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Overview

• Advanced breast cancer (ABC): 60-75% ER positive

• Higher ER pos with age

• ER + ABC cell proliferation driven by ER mediated gene 
transcription, a  “SURVIVAL” pathway

• Endocrine therapy (ET) represents therapeutic 
backbone

• Eventual ET resistance limits therapeutic options



Outline

• ET monotherapy

• ET combination therapy: CDK 4/6, mTORi, PI3Ki, HDACi



Treatment Considerations

• Minimize toxicity

• Maintaining QOL

• Urgency for response

• Duration of or prior exposure to endocrine therapy (ET)

• Duration of prior DFI

• Sites of disease

• Comorbidities

• Patient access, cost of drugs

• ET resistance



ET Agents

Agents Mechanism Indication AEs

LHRH antagonists:
Goserelin
Leuprolide

Blocks ovarian function 
and production of 
estrogen

Palliative treatment of ABC in 
pre- and perimenopausal 
women

DUB, hot flushes, HA, 
sweating, acne, emotional 
lability, depression decreased 
libido, tumor flare

Selective ER Modulators:
Tamoxifen
Toremifene

Competitive inhibitors of 
estrogen, bind directly to 
ER on BC cells

Treatment for ER pos ABC 
women, men

Hot flashes, night sweats, 
vaginal dryness/discharge, 
bleeding, endometrial 
cancer, DVT

Aromatase Inhibitors
Nonsteroidal:
Anastrozole
Letrozole

Steroidal:
Exemestane

Decrease amount of 
estrogen in post-
menopausal women by 
blocking conversion of 
androgens to estrogen; 
steroidal AI substrates bind 
irreversibly

1st line treatment for ER 
positive ABC

Musculoskeletal symptoms, 
hot flashes, vaginal dryness, 
bone loss, edema, headache, 
dizziness, hyperlipidemia, 
increased seating, increased 
appetite (exemestane)

Selective ER Degrader:
Fulvestrant

Binds competitively to ER, 
inhibits ER dimerization 
and translocation to 
nucleus; accelerates ER 
degradation

ER pos ABC with PD following 
antiestrogen therapy

Injection site pain, nausea, 
bone pain, arthralgia, 
headache, fatigue, hot 
flashes, anorexia, asthenia, 
increased LFT’s



ET Monotherapy in ABC



ET Monotherapy Trials: AI Vs Tam in ABC

EXE 25 mg  vs. Tam 20 mg ANA 1 mg  vs. Tam 20 mg LET 2.5 mg  vs. Tam 20 mg

Patients, n 182 198 511 510 458 458

CR +PR 44% 29% 29% 27% 30 20

CR+PR+SD 57% 52% 49 38

Med. TTP 8.9 mo 5.2 mo 259 d 212 d 41 wk 26 wk



ET: Tam Plus Ovarian Suppression

PFS OS

Klijin, J Clin Oncol 19:343-353. 2001



FIRST Trial: SERD vs. AI



FIRST Trial: Subgroup Analysis

Ellis MJ JCO 2015



SERD vs. AI: FALCON



ET Resistance

• Resistance caused by:

– Loss of ER expression and/or function

– Loss of PR expression

– Loss of ER dependence

– ESR1 mutation

– Constitutive PI3K activation

– NF1 mutation



ESR1 Mutation

• Acquired mutation in gene encoding ER-α

• Most frequent mutations are activating and occur in ligand 
binding site

• <1% of treatment naïve primary tumors

• Acquired in up to 39% of patients who progress on Ais

• Associated with poor response to AI, shorter survival



ESR1 Mutation Affects ET Response

SoFEA Trial PALOMA-3



ET: Combination Therapy

• ET plus CDK 4/6i

• ET plus mTORi

• ET plus novel agents



ET: Combination Therapy

Loss of cell cycle regulation leads to uncontrolled cellular proliferation



PALOMA-1

Randomized, phase II study, previously untreated postmenopausal woman with ER+ ABC



PALOMA-1

Randomized, phase II study, previously untreated postmenopausal woman with ER+ ABC



PALOMA-2



PALOMA-3



PALOMA-3



CDK 4/6i: Ribo and Abemaciclib

Ribociclib: MONALEESA Abemaciclib: MONARCH



CDK 4/6 Trial Results

Trial Line of 
Tx

Patients Treatment HR for PFS Median PFS, 
months

ORR

PALOMA-2 1 666 Palbociclib/letro vs 
placebo/letro

0.58 24.8 vs 14.5 42.1 vs 34.7

PALOMA-3 1 521 Palbociclib/fulvestrant vs. 
placebo/fulvestrant

0.46 9.5 vs 4.6 19 vs 8

MONALEESA-2 1 668 Ribociclib/NSAI v 
placebo/NSAI

0.56 NR vs 14.7 40.7 vs 27.5

MONARCH-3 1 493 Abemaciclib + NSAI vs 
placebo+ NSAI

0.54 NR vs 14.7 59 vs 44

MONARCH-2 1 or 2 669 Abemaciclib + Fulvestrant vs 
placebo+ Fulvestrant

0.55 16.4 vs 9.3 48.1 vs 21.3



CDK 4/6i AE’s

PALOMA-2 PALOMA-3 MONALEESA-2 MONARCH-3 MONARCH-2

Grade (%) Grade (%) Grade (%) Grade (%) Grade (%)

