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Targeted 
Therapies



Targeting the ER pathway



Palbociclib

Abemaciclib

Ribociclib

CDK4/6 Regulates Cell Cycle Progression

M, mitosis; Rb, retinoblastoma.
Adapted from Finn et al, 2016.

Presenter Notes
Presentation Notes
The estrogen receptor makes a protein called cyclin D which binds to CDK 4 & 6 and this combination drives the cell cycle. So, when you block the estrogen receptor and inhibit the CDK complex, you significantly decrease the estrogen driven growth of the cell cycle for breast cancer. 



Phase III trials with CDK4/6 Inhibitors: 
1st Line Endocrine Sensitive MBC

1. Finn RS, et al. N Engl J Med. 2016;375(20):1925-1936.           2. Hortobagyi G, et al. ASCO 2017. Poster 1038.         3. Goetz MP et al, proc AACR 2018
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mPFS: 24.8 mo

(22.1–NE)

PBO+LET
mPFS: 14.5 mo

(12.9–17.1)

∆mPFS=10.3 months

RIBO+LET
mPFS: 25.3 mo

(23.0–30.3)

PBO+LET
mPFS: 16.0 mo

(13.4–18.2)

∆mPFS=9.3 months
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Presenter Notes
Presentation Notes
The estrogen receptor makes a protein called cyclin D which binds to CDK 4 & 6 and this combination drives the cell cycle. So, when you block the estrogen receptor and inhibit the CDK complex, you significantly decrease the estrogen driven growth of the cell cycle for breast cancer. 



PALOMA-2 MONALEESA-2

MONALEESA-3

MONALEESA-7

MONARCH 3

MONARCH 2

1st Line

2nd Line

Palbociclib Ribociclib Abemaciclib

PALOMA-3



Line Study Name Endocrine Agent CDK4/6i PFS HR

1st

PALOMA-1
Lancet 2015 Letrozole Palbociclib 10.2m  20.2m 0.49

PALOMA-2
NEJM 2016 Letrozole Palbociclib 14.5m  24.8 m 0.58

MONALEESA-2
NEJM 2016 Letrozole Ribociclib 14.5m  ~26m 0.56

MONALEESA-7*
SABCS 2017 Letrozole + OFS Ribociclib 13.0m  23.8m 0.55

MONARCH 3
JCO 2017 NSAI Abemaciclib 14.7m  NR 0.54

2nd

PALOMA-3
NEJM 2015 Fulvestrant Palbociclib 3.8m  9.2m 0.42

MONALEESA-3
ASCO 2018 Fulvestrant Ribociclib 12.8m  20.5m 0.59

MONARCH 2
JCO 2017 Fulvestrant Abemaciclib 9.3m  16.4m 0.55

MONARCH 2*
ASCO 2018 Fulvestrant + OFS Abemaciclib 10.5m  NR 0.45

*premenopausal women



Overall Survival Benefit with CDK4/6 Inhibitors for 
ER-Positive, HER2-Negative Metastatic Breast Cancer

• MONALEESA-7: Ribociclib + endocrine therapy
• HR (95% CI): 0.763 (0.608-0.956); Months: 58.7 vs 48.0

• MONALEESA-3: Ribociclib + fulvestrant
• HR (95% CI): 0.726 (0.588-0.897); Months: 53.7 vs 41.5

• MONALEESA-2: Ribociclib + Letrozole
• HR (95% CI): 0.76 (0.63-0.93); Months: 63.9 vs 51.4

• MONARCH 2: Abemaciclib + fulvestrant
• HR (95% CI): 0.757 (0.606-0.945); Months: 46.7 vs 37.3

• PALOMA-3: Palbociclib + fulvestrant
• HR (95% CI): 0.81 (0.65-0.99); Months: 34.8 vs 28.0



PI3K/AKT/mTOR pathway



Everolimus: Mammalian target of rapamycin (mTOR) inhibitor



BOLERO-2 primary endpoint PFS



PI3K Inhibitors: Mechanism of Action

• PI3K is involved in the activation of Akt.

• Hyperactivation of the PI3K pathway is 
implicated in malignant transformation, 
cancer progression and endocrine therapy 
resistance.

• PIK3CA encodes the alpha isoform of the 
PI3K catalytic subunit.

• Around 40% of patients with HR+, HER- BC 
present with an activating PIK3CA tumor 
mutation.

