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Overview of Clinical Trials with CDK 4/6 Inhibitors in Advanced Breast Cancer

ET Sensitive ET Resistant

MONARCH 3 (1)

Abemaciclib + AI
MONARCH 2 (2)

Abemaciclib + Fulvestrant
MONARCH 1 (3)

Abemaciclib

PALOMA-2 (4)

Palbociclib + AI
PALOMA-3 (5)

Palbociclib + Fulvestrant

MONALEESA-2 (6)

Ribociclib + AI

MONALEESA-3 (7)

Ribociclib + Fulvestrant

MONALEESA-7 (8)

Ribociclib + Tamoxifen/AI (Premenopausal only)

DAWNA-2 (9) 

Dalpilisib + AI

DAWNA-1 (10)

Dalpilisib + Fulvestrant

Prior Chemotherapy for MBC

PFS 23-33 months PFS 9-20 months

OS 53-67 months

1. Goetz PM, et al. J Clin Oncol. 2017;35:3638-3646; 2. Sledge GW Jr, et al. J Clin Oncol. 2017;35:2875-2884; 3. Dickler MN, et al. Clin Cancer Res. 2017;23:5218-5224; 4. Finn RS, et al. N Engl J Med. 2016;375:1925-1936; 5. Cristofanilli M, et al. Lancet Oncol. 2016;17:425-439; 6. Hortobagyi GN, et al. N Engl J Med. 
2016;375:1738-1748; 7. Slamon DJ, et al. J Clin Oncol. 2018;36:2465-2472; 8. Tripathy D, et al. Lancet Oncol. 2018;19:904-915. 9. Xu B, et al. ESMO 2022 10. Xu B, et al. Nature Medicine volume 27, pages 1904–1909 (2021)

Werutsky G. unpublished



MAINTAIN: continuing CDK 4/6 inhibitors post progression

Kalinsky K. LBA 1004 ASCO 2022

• Prior CDK4/6 inhibitor: 87% Palbociclib

• Prior duration of CDK 4/6 inhibitor: 15.5 vs 17months

• 60% visceral metastasis  



PACE: Palbociclib After CDK 4/6i and Endocrine Therapy

Mayer EL GS3-06 SABCS 2022

• 90% received prior Palbociclib 

Luminal BC patients progressing to CDK 4/6i benefit from immunotherapy?



MONALESSA 2, 3, -7: Mechanisms of Acquired Resistance to Ribocilib Plus 
Endocrine Therapy

Andre F. SABCS 2022 P5-02-14 

• In the RIB arm, the frequency of alterations in RB1 (10.4% vs 2.0%), ATM (11.3% vs 8.4%), 
FAT1 (4.8% vs 3.0%), FAT3 (5.0% vs 2.5%), and TET2 (11.6% vs 8.6%) was higher at EOT vs 
BL (FDR-adj P < .10) 

• GATA3 was higher at EOT vs BL in the ET alone arm but not with the combination of RIB + 
ET 

• In both arms, the frequency of alterations in ESR1 was also higher at EOT vs BL for RIB 
(26.3% vs 9.1%) and PBO (28.9% vs 5.4%) (FDR-adj P < .0001)

• An increase in TMB from BL to EOT was observed in 
both arms (P < .0001) 

• In the RIB arm, the percentage of patients with high 
TMB (> 10 mutations/Mb) increased from BL (1.1%) to 
EOT (5.7%) (McNemar P = .0001)



PADA-1: characterization of ESR1 mutations with aromatase inhibitor 
or fulvestrant + palbociclib therapy 

Bidard FC. ASCO 2023. Abst 1002



New frontiers for ER inhibition

Ferraro; Cancer Treat Rev 2022



EMERALD1 SERENA-22 EMBER-33 AMEERA-34-6 acelERA6-9

Treatment Elacestrant Camizestrant
Imlunestrant +/- 

abemaciclib Amcenestrant Giredestrant

Control
Arm

fulvestrant / AIs fulvestrant fulvestrant / exemestane fulvestrant / AIs / tamoxifen fulvestrant / AIs

Phase (n) Phase 3 (478) Phase 2 (240) Phase 3 (800) Phase 2 (367) Phase 2 (303)

Patients
Men or postmenopausal 

women
Postmenopausal women 

Men or postmenopausal 
women

Men or women (any 
menopausal status) 

Men or women (any 
menopausal status)

Prior
CDK4/6i

Required 
(100%)

Permitted Permitted
Permitted

(79.7%)
Permitted

(42%)

