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THE TRASFORMATIVE EFFECT OF CDK4/6 INHIBITORS
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BUT THE CDK4/6 ET-RESISTANCE STILL OCCURS
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THE CDK4/6 ET-RESISTANCE IS THE RULE



HOW TO DEAL WITH ENDOCRINE RESISTANCE
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Resistance is mainly
driven by ER

• ER is a target
(SERD, SERCA, SERMs, 
CERAN, PROTAC)

Resistance is not 
driven only by ER

• ER is a target
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• GFR/DS inhibitors
(PI3K, AKT, mTOR, HER2, FGFR1)
• DDR, IO, …
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ESR1 mutations
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ORAL SERDs
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Oral SERD Trial Landscape in Pretreated mBC

AI, aromatase inhibitor.
Bardia A, et al. Presented at: San Antonio Breast Cancer Symposium (SABCS) 2022; December 6-10, 2022; San Antonio, TX. Presentation GS3-01. 

ORAL SERDs IN THE CLINIC



EMERALD: STUDY DESIGN

ESR1 mut 48%, Lung/liver mets 68%, CT in ABC 20%, Prior fulvestrant 30%

Inclusion Criteria
• Men and postmenopausal women with 

advanced/metastatic breast cancer
• ER-positive,a HER2-negative
• Progressed or relapsed on or after 1 or 2 lines of 

endocrine therapy for advanced disease, one of 
which was given in combination with a CDK4/6i

• ≤1 line of chemotherapy for advanced disease
• ECOG PS 0 or 1

Two Primary 
Endpoints:e

• PFS in all pts
• PFS in ESR1-mut

Follow Up

Stratification Factors:
• ESR1-mutation statusf
• Prior treatment with fulvestrant
• Presence of visceral metastases

PD or 
withdrawal 

criteriond

R
1:1b

Elacestrant 
400 mg dailyc

Investigator’s choice (SOC): 
Fulvestrant
Anastrozole
Letrozole 
Exemestan

Bidard et al, JCO 2022



EMERALD PRIMARY ENDPOINT: PFS

All Patients Patients with ESR1mut

Bidard et al, JCO 2022

6m 12m



EMERALD: OS (INTERIM ANALYSIS)

All Patients Patients with ESR1mut

Bidard et al, JCO 2022
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EMERALD: RESULTS IN ESR1 WT

Bidard et al, JCO 2022



SUBGROUP ANALYSIS OF PFS 

reduction in the ESR1-mutant cohort. The landmark
analyses at 6 and 12 months demonstrated substantial
improvements in PFS at these later time points
with elacestrant. We consider these differences to be
clinically meaningful in patients with limited treatment
options. The magnitude of PFS improvement was lower
in patients without detectable ESR1 mutation, possibly

reflecting a second- /third-line post-CDK 4/6 inhibitor
setting in which tumors are likely more dependent on
alternate growth factor pathways and less dependent on
the ER pathway, thus limiting the benefit of endocrine
monotherapy.28 Note, the PFS results in this subset
should be interpreted with caution given that this anal-
ysis was not the primary end point.
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FIG 1. (Continued). (C) elacestrant versus fulvestrant in all patients, and (D) elacestrant versus fulvestrant in patients with
detectable ESR1mutation. Analyses were performed on the intention-to-treat population. HR, hazard ratio; PFS, progression-
free survival; SOC, standard of care.
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FIG 2. Subgroup analysis of PFS in all patients. PFS, as assessed by blinded independent central review, in clinically relevant subgroups of patients with
ER-positive/HER2-negative advanced breast cancer. Interaction P values were all nonsignificant indicating that elacestrant benefit on PFS is independent
of subgroup. aNonstratified analysis. bIn the advanced setting. ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; HR, hazard ratio; PFS, progression-free survival; SOC, standard of care.
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PFS ANALYSIS BY DURATION OF CDK4/6i

Bardia A, et al., SABCS 2022

Duration on CDK4/6i
in the Metastatic Setting < 6 Months 6- 12 Months 12 - 18 Months ≥ 18 Months

All Patients
Elacestrant 

(n=29)

SOC
Hormonal 
Therapy 
(n=29)

Elacestrant 
(n=52)

SOC
Hormonal 
Therapy 
(n=46)

Elacestrant 
(n=52)

SOC
Hormonal 
Therapy 
(n=40)

Elacestrant 
(n=98)

SOC
Hormonal 
Therapy 
(n=119)

Median PFS, months
(95% CI)

3.55
(1.87 - 9.43)

1.87
(1.74 - 2.20)

1.91
(1.84 - 1.94)

1.87
(1.81 - 2.14)

3.52
(1.87 - 7.29)

1.84
(1.84 - 1.87)

5.45
(2.33 - 8.61)

3.29
(1.87 - 3.71)

PFS rate at 6 months, % 
(95% CI)

34.54
(9.75 - 59.33)

19.52
(4.21 -34.83)

14.91
(3.12 - 26.70)

12.79
(0.46 - 25.11)

35.40
(19.80 - 51.00)

12.83
(0.09 - 25.56)

44.72
(33.24 - 56.20)

25.12
(15.13 -35.10)

PFS rate at 12 months, % 
(95% CI)

23.03
(0.00 - 47.78)

11.71
(0.00-24.15)

7.46
(0.00 - 19.35) NA 24.78

(8.07 - 41.49)
4.28

(0.00 - 12.33)
26.70

(15.61 - 37.80)
8.23

(0.00 - 17.07)
PFS rate at 18 months, % 
(95% CI)

