomized to receive amcenestrant 400 mg with-
drew consent before receiving their first dose of study
medication. Thus, there were 104 participants in the
safety population. The mITT population included 95 of
the 105 randomized participants. The 10 participants
who were excluded from the mITT population com-
prised 9 participants who had incomplete pre- and/or
post-treatment Ki67 data (amcenestrant 400 mg: n=2;

Screened (N = 135)

Y

4% Screen failure (N = 30)

Randomized (N = 105)

v

Amcenestrant 400 mg
ITT population
(N=34)

Amcenestrant 200 mg
ITT population
(N =236)

Withdrew consent
(N=1)
v 4

A 4

Received treatment;
Safety population
(N=33)

Received treatment;
Safety population
(N =236)

v

Letrozole
ITT population
(N =35)

v
Received treatment;
Safety population
(N =35)

Excluded (N = 2): Missing
pre- and/or post-treatment Ki67
data per central assessment

A 4

A 4

Excluded (N = 1): Missing
pre- and/or post-treatment Ki67
data per central assessment

Excluded (N = 6): Missing
pre- and/or post-treatment Ki67
data per central assessment

A 4

A 4 y

miTT population
(N=31)

mliTT population
(N =35)

A 4

mITT population
(N=29)

Fig. 1 CONSORT diagram. Abbreviations: ITT, intent-to-treat; mITT, modified intent-to-treat
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amcenestrant 200 mg: n=1; letrozole: n=6), and the
participant described previously who withdrew consent
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before receiving any study medication.
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Participant and disease characteristics

The characteristics of the study population were as
expected, and there were no major imbalances between
the treatment arms (Table 1). In the study population as
a whole, median age and body weight were 62.0 years

Table 1 Baseline demographics and disease characteristics per local assessment

Parameter Amcenestrant 400 mg Amcenestrant 200 mg Letrozole
No. of study participants 34 36 35
Age (years) 59.5 (49, 85) 63.5 (49, 86) 64.0 (41, 83)
Age categories (years)
18-64 25(73.5) 19 (52.8) 20(57.1)
65-84 8(23.5) 16 (44.4) 15(42.9)
>85 19 1(2.8) 0(0)
Race
Asian 2(5.9) 3(83) 5(14.3)
Black/African-American 1(2.9) 0(0) 0(0)
White 23 (67.6) 24 (66.7) 25(71.4)
Multiple 0(0) 1(2.8) 1(29)
Missing/not reported 8(23.5) 8(22.2) 4(11.4)
Bodyweight (kg)? 72,0 (45,111) 76.1(51,110) 694 (48,118)
ECOG PS?
0 29(87.9) 31(86.1) 32(914)
1 4(12.) 5(13.9) 3(8.6)
Time from diagnosis to randomization 33(0,8) 4.0(1,15) 39(1,8)
(weeks)
Histology
Ductal adenocarcinoma 25 (73.5) 27 (75.0) 24 (68.6)
Lobular carcinoma 2 (5.9) 3(8.3) 2(5.7)
Other carcinoma 6(17.6) 4(11.0) 6(17.1)
Other 1(2.9) 2(5.6) 3(8.6)
Stage
\ 11(324) 13(36.1) 14 (40.0)
Il 22 (64.7) 22 (61.1) 20 (57.1)
A 1(29) 1(2.8) 1(29)
PgR status
Positive 28 (82.4) 34 (94.4) 32(914)
Negative 6(17.6) 2 (5.6) 3(8.6)
Ki67 (%) 20.0 (15, 80) 25.0 (15, 80) 25.0 (15, 80)
Kie7
>15% to < 20% 9(26.5) 6(16.7) 10 (28.6)
>20% 25(73.5) 30(83.3) 25 (71.4)
Tumor size (mm) 22.0(10,52) 20.5(10,47) 21.0 (10, 63)
Tumor size (mm)P
>10t0<20 14 (41.2) 15 (41.7) 13(37.1)
>20 20(58.8) 21(583) 22 (62.9)

Continuous variables (e.g., age) are presented as median (minimum, maximum) values. Categorical variables are presented as number of study participants

(percentage)

2 Data missing for one study participant in the amcenestrant 400 mg arm

b Greatest dimension

ECOG, Eastern Cooperative Oncology Group; PgR, progesterone receptor; PS, performance status
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and 71.7 kg, respectively. Most participants were white,
and all but three (one in each study arm) had stage I or II
breast cancer. In accordance with the inclusion criteria,
all participants had luminal B disease (defined as ER+,
PgR+, and Ki67>15%) by local assessment; 94 (89.5%)
had PgR+ tumors.

The representativeness of the study population can be
evaluated with reference to the information summarized
in Additional file 1: Table S2.

Disease characteristics per central assessment are
shown in Additional file 1: Table S3. Eleven percent
(11/100) of participants across treatment groups had
Ki67<15% (i.e., were classed as having luminal A dis-
ease), with less prevalence in the amcenestrant 200 mg
group (2/36 participants; 5.6%) than in the amcenestrant
400 mg group (4/32 participants; 12.5%) or letrozole
group (5/32 participants; 15.6%). The proportion of par-
ticipants with Ki67 >20% was higher in the amcenestrant
400 mg group (26/32 participants; 81.3%) than in the
amcenestrant 200 mg group (26/36 participants; 72.2%)
or letrozole group (22/32 participants; 68.8%).