Allowed Prior
Fulvestrant

YES NO NO YES YES

Allowed Prior
Chemotherapy in mBC

YES YES NO YES YES

Data readout
Positive

(Registrational)
Positive

(Non-Registrational)
Ongoing Negative Negative

1. Bidard FC, et al. J Clin Oncol. 2022;40(28):3246-3256. 2. SERENA2. ClinicalTrials.gov identifier: NCT04214288. Accessed November 18, 2022, https://clinicaltrials.gov/ct2/show/NCT04214288; 3. EMBER-3. Clinical Trials.gov identifier: NCT04975308. Accessed 
November 18, 2022. https://clinicaltrials.gov/ct2/show/NCT04975308; 4. AMEERA3. ClinicalTrials.gov identifier: NCT04059484. Accessed November 18, 2022. https://clinicaltrials.gov/ct2/show/NCT04059484; 5. Tolaney SM, et al. Ann Oncol. 2022; 33(7):S88-S121 
(Abstr 212MO); 6. Evaluate Vantage. https://www.evaluate.com/vantage/articles/news/trial-results/roche-has-rare-breast-cancer-setback. Accessed July 20, 2022; 7. acelERA ClinicalTrials.gov identifier: NCT04576455. Accessed November 18, 2022. 
https://clinicaltrials.gov/ct2/show/NCT04576455; 8. Martin M, et al. J Clin Oncol. 2021;39(15):abstr TPS1100; 9. Martin Jimenez M, et al. Ann Oncol. 2022;33(7):S88-S121 (abstr 211MO). 

Oral SERD trial landscape in pretreated HR+/HER2- metastatic breast cancer



PFS-INV ITT

PFS BY DETECTABLE ESR1m

Olivera M et al. SABCS 2022.

Non-approved medication information in Japan is contained in this slide.

Martin M. ESMO 2022; Oliveira M SABCS 2022

PFS BY DETECTABLE ESR1m

Olivera M et al. SABCS 2022.

Non-approved medication information in Japan is contained in this slide.



EMERALD Phase 3 Study Design

International, multicenter, randomized, open-label, active-controlled, event-driven, phase III study

Patient Inclusion Criteria (N = 466)

• Aged ≥ 18 years

• Locally advanced or metastatic breast 

adenocarcinoma not amenable to curative 

therapy

• ER+/HER2- disease

• Postmenopausal

• Measurable disease or non-measurable 

bone-only disease

• 1 to 2 lines of previous ET and 0 to 1 lines 

of chemotherapy for metastatic disease

• Prior CDK4/6 inhibitor treatment with 

fulvestrant or an aromatase inhibitor (AI)

• Appropriate candidate for ET

• Confirmed estrogen receptor 1 (ESR1) 

mutation status

1:1

randomization

Elacestrant 400 mg orally, once daily

Investigator’s choice of anastrozole 1 mg/d, 

exemestane 25 mg/d, letrozole 2.5 mg/d, 

fulvestrant 500 mg (cycle 1: d1, 15; cycle 2: d1; 

cycle3+: d1)

End Points

Primary: 

• PFS in all patients

• PFS in patients with 

ESR1 mutations 

only

Secondary:

• Overall survival 

(OS) in all patients 

• OS in patients with 

ESR1 mutations 

only

Stratification factors: ESR1 mutation status, presence of visceral 
metastases, previous fulvestrant treatment

Bidard FC et al. J Clin Oncol 40:3246-3256



EMERALD: Primary endpoint PFS in all pts and ESR1 mut only 

All pts (ITT)

Patients with ESR1mut

Bidard et al. ; J Clin Oncol 2022 403246-3256.



EMERALD: PFS by duration prior CDK4/6i (ESR1mut) 

92.3% 71.6% 50%

Bardia et al; SABCS 2022 GS3-01



EMERALD Safety Summary 

• Most adverse events (AEs), including nausea, were 
grade 1 and 2, and no grade 4 treatment-related AEs 
(TRAEs) were reported. 

• Only 3.4% of patients receiving elacestrant and 0.9% 
receiving SOC discontinued therapy due to any TRAE. 

• No deaths assessed as treatment-related were 
reported in either arm.

• No hematologic safety signal was observed, and none 
of the patients in either treatment arm had 
sinus bradycardia.

Updated safety data were consistent with previously reported results:

Nausea Summary
Elacestrant 

(n=237)
SOC (n=230)

Grade 3 nausea, n (%) 6  (2.5%) 2  (0.9%)

Dose-reduction rate due to 
nausea, n (%)

3 (1.3%) Not applicable

Discontinuation rate due to 
nausea, n (%)

3 (1.3%) 0 (0%)

Antiemetic use 8%
10.3% (AI)

1.3% (Ful)

Bardia et al; SABCS 2022 GS3-01



ET resistance and impact on sequential use ET +- combinations and new agents

SERENA-2EMERALD acelERA

How do we select from our available

treatments?