11.51
(0.00 - 31.71)

11.7
(0.00 -24.15)

7.46
(0.00 - 19.35) NA 18.59

(2.22 - 34.95) NA 21.03
(9.82 - 32.23)

4.11
(0.00 - 11.33)

Hazard ratio (95% CI) 0.709 (0.347 - 1.405) 1.070 (0.638 - 1.814) 0.367 (0.204 - 0.654) 0.703 (0.482 - 1.019)

ESR1-mut
Elacestrant 

(n=9)
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(n=8)

Elacestrant 
(n=25)

SOC
Hormonal 
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(n=21)

Elacestrant 
(n=23)

SOC
Hormonal 
Therapy 
(n=25)

Elacestrant 
(n=55)

SOC
Hormonal 
Therapy 
(n=56)

Median PFS, months 
(95% CI)

1.87 
(1.64 - . )

1.87
(1.68 - 5.55)

1.91
(1.87 - 2.79)

1.84
(1.68 - 3.45)

5.49 
(1.94 - . )

1.84
(1.84 - 1.94)

8.61
(5.45 - 16.89)

2.10
(1.87 - 3.75)

PFS rate at 6 months, % 
(95% CI) NA 14.29

(0.00 -40.21)
5.46

(0.00 - 15.78)
7.22

(0.00 - 20.35)
49.32

(25.11 - 73.53)
13.65

(0.00 - 30.31)
58.57

(43.02 - 74.12)
27.06

(13.05 - 41.07)
PFS rate at 12 months, %
(95% CI) NA 0 0 0 36.99

(9.28 - 64.70)
6.82

(0.00 - 19.43)
35.79

(19.54 - 52.05)
7.73

(0.00 - 20.20)
PFS rate at 18 months, % 
(95% CI) NA 0 0 0 24.66

(0.00 - 51.69) NA 30.68
(13.94 - 47.42) 0

Hazard ratio (95% CI) 1.565 (0.424 - 5.769) 1.122 (0.547 - 2.347) 0.302 (0.126 - 0.677) 0.466 (0.270 - 0.791)



SAFETY PROFILE

tamoxifen,29,30 and a desire to limit heterogeneity in the SOC
arm. There is no indication from the literature that ta-
moxifen would have led to prolonged PFS in the control arm
because of its inferiority to AIs and fulvestrant.

In this study, endocrine therapy was administered as second-
line single-agent therapy to approximately 57% of all patients.
We recognize that in certain regions, particularly the United
States and Europe, combination therapy with fulvestrant is
increasingly being used as the second-line SOC treatment,
particularly for patients with PIK3CA-mutant breast cancer on
the basis of results from recent clinical trials (SOLAR-1 and
BYlieve).31,32 However, the goal of this study, like other ongoing
studies with oral SERDs in the second- or third-line setting, was
to compare a novel endocrine therapy versus currently avail-
able endocrine therapies, rather than evaluate combination
regimens. The benefit of elacestrant over fulvestrant and AIs in
our monotherapy trial also suggests that incorporating ela-
cestrant as the preferred endocrine therapy backbone in future

earlier-line combination studies is a promising strategy. Ac-
cordingly, the role of elacestrant/everolimus compared with
exemestane/everolimus combination and elacestrant/alpelisib
compared with fulvestrant/alpelisib combination requires fur-
ther research. Notably, these historical combinations
(exemestane/everolimus and fulvestrant/alpelisib) exhibited an
approximate 20% discontinuation rate for AEs in clinical
trials.31,33

A strength of our study was the requirement that all patients
had previously received a CDK4/6 inhibitor, consistent with
current practice guidelines.8 It should be noted that the study
used open-label design; as in our opinion, administering
placebo intramuscularly was unethical. Accordingly, the pri-
mary end point was based on BICR. The central results were
consistent with local investigator results providing additional
assurance regarding therapeutic efficacy.

In conclusion, elacestrant is the first oral SERD that
demonstrated a significant improvement in PFS versus SOC

TABLE 2. AEs in All Treated Patients

Event Elacestrant (n 5 237)

SOC

Total (n 5 229) Fulvestrant (n 5 161) AI (n 5 68)

Any AE 218 (92.0) 197 (86.0) 144 (89.4) 53 (77.9)

Grade 3 and 4a 64 (27.0) 47 (20.5) 33 (20.5) 14 (20.6)

Grade 5b 4 (1.7) 6 (2.6) 5 (3.1) 1 (1.5)

Leading to dose reduction 7 (3.0) 0 0 Not applicable

Leading to study drug discontinuation 15 (6.3) 10 (4.4) 6 (3.7) 4 (5.9)

AEsc Occurring in ‡ 10% of
Patients in Any Arm

Elacestrant Total Fulvestrant AI

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

Nausea 83 (35.0)d 6 (2.5) 43 (18.8) 2 (0.9) 26 (16.1) 0 17 (25.0) 2 (2.9)

Fatigue 45 (19.0) 2 (0.8) 43 (18.8) 2 (0.9) 35 (21.7) 1 (0.6) 8 (11.8) 1 (1.5)

Vomiting 45 (19.0)e 2 (0.8) 19 (8.3) 0 12 (7.5) 0 7 (10.3) 0

Decreased appetite 35 (14.8) 2 (0.8) 21 (9.2) 1 (0.4) 12 (7.5) 0 9 (13.2) 1 (1.5)