Median ER and PgR H-scores at baseline, per central
review, were 300.0 and 120.0, respectively, in the amcen-
estrant 400 mg arm; 295.0 and 110.0, respectively, in the
amcenestrant 200 mg arm; and 299.0 and 172.5, respec-
tively, in the letrozole arm (Additional file 1: Table S3).

Outcomes

In the safety population (n=104), the median relative
dose intensity (defined as [actual dose intensity/planned
dose intensity] X 100, where planned dose intensity [mg/
day] =planned dose at Day 1) was 100% in all three treat-
ment arms. Only one episode of dose modification was
reported; this was due to participant error and occurred
in the 200 mg arm. Three participants (one in the 200 mg
arm and two in the 400 mg arm) had a total of four epi-
sodes of dose omission (one episode due to COVID-19,
two because the participant forgot, and one unexplained).
All participants underwent surgery for breast cancer as
planned, between one and three days after the last dose
of study medication. Ninety-two participants (88.5%)
underwent surgery the day after their final dose.

Pharmacodynamics and pharmacokinetics

Decreases in Ki67 expression were observed in most par-
ticipants in all treatment groups (Fig. 2). Geometric mean
Ki67 values at baseline and Day 15, and relative change
from baseline, are summarized in Table 2. The geometric
LSM estimates for relative change from baseline in Ki67
were —75.9% (95% CI —81.9 to —67.9) for amcenestrant
400 mg,—68.2% (95% CI —75.7 to —58.4) for amcen-
estrant 200 mg, and —77.7% (95% CI —83.4 to —70.0)
for letrozole. The geometric LSM ratio of proportional
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change versus letrozole was 1.08 (95% CI 0.72-1.63) for
amcenestrant 400 mg and 1.42 (95% CI 0.95-2.12) for
amcenestrant 200 mg (ratios<1 favor amcenestrant).
The proportion of participants with a>50% reduction in
Ki67 versus baseline was 74.2% (95% CI 55.4—88.1) in the
amcenestrant 400 mg arm, 68.6% (95% CI 50.7-83.1) in
the amcenestrant 200 mg arm, and 89.7% (95% CI 72.6—
97.8) in the letrozole arm. Twelve participants (5 in the
amcenestrant 400 mg arm, 3 in the amcenestrant 200 mg
arm, and 4 in the letrozole arm) had complete cell cycle
arrest (CCCA), defined as post-treatment Ki67 <2.7%.

Individual changes in ER H-score are shown in Fig. 3.
The LSM estimate (95% CI) of the absolute change in ER
H-score from baseline, based on central assessment, was
—176.7 (—201.4 to —152.0) in the amcenestrant 400 mg
arm and —202.9 (—226.1 to —179.7) in the amcenestrant
200 mg arm (Table 2). One participant in the amcen-
estrant 400 mg arm had a high percentage change in
ER H-score (+215.8%) that impacted the overall result
for the group. The median relative reduction in the ER
H-score was 65.3% in the amcenestrant 400 mg arm and
68.3% in the amcenestrant 200 mg arm. In contrast, and
as predicted by its mechanism of action, letrozole was
associated with modest reductions in ER H-score from
baseline to Day 15 (mean absolute change, —32.5; median
relative change, —9.5%).

PgR H-scores also decreased from baseline to Day 15 in
all treatment groups (Table 2 and Additional file 1: Figure
S2). The LSM (95% CI) of absolute change from baseline
was —58.2 (—78.4 to —38.1) in the amcenestrant 400 mg
arm, — 68.3 (— 87.4 to —49.2) in the amcenestrant 200 mg
arm, and —88.4 (—110.1 to —66.6) in the letrozole arm.
The median relative changes from baseline were —70.0%,
—74.4% and —75.3%, respectively.

Amcenestrant plasma concentrations were measured
in 30 participants in the amcenestrant 400 mg arm and
27 participants in the amcenestrant 200 mg arm. On Day
14, geometric mean plasma concentrations were 258 ng/
mL at pre-dose, rising to 2228 ng/mL at 3 h post-dose in
the 200 mg group, and 452 ng/mL at predose, rising to
3399 ng/mL in the 400 mg group. These concentrations
showed an increase of systemic exposure between the
200 mg and 400 mg doses (Additional file 1: Table S4).

Safety

Sixteen participants (48.5%) in the amcenestrant 400 mg
arm, 16 participants (44.4%) in the amcenestrant 200 mg
arm, and 18 participants (51.4%) in the letrozole arm
experienced at least one TEAE of any grade during the
treatment and post-treatment periods (Table 3). Almost
all TEAEs were of Grade 1 or 2 severity. Two partici-
pants, both of whom were in the amcenestrant 200 mg
arm, experienced a TEAE of Grade 3 or higher (one case
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Fig. 2 Absolute change in Ki67 from baseline to Day 15 per central review, by baseline Ki67 (mITT population). Each colored line sloping from left
to right represents an individual study participant. Reading from top to bottom, the box-and-whisker plots indicate: the highest observation
within the range of Q3 and Q3+ 1.5x(Q3-Q1); Q3; the median value; Q1; and the lowest observation within the range of Q1 and Q1-1.5x(Q3-Q1).

Abbreviations: mITT, modified intent-to-treat; Q, quartile

of pneumonia and one of wound infection). These AEs
required hospitalization and were therefore considered
serious but were not considered to be treatment related.
No participants discontinued treatment due to a TEAE,
and there were no deaths either during the treatment or
follow-up periods.