Fulvestrant

Rechallenge CDK4/6 inhibitors (+ ET)

Fulvestrant + Capivasertib

Exemestane (Fulvestrant) + Everolimus

Fulvestrant + Alpelisib (in PIK3CAmut)

Elacestrant (in ESR1mut)

Olaparib – Talazoparib in gBRCA1/2mut

ADCs

Bidard FC et al. J Clin Oncol 40:3246-3256; Martin M. ESMO 2022; Oliveira M SABCS 2022

Non-candidates to ET 
(monotherapy)



Modified Hugo SABCS 2023

Individual patient-level analysis from the Mammella Intergruppo (MIG) 
and Grupo Italiano Mammella (GIM) Studies (1992-2012) 



Turner SABCS2022



Turner  GS3-04, SABCS2022 N Engl J Med 2023; 388:2058-2070

CAPItello-291: Primary endpoint PFS in ITT and AKT pathway alterations 

• Visceral metastasis: 66% vs73%
• Endocrine resistance: primary 38% vs 41% secondary 61% vs 59%
• Prior ET for ABC: ≥1 90% vs 85%
• Previous CDK 4/6i for ABC: 72% vs 67%

Any AKT pathway alterations 43.7% vs 38%
• PIK3CA only 31% vs 26.1%
• PIK3CA and AKT1 0.6% vs 0.6%
• PIK3CA and PTEN 1.1% vs 1.5%
•  AKT1 only 5.1% vs 4.2%
• PTEN only 5.9% vs 4.5%



Exploratory analysis of CDK 4/6 inhibitor efficacy by PIK3CA mutation status

Modified Hope Hugo; Cristofanilli. Clin Cancer Res 2022; 28:3433. Tonaley Clin Cancer Res 2022:28;1500 

MONARCH 2 PALOMA 3



Javheri K. SABCS 2023

INAVO120: Study Design 



INAVO120: Primary endpoint PFS (investigator-assessed)  

Endocrine resistance: 
- 34% primary
- 66% secondary

High risk features:
- 48% premenopausal 
- 80% visceral mets, 50% liver mets

Javheri K. GS03-14, SABCS 2023



Javheri K. GS03-14, SABCS 2023

INAVO120: Key secondary endpoints



Adverse events from phase III trials: Inavolisib, Alpelisib and Capivasertib

Jhaveri K. SABCS2023; Andre F. N Eng J Med 2019; Turner N. N Engl J Med 2023 



Timeline of Targeted Therapies Approval for HR+ HER2- 
Metastatic Breast Cancer

Werutsky, G. Unpublished



OBRIGADO
@GWerutsky

@drgustavowerutsky

Gustavo Werutsky

gustavo.werutsky@lacogcancerresearch.org



Exploratory analysis of CDK 4/6 inhibitor efficacy by PIK3CA mutation 
status

Modified Hope Hugo; Cristofanilli. Clin Cancer Res 2022; 28:3433. Tonaley Clin Cancer Res 2022:28;1500 



Serious AE: 24.1% vs 10.5%
AE leading to discontinuation of treatment: 6.8% vs 0.6%
AE leading to dose modification/ interruption of treatment: 82.7% vs 74.7%

Javheri K. GS03-14, SABCS 2023



San Antonio Breast Cancer Symposium®, December 6–10, 2022

Prior treatments

Overall population AKT pathway-altered population

Characteristic Capivasertib + 

fulvestrant (N=355)

Placebo + 

fulvestrant (N=353)

Capivasertib + 

fulvestrant (N=155)

Placebo + 

fulvestrant (N=134)

Prior endocrine 

therapy for ABC; 

n (%)

0

1

2

40 (11.3) 

286 (80.6) 

29 (8.2) 

54 (15.3) 

252 (71.4) 

47 (13.3) 

14 (9.0) 

130 (83.9) 

11 (7.1) 

20 (14.9) 

96 (71.6) 

18 (13.4) 

Previous CDK4/6 inhibitor for ABC; n (%) 245 (69.0) 244 (69.1) 113 (72.9) 91 (67.9)

Previous 

chemotherapy; n (%)

Adjuvant/neoadjuvant

ABC
180 (50.7) 

65 (18.3)

170 (48.2) 

64 (18.1)

79 (51.0) 

30 (19.4)

67 (50.0)

23 (17.2)