Arthralgia 34 (14.3) 2 (0.8) 37 (16.2) 0 28 (17.4) 0 9 (13.2) 0

Diarrhea 33 (13.9) 0 23 (10.0) 2 (0.9) 14 (8.7) 1 (0.6) 9 (13.2) 1 (1.5)

Back pain 33 (13.9) 6 (2.5) 22 (9.6) 1 (0.4) 16 (9.9) 1 (0.6) 6 (8.8) 0

AST increased 31 (13.1) 4 (1.7) 28 (12.2) 2 (0.9) 20 (12.4) 2 (1.2) 8 (11.8) 0

Headache 29 (12.2) 4 (1.7) 26 (11.4) 0 18 (11.2) 0 8 (11.8) 0

Constipation 29 (12.2) 0 15 (6.6) 0 10 (6.2) 0 5 (7.4) 0

Hot flush 27 (11.4) 0 19 (8.3) 0 15 (9.3) 0 4 (5.9) 0

Dyspepsia 24 (10.1) 0 6 (2.6) 0 4 (2.5) 0 2 (2.9) 0

ALT increased 22 (9.3) 5 (2.1) 23 (10.0) 1 (0.4) 17 (10.6) 0 6 (8.8) 1 (1.5)

Abbreviations: AE, adverse event; AI, aromatase inhibitor; SOC, standard of care.
aAE severity was graded according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events version 5.0.
bNo fatal events were attributed to study drug by the investigator.
cPreferred terms were coded using the Medical Dictionary for Regulatory Activities version 23.0.
dGrade 1 nausea, n 5 59 (24.9%); grade 2 nausea, n 5 18 (7.6%); grade 3 nausea, n 5 6 (2.5%); and no patients experienced grade 4 nausea.

Percentages reflect maximum grade experienced.
eGrade 1 vomiting, n 5 36 (15.2%); grade 2 vomiting, n 5 7 (3.0%); grade 3 vomiting, n 5 2 (0.8%); and no patients experienced grade 4 vomiting.

Percentages reflect maximum grade experienced.
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EMERALD demonstrated that elacestrant as a single agent reduces the risk of progression or 
death, as compared with current SOC single-agent endocrine therapies. 

Therefore, when single-agent endocrine therapy is appropriate at a later line, elacestrant is a more 
effective option than fulvestrant or an AI

Competitive treatments in case of PI3K and/or AKT alteration with double ET/TT 

EMERALD CONCLUSION
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BYLieve PHASE 2 TRIAL
Alpelisib following progression on or after previous therapy, including CDK4/6 inhibitors

Ana Bosch Campos

Fulvestrant + Alpelisib
N=127 

121 patients centrally confirmed 
PIK3CA mutation

Rugo H, et al. Lancet Oncol 2021 

Local or central testing of tumour tissue or plasma 

Post-hoc exploratory matched progression-free survival 
analyses with standard treatments in a real-world cohort (N=95)

mPFS 7.3 months (95% CI 5.6–8.3)
6-month PFS  54% (95% CI 44–63)

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

BYLieve PHASE 2 TRIAL
Alpelisib following progression on or after previous therapy, including CDK4/6 inhibitors

Ana Bosch Campos

Fulvestrant + Alpelisib
N=127 

121 patients centrally confirmed 
PIK3CA mutation

Rugo H, et al. Lancet Oncol 2021 

Local or central testing of tumour tissue or plasma 

Post-hoc exploratory matched progression-free survival 
analyses with standard treatments in a real-world cohort (N=95)

mPFS 7.3 months (95% CI 5.6–8.3)
6-month PFS  54% (95% CI 44–63)

ALPELISIB + ET
BYlieve Ph2 Trial



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.Ana Bosch Campos

HR+/HER2- AI resistant* ABC
Prior MBC chemo lines ≤1

N=708

Control
Fulv+Placebo

N= 353

Experimental
Fulv + Capivasertib

N= 355

AKT pathway altered populationÆ
Fulv+placebo = 134
Fulv+capivasertib=155
AKT pathway alterationÆ PIK3CAmut ,AKT1mut or PTEN loss

AI resistant*= progression on or <12 mo after adj AI OR 
progression on AI for ABC
69% had prior CDK4/6 inhibitors

CAPItello-291 trial. Capivasertib pan-AKT inhibitor in 
ER+/HER2- ABC 

Patients with a pathway alteration 
don’t do better with capivasertib than 
the WT population.

Overall population

mPFS 7.2 vs 3.6 mo
HR 0.60 (0.51-0.71)

mPFS 7.3 vs 3.1 mo
HR 0.50 (0.38-0.65)

AKT pathway alteration
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The Genomic Landscape of ER+ BC
 

Figure 2: Genomic Characteristics of Prospectively Sequenced Advanced Breast Cancers
(A) The pattern, frequency, and type of genomic alterations in key breast cancer genes by 
receptor type.
(B) The frequency difference among genes with a statistically significant increase (q < 0.05) 
of alterations in metastatic specimens as compared with primary tumors. The color of the 
gene symbol indicates statistical significance by receptor status.
(C) Recurrent genomic alterations (left) and their association with different organ sites of 
metastasis (right). Line thickness corresponds to the frequency of mutations arising in the 
indicated metastatic site. Shading identifies the relationships between genes and metastatic 
sites. Statistically significant associations are shown as asterisks (p < 0.05).
See also Figures S2-S3 and Table S3.
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Genomic sequencing of 1,501 
HR+ BC, with detailed clinical 
information and treatment 
outcomes. 