Seven participants (21.2%) in the amcenestrant 400 mg
arm, 8 participants (22.2%) in the amcenestrant 200 mg
arm, and 9 participants (25.7%) in the letrozole arm expe-
rienced at least one TRAE of any grade during the treat-
ment and follow-up periods (Table 3). There were no
serious TRAEs in any arm, nor any TRAEs of Grade >3
severity. The most commonly reported TRAEs (i.e.,
reported in > 5% of participants in at least one study arm)
were hot flush, headache, feeling cold, arthralgia, asthe-
nia, and diarrhea. Hot flush, arthralgia, and diarrhea were
reported by more participants in the letrozole arm than
in either of the amcenestrant arms. TRAEs reported in
a single participant in>1 treatment arm were abdominal
distension, alopecia, constipation, decreased appetite,

dry skin, dyspepsia, fatigue, increased ALT, insomnia,
lower abdominal pain, musculoskeletal pain, musculo-
skeletal stiffness, myalgia, nausea, night sweats, pain in
extremity, pollakiuria, and upper abdominal pain.

Three participants each had a single pre-specified
AESI, all of which were non-serious Grade 2 increases
in ALT. All three participants had received amcen-
estrant: one had received 400 mg, and the other two had
received 200 mg. However, only the case at 400 mg was
considered to be related to study drug. All cases resolved
without sequelae and did not necessitate treatment inter-
ruption or dose modification. No bradycardia (pulse
rate <50 beats/min) or eye disorders, other than a single
case of dry eye that was unrelated to study treatment,
were reported in any study group.

Genomics and transcriptomics

Cell cycle score signatures decreased in all three treat-
ment groups (Additional file 1: Table S5 and Figure S3).
The median change from baseline was —0.83 in the



Campone et al. Breast Cancer Research (2023) 25:141

Table 2 Pharmacodynamic results (mITT population, n=95)
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Parameter Amcenestrant 400 mg Amcenestrant 200 mg Letrozole
(n=31) (n=35) (n=29)
Ki67 (%)
Baseline® 29.7 286 294
Day 15° 7.1 9.1 6.6

Relative change (95% CI)®

Patients with > 50% reduction in Ki67
from baseline, % (95% Cl)

Patients with post-treatment Ki67 < 2.7%,

-759(-819t0—-67.9)
742 (55410 88.1)

16.1 (5.5t033.7)

% (95% CI)°

ER H-score
Baseline 286.6 (38.1)
Day 15¢ 103.7 (80.2)

Absolute change (95% Cl)¢
Relative change (%)'

—176.7 (=2014t0 —152.0)
—65.3 (=100, 216)

PgR H-score
Baseline 1094 (90.1)
Day 15¢ 56.6 (70.7)

Absolute change (95% Cl)¢
Relative change 96)f

—582(-784t0-38.1)
—70.0 (=100, 5233)

—682 (=757 1t0—584)
68.6 (50.7 10 83.1)

—77.7 (-8341t0—-70.0)
89.7 (72.6 10 97.8)

8.6 (1.8t023.1) 138 (3910 31.7)

276.8 (37.9) 289.5(15.1)

84.8 (67.0) 248.8 (54.3)
—2029(-226.1t0 —179.7) —325(=572t0—-77)
-683 (=100, 3) -9.5(=81,15)
121.6(93.5) 138.1(102.2)

55.1(634) 38.7(51.1)

—68.3 (—8741t0-49.2) —884(=110.1 to —66.6)
—744 (=100, 3) —753(=100,13)

@ Geometric mean

b Geometric least-squares mean (LSM), based on an analysis of covariance (ANCOVA) model for the log proportional change, with treatment and log-Ki67

pre @s fixed

effects and converted by antilog transformation. The geometric LSM of Ki67 reduction is defined as 1 — geometric LSM of the proportional change

€ Indicating complete cell cycle arrest

9 Mean (standard deviation)

€ LSM of absolute change from baseline, based on an ANCOVA model with treatment and baseline as fixed effects. The baseline values of all participants with a change

from baseline were used to calculate the LSM

fMedian (minimum, maximum)

ANCOVA, analysis of covariance;Cl, confidence interval; ER, estrogen receptor; LSM, least-squares mean; m/TT, modified intent-to-treat; PgR, progesterone receptor

amcenestrant 400 mg arm, —0.56 in the amcenestrant
200 mg arm, and —0.84 in the letrozole arm. Changes
in molecular subtype from baseline to Day 15, assessed
using the Prosigna® gene expression assay (PAM50), are
summarized in Additional file 1: Figure S4. In all three
groups, randomized treatment was associated with an
increase in the number of participants with luminal A
disease and a simultaneous decrease in the number with
luminal B disease.

Mutational profiling of tumor DNA was performed at
baseline in 75 participants (26 participants in the amce-
nestrant 400 mg arm, 28 participants in the amcen-
estrant 200 mg arm, and 21 participants in the letrozole
arm [Additional file 1: Figure S5]). The most commonly
mutated genes at baseline were PIK3CA (36.0%), TP53
(22.7%), and GATA3 (17.3%). Mutant BRCAI and BRCA2
were each identified in 4 participants (5%), including one
participant who had mutations in both genes. Data on
baseline mutations in cfDNA were available for 92 partic-
ipants, 26 of whom had wild-type DNA and 66 of whom
had mutations (24 participants in the amcenestrant
400 mg arm, 23 participants in the amcenestrant 200 mg

arm, and 19 participants in the letrozole arm [Additional
file 1: Figure S6]). The most common mutations were in
the TP53 and GNAS genes (22.7% and 9.1% of partici-
pants, respectively).