Adverse Event All 3 4 All 3 4 All 3 4 All 3 4 All 3 4

Rash 18 1 -- NR NR NR 17 0.6 -- NR NR NR 11 1 0

Fatigue 37 2 -- 38 2 -- 37 2 0.3 40 2 -- 40 2.7 --

Diarrhea 26 1 -- 19 -- -- 35 1.2 -- 81 9.5 -- 86 13 0

Nausea 35 <1 -- 29 -- -- 51 2.4 -- 38 0.9 -- 45 2.7 --

Dec appetite 15 1 -- 13 0.9 -- 19 1.5 -- 25 1.2 -- 27 1.1 0

Neutropenia 80 56 10 79 53 9 74 50 9.6 41 19 1.5 46 24 2.9

Anemia 24 5 <1 26 2.6 0 19 0.9 0.3 28 5.8 -- 29 7 0.2

Thrombocytopenia 16 1 <1 19 1.7 0.6 9 0.6 -- NR NR NR 16 2 1.4

Alopecia 33 -- -- 15 -- -- 33 -- -- 26 -- -- 15 -- --

QTC prolongation -- -- 3.3 -- --

Inc Creatinine -- -- -- 19 2.1 -- 12 0.9 0

VTE/PE 2 2



CDK 4/6i: Trial Inclusion Criteria

PALOMA-2 PALOMA-3 MONALEESA-2 MONARCH-3 MONARCH-2

Criteria (%) (%) (%) (%) (%)

Menopause status

Pre/perimenopausal 0 21 0 0 16

Postmenopausal 100 79 100 100 83

DFI

De novo metastatic 38 0 34

<12 months 22 5 1 TFI <36: 28

>12 months 40 95 65 TFI>36: 62

Prior NAC 48 40 44 40 60

Prior Tx of ABC 0 38 0 0 38



MONALEESA-7: Premenopausal women



MONALEESA-7



CDK 4/6 AE’s: Monitoring



CDK 4/6: Dosing for Neutropenia

CDK 4/6 i GRADE 1 or 2 (ANC 
1000-<LLN)

Grade 3 (ANC 500-
1000)

Grade 3 with Febrile 
Neutropenia

Grade 4 (ANC<500)

Palbociclib:
CBC at baseline, day 
1 each cycle, day 14 
of cycles 1,2

No dose adjustment Interrupt until grade 
2, resume at lower 
dose level

Interrupt until 
ANC>1000, resume 
at lower dose level

Interrupt until 
ANC>1000, resume 
at lower dose level

Ribociclib:
CBC at day 0, every 
2 weeks for cycles 
1,2 then every 4 
weeks

No dose adjustment Interrupt until 
ANC>1000, resume 
at lower dose

Interrupt until 
ANC>1000, resume 
at lower dose

Interrupt until 
ANC>1000, resume 
at lower dose level

Abemaciclib:
CBC day 0, every 2 
weeks x 2 months, 
then monthly

No dose adjustment Interrupt until ANC 
>1000, resume at 
prior dose

No 
recommendation

Interrupt until 
ANC>1000, resume 
at lower dose level



CDK 4/6: Abemaciclib-Associated Diarrhea

At first sign of loose stools, start treatment with anti-motility agent, increase oral fluid intake.

Grade 1 No dose modification

Grade 2 If diarrhea dose not resolve to grade 1 in 24 hours, 
interrupt dose until resolution, resume at prior dose

Grade 2 that persists or recurs at initial dose despite 
maximal supportive measures

Interrupt until resolves to < grade 1, resume at next 
lower dose

Grade 3 or 4 or requires hospitalization Interrupt until resolves to < grade 1, resume at next 
lower dose



CDK 4/6, Remaining Questions

• Crossover not permitted, optimal sequencing undetermined: is 
upfront combination therapy superior to sequent ET followed by 
combination

• Quality of life indicators yet to be reported

• Overall survival benefit not yet shown in pivotal trials

• Versus chemotherapy

• Predictive biomarkers?



Pathways

Cross-talk between Estrogen (ER) and epidermal growth factor receptor (EGFR)/insulin-like growth factor 1 receptor
(IGF-1R) signaling pathway and cyclin-dependent kinase (CDK)4/6 function. 

From Springer Nature: Di Cosimo S and Baselga J. 2010.
HER2-1, human epidermal growth factor receptor 2; mTOR, mammalian target of rapamycin; PI3K, 

phosphatidylinositol 3-kinase.



ET + MTOR inhibition: BOLERO-2



ET + MTOR inhibition: BOLERO-2



TAMRAD Trial



Alpha-specific PI3Ki

• SOLAR-1: phase III: Alpelisib + Fulvestrant, PD after prior AI

• SANDPIPER: phase III: Taselisib + Fulvestrant, PD after prior AI



SOLAR-1



HDAC Inhibitors

• Potential mechanism of ET 
resistance is transcriptional 
repression of ER by HDAC 

• HDACi lower ER suppression 
transcription, degrade cyclin D1

• HDACi (vorinostat, entinostat) plus 
AI under study

ENCORE301. Yardley, JCO 2013



SWOG S0226



SWOG S0226



SWOG S0226



Conclusions

• CDK 4/6 inhibitors with standard ET are the standard of care for 
ER positive MBC patients.

– Increased response rate and PFS in all patient subgroups

– Acceptable toxicity profile

– No survival benefit demonstrated yet

• Role of everolimus after CDK 4/6 failure unclear

• CDK 4/6 versus upfront chemotherapy in visceral crisis

• Utility in patients with CNS metastases

• Future: PI3Kalpha, aurKi



COH Portfolio

1st line ER positive MBC: 
standard CDK 4/6 plus AI

IRB 19096: Progression <12 
months: Aurora Kinase A 
inhibition with or without 

continuation of ET

IRB 19090: Progression >12 
months: ESR 1 mutation 
positive: Faslodex versus 
oral SERD, Lasofoxifene

IRB 18248: Progression: Oral 
SERD, Zn-c5

IRB 16058:Palbo/Letrozole/

Pembrolizumab
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