In 692 BC previously exposed 
to HT, an increased number of 
alterations in genes involved in 
the MAPK pathway and in the 
ER transcriptional machinery  
has been observed
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SERENA-2: TRIAL DESIGN

• Primary endpoint: PFS (investigator assessment*)
• Secondary endpoints: CBR24, ORR, OS, safety
• Translational endpoints: serial ctDNA analysis including ESR1m, serial CTCs 

analysis

Key inclusion/exclusion criteria:
• Recurrence or progression on at least 1L of ET
• No prior fulvestrant or oral SERD in ABC
• No more than one line of ET in ABC setting
• No more than one line CT in ABC setting
• Measurable and non-measurable disease

Post-menopausal 
ER+/HER2- ABC

candidates to receive 
fulvestrant monotherapy 

in the ABC setting 1:1:1:1
N=240

Stratification: 
Prior CDK4/6i 
Lung/liver mets

camizestrant 150 mg (n=73)

camizestrant 75 mg (n=74)

fulvestrant (n=73)

camizestrant 300 mg (n=20)
(CSP v5 amendment: 16Dec20)

R

ESR1 mut 37%
Prior CDK4/6i 50%
Lung/liver mets 58%

Olivera M, et al. SABCS 2022

CT in ABC 20%



PFS BY INVESTIGATOR ASSESSMENT
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Camizestrant 75 mg

Camizestrant 150 mg

Fulvestrant 500 mg

0 3 6 9 18 21 24 2712 15
Time (months)

1.0

0.8

0.6

0.4

0.2

0.0

C 75 74 50 33 27 21 14 7 2 1 0
C 150 73 50 37 32 25 12 6 2 0

F 73 37 28 22 14 8 5 0

Olivera M, et al. SABCS 2022

*Statistically significant; aHRs adjusted for prior use of CDK4/6i and liver/lung metastases

CDK4/6i: CDK4/6 inhibitor; CI: confidence interval; HR: hazard ratio; PFS: progression-free survival

C 75 (n=74) C 150 (n=73) F (n=73)
Median duration
of follow-up, months 16.6 16.6 17.4
Events [n (%)] 50 (67.6) 51(69.9) 58 (79.5)
Median PFS, months 
(90% CI)

7.2
(3.7-10.9)

7.7
(5.5-12.9)

3.7
(2.0-6.0)

Adjusted HR 
(90% CI)a

0.58
(0.41-0.81)

0.67
(0.48-0.92) -

P value 0.0124* 0.0161* -



PFS BY DETECTABLE ESR1M

Olivera M, et al. SABCS 2022



PFS BY PRIOR CDK4/6i

Olivera M, et al. SABCS 2022
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ONGOING PHASE III TRIALS IN MBC

CT04478266
(AMEERA-5)

Trial ID Drug Patient cohort(s) Sample size Primary Endpoint Setting
NCT04964934 
(SERENA-6)

camizestrant E: camizestrant + palbociclib or 
abemaciclib;
C: anastrozole or letrozole + 
palbociclib or abemaciclib

300 mPFS ER+/HER2-,
ESR1 mutated

NCT04711252 
(SERENA-4)

camizestrant E: camizestrant + palbociclib 
C: anastrazole + palbociclib

1342 mPFS ER+/HER2-
mBC, ≥ 1L (AI or
TAM pre-treated)

NCT04975308 
(EMBER-3)

imlunestrant E: imlunestrant
E: imlunestrant + abemaciclib 
C: exemestane or fulvestrant

860 mPFS ER+/HER2- 
mBC, ≥ 1L

NCT05306340 
(evERA)

giredestrant E: giredestrant + everolimus 
C: exemestane + everolimus

320 mPFS ER+/HER2-
mBC, ≥ 1L (after

CDK4-6i)
NCT04546009
(persevERA)

giredestrant E: giredestrant + letrozole- 
matching placebo + palbociclib 
C: letrozole + giredestrant-
matching placebo + palbociclib

978 mPFS ER+/HER2-
mBC, without 
therapeutic 

options
N amcenestrant E: amcenestrant + letrozole- 

matching placebo
C: letrozole + amcenestrant 
matching placebo

1066 mPFS ER+/HER2- 
mBC, ≥ 1L (SERD

naïve)

Adapted from Corti C et al. Cancer Treatment Reviews 2023



HOW TO IMPLEMENT ORAL SERDs IN THE CLINIC



ESR1-MUT AS MECHANISM OF ACQUIRED RESISTANCE

<1-6%

30–55%

At initial diagnosis of mBC

On/after 1L AI in metastatic setting

Berger et al. BMJ Open. 2022;12:e055821. Bidard F-C et al. Poster presented at: SABCS; December 7–10, 2021; Virtual. Poster OT2-11-05.