Discussion

The findings of AMEERA-4 indicate that both amcen-
estrant and letrozole have antiproliferative activity in par-
ticipants with previously untreated ER+/HER2— breast
tumors and high baseline Ki67 scores. Most participants
had at least a 50% reduction in Ki67 after 14 days’ treat-
ment. The reduction in Ki67 was numerically greater
with letrozole compared with that in either of the amcen-
estrant treatment groups. As predicted by its mechanism
of action, amcenestrant produced marked reductions
in ER H-scores, whereas letrozole was associated with
only minor reductions. PgR H-scores were also reduced,
which was expected from the relationship between ER
signaling and PgR expression, and consistent with pre-
vious findings [13]. Amcenestrant was well tolerated,
with only 24 participants experiencing a TRAE of any
grade. The most common TRAEs in the amcenestrant
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Fig. 3 Absolute change in ER H-score from baseline to Day 15 per central review (mITT population). Each colored line sloping from left

to right represents an individual study participant. Reading from top to bottom, the box-and-whisker plots indicate: the highest observation

within the range of Q3 and Q3+ 1.5 % (Q3-Q1); Q3; the median value; Q1; and the lowest observation within the range of Q1 and Q1-1.5x(Q3-Q1).
Abbreviations: ER, estrogen receptor; mITT, modified intent-to-treat; Q, quartile

arms were hot flush, headache, feeling cold, and asthe-
nia, which were experienced by <10% of participants and
always mild or moderate in intensity. Overall, the results
show that amcenestrant had favorable effects on tumor
biology at clinically viable doses.

There are several oral SERDs currently in clinical devel-
opment for ER+/HER2— breast cancer, of which elaces-
trant (RAD1901), camizestrant (AZD9833), giredestrant
(GDC-9545), and imlunestrant (LY3484356) are now in
Phase 3 trials. Interim results from the first 46 patients
in a WOO study of giredestrant (10 mg, 30 mg [the
dose being studied in Phase 3 clinical trials], or 100 mg
once daily for 14 days) administered to postmenopausal
women with newly diagnosed ER+/HER2—breast can-
cer showed that, overall, giredestrant reduced tumor
Ki67 expression by 79% [14], with no relationship
between dose and effect size. ER activity was reduced
in 98% of patients who had paired biopsy data (n=42),
with a mean proportional decrease of 79%. Mean pro-
portional reductions in ER and PgR H-scores were 71%
and 60%, respectively. In addition, the randomized coop-
ERA breast cancer trial (NCT04436744) included a
2-week WOO phase that compared giredestrant 30 mg
with anastrozole 1 mg in postmenopausal women with

ER+/HER2— breast cancer [15]. In the primary analy-
sis including 221 patients, the geometric mean relative
reduction in Ki67 was greater with giredestrant versus
anastrozole (—75% vs.—67%; p=0.0433); findings were
consistent regardless of baseline Ki67 (>20% or<20%).
CCCA was observed in 20% of tumors treated with gire-
destrant versus 13% with anastrozole.

Differences in study design and population may explain
why giredestrant had a greater antiproliferative effect
than anastrozole in coopERA, whereas the effects of
amcenestrant and letrozole appeared comparable in
AMEERA-4. The choice of comparator (anastrozole in
coopERA; letrozole in AMEERA-4) may be relevant, but
a previous WOO study in patients with ER+invasive
breast cancer found that anastrozole 1 mg and letrozole
2.5 mg (both once daily) were similarly effective in sup-
pressing Ki67 after 14 days [16]. Of note, Ki67 levels were
not part of the eligibility criteria, and baseline Ki67 was
low in both groups (anastrozole: 5.8%; letrozole: 6.4%).
Additionally,, anastrozole and letrozole appear to have
comparable clinical efficacy in the neoadjuvant and adju-
vant settings [10, 17, 18] and have been found to reduce
Ki67 to a similar extent over 16—18 weeks in the Z1031
neoadjuvant study [18]. Thus, the difference in findings
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Table 3 TEAEs and TRAEs reported in > 5% of study participants in one or more study arms

Preferred term, n (%) Amcenestrant 400 mg Amcenestrant 200 mg Letrozole

(n=33) (n=36) (n=35)
All Grade>3 All Grade>3 All Grade>3

TEAEs
Any TEAE 16 (48.5) 0 16 (44.4) 2 (5.6)° 18(514) 0
Hot flush 4(12.7) 0 1(2.8) 0 5(14.3) 0
Insomnia 4(12.1) 0 1(2.8) 0 0 0
Headache 3(9.1) 0 0 0 2(5.7) 0
Arthralgia 2 (6.1) 0 0 0 3(8.6) 0
Asthenia 2(6.7) 0 2(5.6) 0 0 0
Decreased appetite 2(6.1) 0 1(2.8) 0 0 0
Fatigue 2(6.1) 0 12 0 1(29) 0
Feeling cold 2(6.1) 0 0 0 0 0
Procedural pain 2(6.1) 0 12 0 2(5.7) 0
ALT increased 1(3.0 0 2(5 0 0 0
Anxiety 1(3.0) 0 2(5 0 0 0
Breast pain 1(3.0) 0 0 0 3(8.6) 0
Constipation 13.0) 0 2 (5.6) 0 1(2.9) 0
Diarrhea 0 0 3(8.3) 0 3(8.6) 0