AKT pathway alteration status was determined centrally using next-generation sequencing in tumor tissue with the 

FoundationOne®CDx assay (and Burning Rock assay in China) 

Alteration; n (%) Capivasertib + fulvestrant (N=355) Placebo + fulvestrant (N=353)

Any AKT pathway alteration 155 (43.7) 134 (38.0)

PIK3CA

Any
PIK3CA only
PIK3CA and AKT1
PIK3CA and PTEN

116 (32.7)
110 (31.0)

2 (0.6)
4 (1.1)

103 (29.2)
92 (26.1)

2 (0.6)
9 (2.5)

AKT1 only 18 (5.1) 15 (4.2)

PTEN only 21 (5.9) 16 (4.5)

Turner  GS3-04, SABCS2022



San Antonio Breast Cancer Symposium®, December 6–10, 2022

Adverse events of any grade related to rash (group term including rash, rash macular, maculo-papular rash, rash papular and rash pruritic) were reported in 38.0% of the patients in the capivasertib + fulvestrant arm (grade ≥3 in 12.1%) and in 7.1% of 

those in the placebo + fulvestrant group (grade ≥3 in 0.3%). †All events shown were Grade 3 except one case of Grade 4 hyperglycemia in the capivasertib + fulvestrant arm. 

This presentation is the intellectual property of the author/presenter. Contact them at nick.turner@icr.ac.uk for permission to reprint and/or distribute. 
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Nausea
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Vomiting

Headache
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Rash maculo-papular

Stomatitis

Asthenia

Pruritus

Anemia

Urinary tract infection

Adverse events (>10% of patients) – overall population

The adverse event profile was 

comparable in the AKT 

pathway-altered population 

Percentage of patients (%)

72.4/9.3

34.6/0.8

22.0/5.4

20.8/0.6

20.6/1.7

16.9/0.3

16.6/0.3

16.3/2.3

14.6/2.0

13.2/1.1

12.4/0.6

10.4/2.0

10.1/1.4

20.0/0.3

15.4/0.6

4.3/0.3

12.9/0.6

4.9/0.6

6.3/0.6

12.3/0.6

3.7/0.3

4.9/0

10.3/0.6

6.6/0

4.9/1.1

6.6/0

16.1/6.2 2.6/0

Total (%)/Grade 3 (%) Total (%)/Grade 3 (%)

Capivasertib + fulvestrant (N=355)

Grade 1 Grade 2 Grade 3†

Placebo + fulvestrant (N=350)

Grade 3† Grade 2 Grade 1



THERAPEUTIC ALGORITHM IN HR+/HER2- MBC

Non-approved medication information in Japan is contained in this slide.

Targeted therapies and associated biomarker in HR+/HER2- MBC



Phase 3 oral SERDs clinical trials with available results

N=303 N=477

N=372

https://clinicaltrials.gov/ct2/show/NCT04059484 (Accessed May 2022.)

Bidard FC, Kaklamani VG, Neven P et al. JCO 2022. DOI: 10.1200/JCO.22.00338

giredestrant
30 mg QD

Physician’s choice ET 
(fulve/AI)

ER+HER2- mBC

˃ 1 or 2 prior lines of 
systemic therapy in 
adv/met setting: one must 
be ET (≥6 mo), ≤1 
targeted agent, chemo 
allowed

ER+HER2- mBC

˃ ≤1 prior chemotherapy or 
targeted therapy for 
advanced/metastatic 
disease

˃ Prior CDK 4/6 therapy if 
approved and available

˃ Progression on endocrine 
therapy*

amcenestrant
400 mg once daily

Physician’s choice ET

(fulve/tam/AI)

R
1:1

R
1:1

R
1:1

ER+HER2- mBC

˃ 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

elacestrant 
400 mg QD c

Physician’s choice ET

(fulve or AI)

EmeraldacelERA

Ameera-3

Phase II Phase III

https://clinicaltrials.gov/ct2/show/NCT04059484


SERD Giredestrant Elacestrant Amcenestrant Camizestrant Imlunestrant

MBC

1st  line
(combo with CDK4/6)

Ph 3

PersevERA
(Gire+palbo vs let+palbo)

--

AMEERA-5
(Amce+palbo vs 

letro+palbo)

SERENA-4,
(cami+Palbo vs 

ana+palbo)
SERENA-6

(cami+Pablo, in ESR1)

EMBER 1
(imlune; imlune+ abema; 

imunle+abema+/-AI)

2nd line
(single agent, 
Post CDK4/6)

AccelERA
(gire vs Ful/AI)

evERA
(gire+everolimus)

EMERALD 
(Ela vs Ful/AI)