During
the first 6 months of 

AI+Palbo (n)

After
the first 6 months of 

AI+Palbo (n)

ESR1wt 81.3% (74) 47.0% (71)

ESR1mut 18.7% (17) 53.0% (80)

ESR1mut is rare in early PD

But is a major mechanism of resistance after 6 months



PREVALENCE OF ESR1-mut (ctDNA) in ER+ mBC



THE ROLE OF ESR1-mut
CLINICAL CANCER RESEARCH | PRECISION MEDICINE AND IMAGING

ESR1 Mutations and Overall Survival on Fulvestrant
versus Exemestane in Advanced Hormone Receptor–
Positive Breast Cancer: A Combined Analysis of the
Phase III SoFEA and EFECT Trials A  C

Nicholas C. Turner1,2, Claire Swift2, Lucy Kilburn3, Charlotte Fribbens1,2, Matthew Beaney1,
Isaac Garcia-Murillas1, Aman U. Budzar4, John F.R. Robertson5, William Gradishar6, Martine Piccart7,
Gaia Schiavon8, Judith M. Bliss3, Mitch Dowsett1,2, Stephen R.D. Johnston2, and Stephen K. Chia9

ABSTRACT
◥

Purpose: ESR1 mutations are acquired frequently in hormone
receptor–positive metastatic breast cancer after prior aromatase
inhibitors. We assessed the clinical utility of baseline ESR1 circu-
lating tumor DNA (ctDNA) analysis in the two phase III random-
ized trials of fulvestrant versus exemestane.

Experimental Design: The phase III EFECT and SoFEA trials
randomized patients with hormone receptor–positive metastatic
breast cancer who had progressed on prior nonsteroidal aromatase
inhibitor therapy, between fulvestrant 250 mg and exemestane.
Baseline serum samples from 227 patients in EFECT, and baseline
plasma from 161 patients in SoFEA, were analyzed for ESR1
mutations by digital PCR. The primary objectives were to assess
the impact of ESR1 mutation status on progression-free (PFS) and
overall survival (OS) in a combined analysis of both studies.

Results:ESR1mutationswere detected in 30% (151/383) baseline
samples. In patients with ESR1 mutation detected, PFS was

2.4 months [95% confidence interval (CI), 2.0–2.6] on exemestane
and 3.9months (95%CI, 3.0–6.0) on fulvestrant [hazard ratio (HR),
0.59; 95% CI, 0.39–0.89; P ¼ 0.01). In patients without ESR1
mutations detected, PFS was 4.8 months (95% CI, 3.7–6.2) on
exemestane and 4.1 months (95% CI, 3.6–5.5) on fulvestrant
(HR, 1.05; 95% CI, 0.81–1.37; P ¼ 0.69). There was an interaction
between ESR1 mutation and treatment (P ¼ 0.02). Patients with
ESR1mutation detected had 1-year OS of 62% (95% CI, 45%–75%)
on exemestane and 80% (95% CI, 68%–87%) on fulvestrant
(P ¼ 0.04; restricted mean survival analysis). Patients without
ESR1 mutations detected had 1-year OS of 79% (95% CI,
71%–85%) on exemestane and 81% (95% CI, 74%–87%) on fulves-
trant (P ¼ 0.69).

Conclusions:Detection of ESR1mutations in baseline ctDNA is
associated with inferior PFS and OS in patients treated with
exemestane versus fulvestrant.

Introduction
Mutations in the estrogen receptor gene (ESR1) are acquired

frequently in metastatic hormone receptor–positive breast can-
cer (1, 2). Mutations are selected in the cancer as a mechanism
of clinical acquired resistance to prior aromatase inhibitor therapy,
acquired relatively rarely through tamoxifen (3, 4). ESR1 mutations
are acquired most frequently when aromatase inhibitors are used to
treat advanced breast cancer (5), are more frequently selected in

cancers that progress after sensitivity to prior aromatase inhibitor
therapy, and are relatively rare in patients with intrinsic endocrine
resistance (3). This presents challenges in the identification of ESR1
mutations in standard clinical practice, as although biopsy of a
recurring breast cancer is now commonplace, repeat biopsy after
initial treatment is rarely performed. Multiple studies have shown
that ESR1 mutations can be identified at high frequency in the
plasma, in the circulating tumor DNA (ctDNA), of patients after
progression on aromatase inhibitor therapy (3, 6, 7).

Multiple sequential lines of endocrine-based therapy is a standard of
care for advanced hormone receptor–positive cancer, especially in
patients whose cancer shows sensitivity to prior or first-line hormone
therapy (8). Two phase III trials [the soFEA (9) and EFECT (10)
studies] investigated the optimal second-line endocrine therapy, ran-
domizing patients progressing on a nonsteroidal aromatase inhibitor
between fulvestrant 250 mg and exemestane. In prior analysis, we
analyzed ESR1 mutations in baseline plasma from the SoFEA trial.
Patients with ESR1mutations had improved progression-free survival
(PFS) after taking fulvestrant (n¼ 45) comparedwith exemestane [n¼
18; hazard ratio (HR), 0.52; 95% confidence interval (CI), 0.30–0.92;
P¼ 0.02], whereas patients with wild-type ESR1 had similar PFS after
receiving either treatment (HR, 1.07; 95% CI, 0.68 to 1.67; P ¼ 0.77;
ref. 3). Baseline serum samples were available from EFECT, with no
plasma samples available. Serum samples present challenges for
ctDNAanalysis due to release of lymphocyteDNAduring clotting (11),
although in prior research we have shown that release of wild-type
DNA does not substantially effect results of ctDNA analysis with
digital PCR (3).

1Breast Cancer Now Research Centre, The Institute of Cancer Research, London,
United Kingdom. 2Breast Unit, The Royal Marsden Hospital, London, United
Kingdom. 3ICR-CTSU, The Institute of Cancer Research, London, United King-
dom. 4MD Anderson Cancer Center, Houston, Texas. 5University of Nottingham,
Nottingham, United Kingdom. 6Northwestern University, Chicago, Illinois. 7Insti-
tut Jules Bordet, Universit!e Libre de Bruxelles, Brussels, Belgium. 8R&D Oncol-
ogy, AstraZeneca, Cambridge, United Kingdom. 9British Columbia Cancer
Agency, Vancouver, British Columbia, Canada.