TRAEs
Any TRAE 7(21.2) 0 8(22.2) 0 9(25.7) 0
Hot flush 2(6.1) 0 1(28) 0 5(14.3) 0
Headache 2(6.1) 0 0(0) 0 1(2.9) 0
Feeling cold 2(6.1) 0 0(0) 0 0(0) 0
Arthralgia 1(3.0) 0 0(0) 0 3(8.6) 0
Asthenia 1(3.0) 0 2(5.6) 0 0(0) 0
Diarrhea 0(0) 0 1(2.8) 0 2(5.7) 0

2 Pneumonia (n=1) and wound infection (n=1)

ALT, alanine aminotransferase; TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse event

between coopERA and AMEERA-4 may not be explained
solely by the choice of aromatase inhibitor.

An alternative explanation is that baseline median
Ki67 scores were higher in coopERA than in AMEERA-4
despite a lower inclusion threshold (>5% in coopERA,
vs.>15% in AMEERA-4). Baseline median Ki67 in coop-
ERA was 32.6% among giredestrant recipients and 39.6%
among anastrozole recipients [15], while median Ki67
in AMEERA-4 was 25.0% or lower in each of the three
study arms. The studies also had different entry require-
ments with respect to tumor stage and size. Whereas
coopERA included patients with either operable or inop-
erable (stage IIIB or IIIC) breast cancer [19], only those
amenable to surgery were included in AMEERA-4. The
median baseline tumor size in AMEERA-4 was 21.0 mm
(maximum 63 mm). Although the data have not yet been
reported, the median tumor size is likely to be larger in
coopERA because the inclusion threshold was>1.5 cm,
and patients with T4 tumors could be enrolled [15]. Thus,
key differences exist between AMEERA-4 and coopERA,

and caution is needed when comparing results from
these studies.

WOO studies of camizestrant and elacestrant are
ongoing, with no results released to date. SERENA-3
(NCT04588298) is investigating the effects of 5-7 days’
treatment with 3 different doses of camizestrant on ER
H-scores and Ki67 in 132 women with ER+/HER2—
primary breast cancer [20, 21]. In the ELIPSE trial of
elacestrant (400 mg once daily), the primary endpoint is
CCCA, and secondary endpoints include tumor subtype
and Ki67 [22].

Although WOO studies do not have therapeutic intent,
the potential clinical utility of Ki67 response to neoad-
juvant endocrine therapy (fulvestrant, anastrozole, or
both in combination) in patients with ER+breast can-
cer is being investigated in the ALTERNATE (Alliance
A011106; NCT01953588) trial [23-25]. In this study,
endocrine-resistant tumors are identified early on via
Ki67 measurement after 4 and (optionally) 12 weeks
of treatment; patients with Ki67>10% are switched to
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neoadjuvant chemotherapy, and efficacy is measured as
pathological complete response to treatment [24]. Evi-
dence to date indicates that patients with Ki67 >10%
are unlikely to achieve a pathologic complete response
following a switch to neoadjuvant chemotherapy, with
more effective treatment strategies needed for these
patients [23]. The ALTERNATE trial is also investigating
the relationship between recurrence-free survival (RFS)
and modified Preoperative Endocrine Prognostic Index
(mPEPI) score at surgery (0 vs.>0), of which CCCA
(Ki67 <2.7%) is a component. Although RFS data are not
yet available, fulvestrant (alone or in combination with
anastrozole) was not found to be better than anastrozole
in terms of the proportion of patients with an mPEPI
score of zero at the time of surgery [25].

Our study has several limitations, not least of which
is the early termination of the trial and the resulting
absence of formal inferential statistical analyses. WOO
studies are primarily intended to provide information
about the pharmacologic effects of new treatments, and
as such no definitive conclusions can be drawn about
the clinical efficacy or safety of amcenestrant. Addition-
ally, we studied amcenestrant in postmenopausal women
with luminal B-type cancer; thus, the results should not
be generalized to premenopausal women or those with
other disease subtypes. Lastly, the clinical development
of amcenestrant has been discontinued, limiting the
applicability of the results. However, the study design
also has strengths. Although it was an open-label trial,
potential bias was reduced by using centralized randomi-
zation and masking the histopathologists who assessed
the primary endpoint (Ki67) to treatment allocation. The
prospective, controlled trial design provides reassurance
that the effects on tumor biology were real rather than
chance occurrences. Moreover, the multinational, multi-
center design of the study reduced potential bias associ-
ated with center-specific factors.

Conclusions

In conclusion, amcenestrant demonstrated pharmacody-
namic activity in women with ER+/HER2— breast cancer,
with marked reductions in Ki67 and hormone receptor
H-scores. Changes in ER H-score confirm that amcen-
estrant demonstrates potent ER target engagement and
degradation. Additionally, amcenestrant had a favorable
safety profile at both dose levels.

However, we did not observe any advantage of amce-
nestrant over letrozole, a finding consistent with interim
data from the Phase 3 AMEERA-5 trial (amcenestrant
versus letrozole, both in combination with palbociclib,
as first-line treatment for advanced or metastatic ER+/
HER2— breast cancer) [26]. Because of these and other
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findings, the development of amcenestrant as a treatment
for breast cancer has been discontinued.