• Alpelisib is a specific inhibitor of the PI3K 
alpha isoform.

André F et al. ESMO 2018;Abstract LBA3_PR.



SOLAR-1 Phase III Study Design

Primary endpoint:  PFS in PIK3CA mutation cohort

André F et al. ESMO 2018;Abstract LBA3_PR.

ALP 300 mg QD PO 
+ FUL 500 mg IM

n = 169

PBO 
+ FUL 500 mg IM

n = 172

1:1

R

ALP 300 mg QD PO 
+ FUL 500 mg IM

n = 115

PBO
+ FUL 500 mg IM

n = 116

R

PIK3CA 
mutation 

cohort 
(n = 341)

No PIK3CA 
mutation 

cohort 
(n = 231)

Men or postmenopausal 
women, with HR+, HER2-
advanced breast cancer
• Recurrence/progression 

on/after prior AI

• Identified PIK3CA status 
(in archival or fresh tumor 
tissue)

• ECOG performance 
status ≤1 (N = 572)



SOLAR-1: Alpelisib Improved PFS in the PIK3CA-mutant cancers

CI, confidence interval; HR, hazard ratio; PFS, progression-free survival.
At final PFS analysis, superiority was declared if one-sided, stratified log-rank test P value was ≤ 0.0199 (Haybittle–Peto boundary).
a Mutation status determined from tissue biopsy.
1. Andre F, et al. ESMO 2018. Abstract LBA3 [oral].

HR 0.65 No benefit noted in the 
non mutant cohort



PI3K/AKT/mTOR pathway



FAKTION: Capivasertib + Fulvestrant for AI-Resistant ER-Positive, 
HER2-Negative mBC

• Phase II study of capivasertib + fulvestrant vs 
placebo + fulvestrant (N = 140)

• Relapse or progression on an AI
• Capivasertib (AZD5363): selective, oral 

AKT inhibitor
• Capivasertib + fulvestrant improved PFS in 

endocrine-resistant mBC vs placebo + 
fulvestrant

• Primary endpoint met
• Trend toward improvement in OS

• Ongoing Phase III CAPitello291 Trial
• IPATunit150: ipatasertib +/- palbociclib and 

fulvestrant

• Similar benefit was observed in patients with 
PI3K/AKT/PTEN-activated and nonactivated tumors

• 39% of patients in the capivasertib + fulvestrant
arm required dose reductions, primarily due to 
diarrhea and rash, and 12% discontinued due to 
toxicity

Jones RH, et al. Lancet Oncol 2020.

Outcome CAP + FULV
(n = 69)

PBO + FULV
(n = 71)

Median PFS, mos 10.3 4.8

HR: 0.57 
P = .0035

Median OS, mos 26.0 20.0

HR: 0.59 
P = .071



Her-2 low





•80 •T-DXd MOA, Bystander Effect, and Rationale for Targeting HER2-low 
mBC

•T-
•DXd1,2

•Neighborin 
g Tumor 

Cell •T-DXd binds to 

•HER2 

•Tumor Cell 
•Tumor 
cell 
death 

•8:1 drug-to-antibody 

•T-DXd internalized 

•Highly potent 

topoisomerase I 

inhibitor 

payload 

•ratio 
•Topoisomera
s e I inhibitor 
enters nucleus 

•Cleavable linker 
•Membrane-

permeable 

•payload results 

in bystander 
•effect

•Linker 
cleaved, 
releasing 
topoisomeras 
e I inhibitor 

•Internalization of T-DXd leads to release of the DXd 
payload and subsequent cell death in the target tumor cell 

and neighboring tumor cells through the bystander 
effect1,2

•T-DXd HER2 protein 

•Topoisomerase I inhibitor 

•payload 
•Adapted with permission from Modi S, et al. J Clin Oncol 2020;38:1887-96. CC BY ND 4.0. 

• Results from a phase 1b study have reported efficacy of T-DXd in heavily pretreated 
patients (N = 54) with HER2-low mBC, with a mPFS of 11.1 months and an ORR of 37.0%3

•HER2, human epidermal growth factor receptor 2; MOA, mechanism of action; mBC, metastatic breast cancer; mPFS, median progression-free survival; ORR, objective response rate; T-DXd, trastuzumab 
deruxtecan. 1. Nakada T, et al. Chem Pharm Bull. 2019;67:173-185. 2. Ogitani Y, et al. Clin Cancer Res. 2016;22:5097-5108. 3. Modi S, et al. J Clin Oncol. 2020;38:1887-1896. 