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).
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fulvestrant (HR, 0.89; 95% CI, 0.64–1.23; P¼ 0.49; Fig. 3). In patients
with ESR1 mutation detected, median OS was 18.0 months (95%
CI, 6.8–27.0) on exemestane and 21.2 months (95% CI, 18.3–26.1)
on fulvestrant (HR, 0.85; 95% CI, 0.51–1.40; P ¼ 0.52). However,
Cox proportional hazards assumption was violated for patients
with ESR1 mutations detected (proportionality assumption rho,
0.22; x2, 3.86; P ¼ 0.049), suggesting nonproportional hazards. We,
therefore, repeated the OS analysis utilizing a restricted mean survival
model. In patients with ESR1 mutations detected, patients on exe-
mestane had worse OS compared with those on fulvestrant by restrict-
ed mean survival analysis at 24 months (mean difference¼"3.3; 95%

CI, "6.4 to "0.1; P ¼ 0.04), with no difference in the cohort with no
detectableESR1mutation (meandifference¼"0.8; 95%CI,"2.5 to 0.9;
P ¼ 0.35). The estimated rates of OS at 1 year in patients with ESR1
mutationdetectedwas62% (95%CI, 45%–75%)on exemestane and80%
(95% CI, 68%–87%) on fulvestrant (1-year landmark analysis HR, 0.50;
95%CI, 0.24–1.04;P¼ 0.06;Fig. 3). In patients without ESR1mutations
detected, the 1-yearOSwas79% (95%CI, 71%–85%) onexemestane and
81% (95% CI, 74%–87%) on fulvestrant (P ¼ 0.75; Fig. 3).

Discussion
We conducted a combined analysis of EFECT and SoFEA to

investigate the clinical impact of ESR1 mutation analyzed in ctDNA.
Patients with ESR1 mutations detected had shorter PFS when treated
with exemestane therapy, compared with fulvestrant, and also had
shorter OS in restricted mean survival analysis. Analysis of OS in
patients with ESR1 mutations suggested nonproportional hazards,
suggesting that patients treated with ESR1-mutant cancers were at
elevated risk of early death if treated with exemestane. Although
hormone receptor–positive breast cancer is generally indolent, this
may suggest that treatment with an inactive hormone therapy has
potential short-term risks for patients, in a subset of patients where
ESR1-mutant breast cancer may behave more aggressively (12).

In routine clinical practice, exemestane is now frequently given in
combination with everolimus (13), potentially limiting the direct
translation of these findings to routine practice. However, analysis of
ESR1 mutations in BOLERO2 also suggested adverse outcome for
patients with ESR1mutations detected in baseline plasma treated with
exemestane and everolimus (6). Everolimus has activity when given
with multiple different endocrine therapy backbones. Fulvestrant plus
everolimus showed substantial activity in the phase II MANTA trial,
with 12.2 months PFS (95% CI, 7.5–14.3; ref. 14), and tamoxifen plus
everolimus showed substantial activity in the phase II TamRAD trial
with 8.6 months PFS (95% CI, 5.9–13.9; ref. 15). In an exploratory

Figure 2.
PFS in the combined analysis of SoFEA and EFECT by ESR1 mutation status
and treatment. Patients with ESR1 mutation detected: HR, 0.59; 95% CI,
0.39–0.89; P ¼ 0.01. Patients without ESR1 mutation detected: HR, 1.05, 95%
CI, 0.81–1.37; P ¼ 0.69. Interaction test P ¼ 0.02. E, exemestane; F, fulvestrant;
mth, month; mutant, ESR1 mutation detected; wild-type, ESR1 mutation not
detected.

Table 2. Multivariate analysis of PFS in the SoFEA and EFECT combined analysis.

Hazard ratio
(95% CI) P

ESR1 mutation status Wild-type 1 —
Mutant 1.96 (1.34–2.86) 0.001

Treatment group Exemestane 1 —
Fulvestrant 1.08 (0.82–1.41) 0.6

Age at randomization <50 1 —
50–64 0.88 (0.56–1.37) 0.56
65–75 0.69 (0.44–1.11) 0.13
≥75 0.55 (0.33–0.91) 0.02

Site of disease Visceral 1 —
Soft tissue/node 0.76 (0.58–0.99) 0.04
Bone only 0.65 (0.46–0.90) 0.01

Time from diagnosis <1 year 1 —
to randomization 1–2 years 0.58 (0.28–1.19) 0.13

3–4 years 0.59 (0.28–1.22) 0.15
5þ years 0.45 (0.22–0.90) 0.02

Hormone receptor status ERþ, PgRþ 1 —
ERþ, PgR" 0.91 (0.69–1.20) 0.5
ERþ, PgR unknown 0.69 (0.50–0.94) 0.02
ER"/unknown, PgRþ 0.51 (0.16–1.62) 0.25

ESR1 mutation status 0.61 (0.38–1.00) 0.05
$ treatment group (interaction)

Abbreviations: ER, estrogen receptor; PgR, progesterone receptor.

ESR1 Mutations and Overall Survival
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Detection of ESR1-mut in baseline ctDNA is associated with inferior PFS and OS in pts with 
exemestane vs. fulvestrant. 



ESR1 MUTATIONS ASSOCIATED WITH POOR PROGNOSIS

Cristofanilli M et al., ASCO 2021



TACKLING MOLECULAR OR CLINICAL PROGRESSION?