Abbreviations

ECOG PS Eastern Cooperative Oncology Group performance status

AE Adverse event

AESI Adverse event of special interest

ALT Alanine aminotransferase

ANCOVA Analysis of covariance

ASCO American Society of Clinical Oncology

CCCA Complete cell cycle arrest

cfDNA Cell-free DNA

cl Confidence interval

CIOMS Council for International Organizations of Medical Sciences

DNA Deoxyribonucleic acid

ER Estrogen receptor

HER2 Human epidermal growth factor receptor 2

IHC Immunohistochemistry

LSM Least-squares mean

MedDRA Medical Dictionary for Regulatory Activities

mITT Modified intent-to-treat

mPEPI Preoperative Endocrine Prognostic Index

NCI-CTCAE  National Cancer Institute Common Terminology Criteria for
Adverse Events

PgR Progesterone receptor

RFS Recurrence-free survival

RNA Ribonucleic acid

SERD Selective estrogen receptor degrader

TEAE Treatment-emergent adverse event

TRAE Treatment-related adverse event

us United States
WOO Window-of-opportunity

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513058-023-01740-2.

Additional file 1: Campone_AMEERA-4 manuscript_Appendix.docx (sup-
plementary tables and figures)

Acknowledgements

Richard Crampton of inScience Communications, Springer Healthcare,
provided medical writing support, which was funded by Sanofi. The authors
also thank Sylvaine Cartot-Cotton for her input into the pharmacokinetic
aspects of the manuscript, Nils Ternés and Dimitri Carene for their contribu-
tions on biomarker statistical analysis, Eric Boitier for genomics work oversight,
and Anne-Laure Bauchet for immunohistochemistry assay development and
pathology oversight (all of Sanofi, Paris, France).

Author contributions

MC: conceptualization and design, investigation, data acquisition, data inter-
pretation, writing—review and editing; F-CB: investigation, data acquisition,
data interpretation, writing—review and editing; PN: investigation, data acqui-
sition, data interpretation, writing—review and editing; LW: data acquisition,
formal analysis, data interpretation, writing—review and editing; BL: design,
data interpretation, writing—reviewing and editing; Y.D.: formal analysis,
visualization, data interpretation, writing—review and editing; GP: conceptual-
ization and design, methodology, data acquisition, formal analysis, visualiza-
tion, data interpretation, writing—review and editing; CH: conceptualization
and design, data acquisition, data interpretation, writing—review and editing;
UDG: conceptualization and design, investigation, data acquisition, data
interpretation, writing—review and editing. All authors read and approved the
final manuscript.


https://doi.org/10.1186/s13058-023-01740-2
https://doi.org/10.1186/s13058-023-01740-2

Campone et al. Breast Cancer Research (2023) 25:141

Funding
The AMEERA-4 study was supported by Sanofi.

Availability of data and materials

Qualified researchers may request access to patient-level data and related
study documents including the clinical study report, study protocol with any
amendments, blank case report form, statistical analysis plan, and dataset
specifications. Patient-level data will be anonymized, and study documents
will be redacted to protect the privacy of our trial participants. Further details
on Sanofi’s data sharing criteria, eligible studies, and process for requesting
access can be found at https://www.vivli.org/.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki, the
Council for International Organizations of Medical Sciences (CIOMS) Interna-
tional Ethical Guidelines, applicable International Conference on Harmonisa-
tion Good Clinical Practice Guidelines, and applicable laws and regulations. All
study participants provided voluntary written informed consent to participate.

Consent for publication
Not applicable.

Competing interests

MC has received honoraria from GT1, Eli Lilly, and Novartis; has been a consult-
ant for AbbVie, Accord Healthcare, Amgen, AstraZeneca/Medimmune, Daiichi
Sankyo Europe GmbH, Gilead, GSK, Lilly, Menarini, MSD, Novartis, Pfizer, Pierre
Fabre, Sandoz-Novartis, Sanofi, Seagen, Seattle Genetics, and Servier; has been
part of a speakers bureau for Amgen, Lilly, and Novartis; has received research
grant/funding (institution) from Novartis; has received travel/accommoda-
tion/expense funds from AstraZeneca, Novartis, and Pfizer; and reports other
relationships with Roche. F-CB has received payment or honoraria for lectures,
presentations, or speakers bureaus from AstraZeneca, General Electric Health,
Lilly, Menarini, Pfizer, Roche, and Sanofi; has participated on a data safety mon-
itoring board or advisory board for AstraZeneca, General Electric Health, Lilly,
Menarini, Pfizer, and Roche. PN reports nothing to disclose. UDG has received
consulting fees from Astellas, AstraZeneca, Bayer, BMS, Ipsen, Janssen, Merck,
MSD, Novartis, PharmaMar, Pfizer, and Roche. BL, GP, LW, and YD are employees
of Sanofi and may hold shares and/or stock options in the company. CH was
an employee of Sanofi at the time this study was conducted.

Author details

'Institut de Cancérologie de I'Ouest, René Gauducheau, Boulevard Jacques
Monod, 44805 Saint-Herblain, France. ?Institut Curie, Paris and Saint-Cloud,
France. *Versailles Saint Quentin, Saint-Cloud, France. *Paris-Saclay University,
Saint-Cloud, France. °Department of Gynaecological Oncology, Multidiscipli-
nary Breast Center, University Hospitals Louvain, Campus Gasthuisberg, Leu-
ven, Belgium. ®Sanofi, Cambridge, MA, USA. ”Sanofi, Shanghai, China. ®Sanofi,
Beijing, China. “Department of Medical Oncology, IRCCS Istituto Romagnolo
per lo Studio dei Tumori (IRST) “Dino Amadori’, Meldola, Italy. '°Present
Address: Takeda, Cambridge, MA, USA.