AMEERA-3
(amce vs Ful/AI/Tam)

SERENA-2
(cami vs fulv)

EMBER3
(Imlune vs Exe/Fulv vs 

Imlune+Abema)

EBC

Neoadjuvant
WoO 

phase 1, 2 studies

CoopERA
(gire vs anastr)

ELIPSE
(ph1; elace)

AMEERA-4
(amce vs letro)

I-SPY EOP 
(amce+/-abema)

SERENA -3
(cami vs fulv)

EMBER-2
(ph1, imlune)

Adjuvant
Phase 3

LidERA
(gire vs AI/Tam)

--
AMEERA-6

(amce vs Tam)- 
In patients who discount AI

--

EMBER-4
 (ph3, imlune vs PCE)

In pts who have received ET for 3-5 
years, based on rising ctDNA

Overview of clinical trials with selected SERDs in development



Overview of primary analysis results in ER+HER2- MBC
with single agent oral SERDs

* Sanofi announced in August 2022 that the amcenestrant clinical development programme will be discontinued.4

1°, primary; BC, breast cancer; CI, confidence interval; EP, endpoint; HR, hormone receptor; ITT, intention-to-treat; mBC, metastatic breast cancer; mo, months; mPFS, median progression-free survival; PCET, physician’s 
choice of endocrine therapy; PFS, progression-free survival; SERD, selective oestrogen receptor degrader.
1. Martin M, et al. ESMO 2022 (Abstract 211MO; mini oral presentation); 2. Tolaney SM, et al. ESMO 2022 (Abstract 212MO; mini oral presentation); 3. Bidard F-C, et al. J Clin Oncol 2022; 4. 
https://www.sanofi.com/en/media-room/press-releases/2022/2022-08-17-05-30-00-2499668 (accessed August 2022).

acelERA BC1 
1° EP: PFS (ITT)

EMERALD3

Co-1° EP: PFS (ITT)

Hazard ratio: 0.81

mPFS Δ: 0.2 mo

• mPFS was comparatively low in AMEERA-3 and EMERALD due to differences in patient populations; 
79% of patients in AMEERA-3, and all patients in EMERALD, had received prior CDK4/6i (42% in acelERA BC)

• PFS benefit in subgroups was generally consistent with the ITT population in all three studies

Giredestrant

(n = 151)
PCET

(n = 152)

95% CI for hazard ratio 0.60, 1.10

P value 0.176

mPFS, mo 5.6 5.4

Amcenestrant

(n = 143)
PCET

(n = 147)

95% CI for hazard ratio 0.79, 1.40

P value 0.644

mPFS, mo 3.6 3.7

Elacestrant

(n = 239)
PCET

(n = 238)

95% CI for hazard ratio 0.55, 0.88

P value 0.0018

mPFS, mo 2.8 1.9
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Hazard ratio: 0.70

mPFS Δ: 0.9 mo
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A significant PFS benefit was seen in the ESR1-mutated population of 
EMERALD; a benefit trend was observed in acelERA BC and AMEERA-3

* Sanofi announced in August 2022 that the amcenestrant clinical development programme will be discontinued.7

1° primary; 2°, secondary; BC, breast cancer; EP, endpoint; mo, months; mPFS, median progression-free survival; PCET, physician’s choice of endocrine therapy; PFS, progression-free survival; SERD, selective oestrogen receptor degrader.
1. Martin M, et al. ESMO 2022 (Abstract 211MO; mini oral presentation); 2. Tolaney SM, et al. ESMO 2022 (Abstract 212MO; mini oral presentation); 3. Bidard F-C, et al. J Clin Oncol 2022; 4. Jhaveri KL, et al. ASCO 2021 (Abstract 1017; poster); 5. 
Turner N, et al. SABCS 2021 (Abstract PD-13-07; poster); 6. Miller WR & Larionov AA, Breast Cancer Res 2012; 7. https://www.sanofi.com/en/media-room/press-releases/2022/2022-08-17-05-30-00-2499668 (accessed August 2022).

acelERA BC1 
2° EP: PFS (ESR1mut)

EMERALD3

Co-1° EP: PFS (ESR1mut)

• Giredestrant and elacestrant had comparable PFS hazard ratios vs. PCET in ESR1-mutated subpopulations; 

the hazard ratio for amcenestrant was notably higher

• Oral SERDs target both oestrogen-dependent and -independent activity,4,5 whereas AIs target oestrogen-dependent 

activity only6

Hazard ratio: 0.60

mPFS 5.3 vs. 3.5 mo 

(Δ: 1.8 mo)
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