@ clinical progression? @ acquirement of endocrine resistance
(i.e. ESR1)?



PADA-1: STUDY DESIGN
PAlbociclib and ctDNA for ESR1m detection (PADA-1) is a randomised, open-label, phase III trial that aimed to evaluate the safety and efficacy of a
switch from AI to fulvestrant combined with palbociclib upon detection of rising ESR1m in ctDNA in patients with HR+/HER2– mBC

• Adults with HR+ 
(>10%)/HER2– mBC

• ECOG 0–2
• No relapse under 

adjuvant AI or relapse
>12m after adjuvant AI

• No prior systemic 
therapy for aBC

N= 1,017

Co-primary endpoints

Secondary endpoints

• Safety: grade ≥3 haematological AEs
• PFS from randomisation (Step 2)d

• PFS from cross-over (Step 3)d

• Time to strategy failure (Step 2&3)
• Chemotherapy-free survival (Step 

2&3)
• PFS from inclusiond

• AEs and SAEs (grade ≥3 
extra-haematological)

• QoL scoree

• OS
• ctDNA detection at different time 

points

St
ep

 
1

1:1
c

Continue AI + palbociclib

Fulvestrant + palbociclib
R

St
ep

 
2

AI + palbociclib

ESR1m screening in ctDNAa at inclusion, 1 month then Q2 months

Rising ESR1m with no synchronous PDb

St
ep

 3
(o

pt
io

na
l) Fulvestrant + palbociclib

Disease 
progression 
End of study

Disease 
progression 
End of study

Disease 
progression

Carmen Criscitiello
Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Bidard F-C et al. Presented at ASCO Annual Meeting; May 29–31, 2020; Virtual. J Clin Oncol;38(suppl 15): Abstract 1010.



PADA-1: RESULTS



The relevant Δ is PFS 1 – PFS2
i.e. Δ= 11.9– 9.2 m= 2.7m

Is this Δ clinically meaningful ?
Caveat SERENA 6 vs SERENA 4

(4.6m in PACE trial)

PADA-1: RESULTS



SERENA-6: STUDY DESIGN
Ongoing randomised, double-blind study to evaluate the safety and efficacy of camizestrant in combination with CDK4/6i (palbociclib or abemaciclib)
vs AI + CDK4/6i in pts with HR+/HER2– mBC upon detection of ESR1m without disease progression on 1L therapy

Switch to camizestrant (75 mg OD)
+ maintain same CDK4/6i + placebo for AI

Continue on AI + maintain same CDK4/6i
+ placebo for camizestrant

R
1:
1

• Adults with HR+/HER2– 
locally advanced 
(inoperable) or mBC

• Currently receiving AI 
(anastrozole or letrozole)
+ CDK4/6i (palbociclib or
abemaciclib) ± LHRH as 
1L treatment for advanced 
disease for ≥6m with no 
evidence of disease 
progression by 
investigator assessment

• ECOG 0 or 1

Estimated enrolment: 302 participants

Primary endpoint

• PFS

Secondary endpoints

• PFS2
• OS
• Chemotherapy-free survival
• ORR
• CBR24

• PROs

Safety and tolerability

• AEs, SAEs, vital signs, 
clinical safety laboratory 
assessments

Step 1: ESR1m detection

Step 2: Randomised treatment

Continue 1L treatment with AI + CDK4/6i ± LHRH

ESR1m screening in plasma ctDNA (every 2–3 treatment cycles) 
and tumour imaging as per standard of care

Disease 
progression 
End of study

ESR1m positive tumour 
detected and no evidence of 

disease progressionb

ESR1m negative tumour and
no evidence of disease progression

Disease 
progressio 

n and 
survival 

follow-up

Carmen Criscitiello
Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

ClinicalTrials.gov Identifier: NCT04964934; Bidard F-C et al. Poster presented at: SABCS; December 7–10, 2021; Virtual. Poster OT2-11-05.



BRIDGING THE PRESENT (mBC) AND THE FUTURE (eBC)



RATIONALE FOR ORAL 
SERDs USE IN THE EBC

Oral SERDs: more potent inhibitors of ER 
(both ESR1-mut and ESR1-wt), compared 
to AI and Tam, thus expecting efficacy to be 
translated also in the adjuvant setting

BRIDGING THE PRESENT (mBC) AND THE FUTURE (eBC)



UNASWERED QUESTIONS: EARLY BC (Neoadj)



BACKGROUND



% CHANGE FROM BASELINE (ER+)



% CHANGE FROM KI67 BASELINE (ER+)



ONGOING PHASE 3 TRIALS IN EBC

NCT05128773
AMEERA-6)

Trial ID Drug Phase Patient cohort(s) Sample size Primary Endpoint Setting
NCT05512364

(TREAT ctDNA)
Elacestrant 3 E: elacestrant monotherapy

C: standard ET (the same pts 
were receiving at the time of 
ctDNA detection)

220 DMFS High-risk (either
stage IIB-III or
≥ypT1c and/or 

ypN+)

NCT04436744
(lidERA)

Giredestrant 3 E: giredestrant
C: ET of physician’s choice

221 iDFS stage I-III

( §
Amcenestrant 3 E: amcenestrant 

C: tamoxifen
3738 (2 patients 

enrolled, prematurely 
discontinued)

iBCFS pts who have 
discontinued 

adjuvant AI due to 
treatment-related 

toxicity

NCT05774951 
(CAMBRIA1)