Received: 4 April 2023 Accepted: 6 November 2023
Published online: 10 November 2023

References

1. National Cancer Institute. SEER*Explorer. SEER 5-year age-adjusted
incidence rates, 2015-2019. https.//seer.cancer.gov/statistics-network/
explorer/. Accessed 1 October 2022.

2. National Cancer Institute. SEER*Explorer. US 5-year age-adjusted mor-
tality rates, 2016-2020. https://seer.cancer.gov/statistics-network/explo
rer/. Accessed 1 October 2022.

3. World Health Organization. International Agency for Research on
Cancer. Age-standardized rate (World) per 100 000, mortality, females.
Breast. USA. https://gco.iarc.fr/overtime/en/dataviz/trends?multiple_

Page 12 of 13

populations=1&types=18&sexes=2&cancers=14&populations=84000&
years=1980_2018. Accessed 1 June 2022.

Arciero CA, Styblo TM. Clinically established prognostic factors in breast
cancer. In: Bland KI, Copeland EM I, Klimberg VS, Gradishar WJ, editors.
The Breast (Fifth Edition): Elsevier; 2018. p. 250-7.e3.

Kohler BA, Sherman RL, Howlader N, Jemal A, Ryerson AB, Henry KA, et al.
Annual report to the nation on the status of cancer, 1975-2011, featuring
incidence of breast cancer subtypes by race/ethnicity, poverty, and state.
J Natl Cancer Inst. 2015;107(6):djv048.

Yersal O, Barutca S. Biological subtypes of breast cancer: prognostic and
therapeutic implications. World J Clin Oncol. 2014;5(3):412-24.

National Cancer Institute. SEER*Explorer. HR+/HER2- breast cancer
(female only). SEER 5-year relative survival rates, 2012-2018. https://seer.
cancer.gov/statistics-network/explorer/application.html. Accessed 1 July
2022.

Schmitz S, Duhoux F, Machiels J-P. Window of opportunity studies: do
they fulfil our expectations? Cancer Treat Rev. 2016;43:50-7.

Arnedos M, Roulleaux Dugage M, Perez-Garcia J, Cortes J. Window of
opportunity trials for biomarker discovery in breast cancer. Curr Opin
Oncol. 2019;31(6):486-92.

Smith |, Robertson J, Kiloburn L, Wilcox M, Evans A, Holcombe C, et al.
Long-term outcome and prognostic value of Ki67 after perioperative
endocrine therapy in postmenopausal women with hormone-sensitive
early breast cancer (POETIC): an open-label, multicentre, parallel-group,
randomised, phase 3 trial. Lancet Oncol. 2020;21(11):1443-54.

. Shomali M, Cheng J, Sun F, Koundinya M, Guo Z, Hebert AT, et al.

SAR439859, a novel selective estrogen receptor degrader (SERD), dem-
onstrates effective and broad antitumor activity in wild-type and mutant
ER-positive breast cancer models. Mol Cancer Ther. 2021,20(2):250-62.
Liu J, Campen A, Huang S, Peng S-B, Ye X, Palakal M, et al. Identification of
a gene signature in cell cycle pathway for breast cancer prognosis using
gene expression profiling data. BMC Med Genomics. 2008;1:39.
Robertson JFR, Evans A, Henschen S, Kirwan CC, Jahan A, Kenny LM,

et al. A randomized, open-label, presurgical, window-of-opportunity
study comparing the pharmacodynamic effects of the novel oral SERD
AZD9496 with fulvestrant in patients with newly diagnosed ER(+) HER2(-)
primary breast cancer. Clin Cancer Res. 2020;26(16):4242-9.

Moore HM, Boni V, Bellet M, Bermejo De Las Heras B, Gién Cortés M, Oak-
man C, et al. Evaluation of pharmacodynamic (PD) and biologic activity
in a preoperative window-of-opportunity (WOO) study of giredestrant
(GDC-9545) in postmenopausal patients (pts) with estrogen receptor-
positive, HER2-negative (ER+/HER2-) operable breast cancer (BC). J Clin
Oncol. 2021;39(15 suppl):Abstract 577.

Hurvitz SA, Quiroga V, Park YH, Bardia A, Lopez-Valverde V, Steinseifer J,

et al. Neoadjuvant giredestrant (GDC-9545) + palbociclib versus anastro-
zole + palbociclib in postmenopausal women with estrogen receptor-
positive, HER2-negative, untreated early breast cancer: primary analysis
of the randomized, open-label, phase Il coopERA breast cancer study.
Cancer Res. 2022;82(4 Suppl):Abstract PD13-06.

Murray J, Young OE, Renshaw L, White S, Williams L, Evans DB, et al. A
randomised study of the effects of letrozole and anastrozole on oestro-
gen receptor positive breast cancers in postmenopausal women. Breast
Cancer Res Treat. 2009;114(3):495-501.

Smith |, Yardley D, Burris H, De Boer R, Amadori D, McIntyre K, et al.
Comparative efficacy and safety of adjuvant letrozole versus anastrozole
in postmenopausal patients with hormone receptor-positive, node-
positive early breast cancer: final results of the randomized phase Il
Femara versus anastrozole clinical evaluation (FACE) trial. J Clin Oncol.
2017;35(10):1041-8.