Camizestrant 3 E: camizestrant
C: continue standard ET of 
investigator's choice

4300 iBCFS High-risk eBC after 
at least 2 years (no 
more than 5 years) 

of ET

Adapted from Corti C et al. Cancer Treatment Reviews 2023



Key Eligibility Criteria
• Elevated risk of recurrence after definitive treatment for

ER+ (≥ 10%), HER2- eBC, defined as either:
• Stage IIB/III disease and completion of adjuvant 

chemotherapy, OR
• Completion of at least 4 cycles of NACT and RD

at surgery of ≥ ypT1c or ypN+
• ctDNA+ by RaDaR assay
• Patients must have received at least 2 years and up to 

7 years of ET
• Previous adjuvant CDK4/6i or PARPi allowed

(completed ≥12 months before registration)
• No prior treatment with SERDs or investigational ER 

antagonist

R 
1:1

Elacestrant

Standard endocrine treatment

Primary 
Objective:

Distant metastasis free survival (DMFS)

Secondary 
Objectives:

1.ctDNA elimination rate at month 1 defined as the 
proportion of randomised patients who had a negative 
ctDNA test result at month 1

TREAT ctDNA (EORTC-2129-BCG)

ClinicalTrials.gov Identifier: NCT05512354

Elacestrant vs standard ET in pts with ER+/HER2- BC and ctDNA relapse



CAMBRIA-1
Camizestrant as extended treatment following 2–5 years of standard ET

Primary Endpoint
• Invasive BC-free survival

Secondary Endpoints
• Invasive disease-free survival
• Distant relapse-free survival
• Overall survival

Other endpoints
• Safety (including TEAEs 

and SAEs)
• Patient-reported tolerability 

and QoL
• Pharmacokinetics

Inclusion Criteria
• ER-positive (>10%), HER2-negative eBC
• Intermediate or high risk of recurrence (based on 

clinical / genomic features)
• Completed definitive surgery
• Completed 2–5 years of adjuvant ET ± 

abemaciclib and currently receiving ET (within past 
3 months)

• Planning 5 further years of adjuvant ET
• Free of invasive disease
• ECOG PS ≤1

Exclusion Criteria
• Disease recurrence on adjuvant ET

Arm A
ET (AI or tamoxifen ± OFS)

Arm B
Camizestrant (150 mg, once daily)
± OFS

R 
1:1 5 years of treatment

ClinicalTrials.gov Identifier: NCT05774951

Pre-menopausal women and men will 
receive OFS mandatory in camizestrant 
arm, per local guideline in control arm



CAMBRIA-2
Camizestrant as upfront treatment in ER+/HEr2- high risk eBC



lidERA
A study of giredestrant as single-agent adjuvant therapy

Patients with ER-positive, HER2-negative eBC
• Medium- or high-risk disease
• Postmenopausal or pre-/peri-menopausal 
women, and men*
• Prior surgery with curative intent
• Completed (neo)adjuvant chemotherapy
(if administered) and/or surgery <12 months prior to
enrolment; ≤4 weeks of prior endocrine therapy 
N = 4100

R
1:1

Giredestrant 30 mg QD

Physician’s choice 
of adjuvant 
endocrine 
monotherapy†

Long-term follow-up (5 years)

Patients are categorised as medium- or high-risk 
based on anatomical (tumour size, nodal status) 
and biological features (grade, Ki67, gene 
signatures [OncotypeDx or MammaPrint] if 
available)

Primary endpoint

● Invasive disease-free survival (IDFS), excluding 
second primary non-breast cancers; time from 
randomisation to the occurrence of IDFS events.

Secondary endpoints

● Overall survival
● IDFS (per STEEP‡) including second primary non-breast cancer
●Disease free survival
●Distant recurrence-free interval

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.
ClinicalTrials.gov Identifier: NCT04436744

●Locoregional recurrence-free interval
● Safety

●Pharmacokinetics
●Patient-reported outcomes

‡ STEEP System as defined by Hudis CA, et al. J Clin Oncol 2007; 25:2127–2132

* For men and pre-/peri-menopausal women, LHRH agonist will be administered 
according to local prescribing information.
† Physician’s choice of adjuvant endocrine monotherapy refers to either tamoxifen,
anastrozole, letrozole or exemestane to be dosed according to prescribing information.



EMBER-4
A study of Imlunestrant as single-agent adjuvant therapy

ClinicalTrials.gov NCT05514054



UNASWERED QUESTIONS: EARLY BC

1. Superior to approved ET in all comers?

 - Ki67 reduction and CCCA @week 2: Giredestrant > Anastrozole (-80% vs -67%) 
 in coopERA trial (Hurvitz et al ESMO 2021) 
 - Better adherence ? Advantage with Oral SERDs dose reduction possible unlike 
 AI/TAM (MTD not reached in ph1 and lowest dose also potent)

2. SERD alone or SERD + Abem in High Risk pts ?

3. Optimal timing ? Upfront strategy (SERD vs AI/Tam) vs switch strategy (after 2y) vs Extended ET

4. Await resuts from on-going RCT



What we know so far:
u Greatest benefit in ESR1mut and prior long-responders to CDK4/6i

u Not an option in early progressors 
Open questions:

u New 1L ET backbone? After 1L, in combo or as monotherapy?
u Tackling molecular or clinical progression? Clinical utility?
u Implementation in the early setting
u Use in combo (SERD+AI) ?

CONCLUSIONS