Ellis MJ, Suman VJ, Hoog J, Lin L, Snider J, Prat A, et al. Randomized phase
I neoadjuvant comparison between letrozole, anastrozole, and exemes-
tane for postmenopausal women with estrogen receptor-rich stage 2 to
3 breast cancer: clinical and biomarker outcomes and predictive value
of the baseline PAM50-based intrinsic subtype—ACOSOG Z1031. J Clin
Oncol. 2011;29(17):2342-9.

Clinicaltrials.gov. A study evaluating the efficacy, safety, and pharmacoki-
netics of giredestrant plus palbociclib compared with anastrozole plus
palbociclib for postmenopausal women with estrogen receptor-positive
and HER2-negative untreated early breast cancer (coopERA breast
cancer). NCT04436744. https://clinicaltrials.gov/ct2/show/NCT04436744.
Accessed 1 July 2022.


https://www.vivli.org/
https://seer.cancer.gov/statistics-network/explorer/
https://seer.cancer.gov/statistics-network/explorer/
https://seer.cancer.gov/statistics-network/explorer/
https://seer.cancer.gov/statistics-network/explorer/
https://gco.iarc.fr/overtime/en/dataviz/trends?multiple_populations=1&types=1&sexes=2&cancers=14&populations=84000&years=1980_2018
https://gco.iarc.fr/overtime/en/dataviz/trends?multiple_populations=1&types=1&sexes=2&cancers=14&populations=84000&years=1980_2018
https://gco.iarc.fr/overtime/en/dataviz/trends?multiple_populations=1&types=1&sexes=2&cancers=14&populations=84000&years=1980_2018
https://seer.cancer.gov/statistics-network/explorer/application.html
https://seer.cancer.gov/statistics-network/explorer/application.html
https://clinicaltrials.gov/ct2/show/NCT04436744

Campone et al. Breast Cancer Research

20.

21

22.

23.

24.

25.

26.

(2023) 25:141

Robertson JFR, Moppett |, Rocha JEB, Dzagnidze G, Harding J, Klinowska
T, et al. A randomized, pre-surgical study to investigate the biological
effects of AZD9833 doses in women with ER-positive HER2-negative
primary breast cancer (SERENA-3). Cancer Res. 2021;81(4 Suppl):Abstract
OT-09-5.

Clinicaltrials.gov. A study to investigate the biological effects of AZD9833
in women with ER-positive, HER2 negative primary breast cancer (SER-
ENA-3). NCT04588298. https://www.clinicaltrials.gov/ct2/show/NCT04
588298. Accessed 5 January 2023.

Vidal M, Mufioz M, Margeli M, Gonzalez X, Amillano K, Sdnchez-Bayona R,
et al. Elacestrant in preoperative setting, a window of opportunity study
(ELIPSE trial). Cancer Res. 2022;82(4 Suppl):Abstract OT2-11-07.

Ma CX, Suman'V, Leitch AM, Sanati S, Vij K, Unzeitig GW, et al. Neoadju-
vant chemotherapy (NCT) response in postmenopausal women with
clinical stage Il or lll estrogen receptor positive (ER+) and HER2 negative
(HER2-) breast cancer (BC) resistant to endocrine therapy (ET) in the
ALTERNATE trial (Alliance A011106). Cancer Res. 2021,81(4 Suppl):Abstract
GS4-05.

Alliance for Clinical Trials in Oncology. Growth biomarker strategy in neo-
adjuvant setting may predict long-term outcome for patients with ER+
breast cancer. Alliance A011106 - alternate approaches for clinical stage
Il or Il estrogen receptor positive breast cancer neoadjuvant treatment
(ALTERNATE) in postmenopausal women. 2017. https://www.alliancefo
rclinicaltrialsinoncology.org/main/public/standard xhtml?path=/Public/
News-A011106-Dec2017. Accessed 1 July 2022.

Ma CX, Suman VJ, Leitch AM, Sanati S, Vij KR, Unzeitig GW, et al. ALTER-
NATE: Neoadjuvant endocrine treatment (NET) approaches for clinical
stage Il or lll estrogen receptor-positive HER2-negative breast cancer
(ER+ HER2- BQ) in postmenopausal (PM) women: Alliance A011106. J Clin
Oncol. 2020;38(15 Suppl):Abstract 504.

Sanofi provides update on amcenestrant clinical development program
[press releasel. Paris, France, 17 August 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.clinicaltrials.gov/ct2/show/NCT04588298
https://www.clinicaltrials.gov/ct2/show/NCT04588298
https://www.allianceforclinicaltrialsinoncology.org/main/public/standard.xhtml?path=/Public/News-A011106-Dec2017
https://www.allianceforclinicaltrialsinoncology.org/main/public/standard.xhtml?path=/Public/News-A011106-Dec2017
https://www.allianceforclinicaltrialsinoncology.org/main/public/standard.xhtml?path=/Public/News-A011106-Dec2017

	AMEERA-4: a randomized, preoperative window-of-opportunity study of amcenestrant versus letrozole in early breast cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial Registration 

	Background
	Methods
	Study design and conduct
	Patients
	Treatment
	Endpoints
	Statistical analysis

	Results
	Impact of COVID-19
	Participant disposition
	Participant and disease characteristics
	Outcomes
	Pharmacodynamics and pharmacokinetics
	Safety
	Genomics and transcriptomics

	Discussion
	Conclusions
	Anchor 25
	Acknowledgements
	References