PRESENTED BY: 

Shanu Modi, MD 











Triple Negative Breast Cancer



Antitumor Immunity Is a Dynamic Process

Priming & activation

Cancer antigen  
presentation

Release of cancer  
cell antigens Killing of cancer cells

Recognition of cancer  
cells by T cells

Infiltration of T cells  
into tumors

Trafficking of T cells to tumors

Chen and Mellman 2013; Liakou et al. 2008; Herr and Morales 2008; Bajorin et al. 2014



•KEYNOTE 522: New standard of care for high-risk TNBC 
•Primary Endpoints Results:

• pCR: 51% vs 65%

• EFS: 77% to 85% 

•N=1174 

















PARP inhibitors

• Poly[ADP]ribose polymerase (PARP): key component of the base-
excision DNA repair pathway

• Especially effective in patients with BRCA mutations 

• Germline deleterious BRCA mutations
• General population 1 in 500
• 5% of breast cancers, 10% of ovarian, also prostate, pancreas, melanoma

DeVita V, et al. Cancer. 9th ed, 2011. Chapter 42, Poly(ADP-ribose) polymerase inhibitors.
National Comprehensive Cancer Network. Genetic/Familial High-Risk Assessment: Breast and Ovarian, version 1.2018.



PARPi Mechanism

Adapted from Livraghi L, et al. BMC Medicine. 2015;13:188.

PARPx

PARPx

PARPi

i PARPx
Replication

Fork i

HR-proficient 

HR-deficient

Repair 
cell survival

Unable to 
repair 
cell death

HR = Homologous recombination

Presenter Notes
Presentation Notes
PARP inhibitors inhibit PARP and thus the repair of SSB by BER. The unrepaired SSB can be converted to double-strand breaks (DSB) that are toxic to cells, and homologous recombination (HR) is the major pathway to repair such lesion during cell replication.



FDA Indications

Redelico T. J Adv Pract Oncol. 2019;10(4):402-8.
Abi = abiraterone, Enza = enzalutamide Bev = bevacizumab; HRD = homologous recombination deficient

Olaparib
(Lynparza®)

Rucaparib
(Rubraca®)

Niraparib
(Zejula®)

Talazoparib
(Talzenna®)

Ovarian (monotherapy) gBRCAm, 3th line BRCAm, 3rd line 4th line -

Ovarian (maint for platinum-
sensitive recurrent) Approved Approved Approved -

Ovarian 
(maint after first line platinum)

BRCAm (+/- bev) or 
HRD (+ bev) - Approved -

Breast 
(mono for gBRCAm, HER2-)

Metastatic, after 
chemo - - Metastatic or 

advanced

Pancreas (maint after first 
line platinum for gBRCAm) Approved - - -

Prostate 
(metastatic castrate-resistant) After enza or abi After enza or abi

AND docetaxel - -



• Metastatic breast cancer
• HER2–
• Germline BRCA mutation
• Prior treatment with an 

anthracycline and a taxane in 
either adjuvant or metastatic 
setting

• If ER/PR+, must have progressed 
on at least one endocrine therapy

• ≤2 prior lines of chemotherapy
R

an
do

m
iz

ed

Olaparib 300 mg PO BID

Investigator’s choice
• Capecitabine 1250 mg/m2 
PO BID x 14d q21d

• Eribulin 1.4 mg IV d1,8 q21d
• Vinorelbine 30 mg IV d1,8 q21d

2

1

Until progression or toxicity

No crossover between treatment arms
Robson M, et al. N Engl J Med. 2017; 377:523-533. 

OlympiAD



OlympiAD – Progression-Free Survival

Median PFS 7.0 
vs. 4.2 months

HR 0.58 
95% CI 0.43-0.80
P<0.001

Robson M, et al. N Engl J Med. 2017; 377:523-533. 



• Locally advanced (uncurable) 
or metastatic

• HER2 –
• Germline BRCA mutation
• Prior treatment with taxane OR 

anthracycline
• ≤3 prior lines of chemotherapy

R
an

do
m

iz
ed

Talazoparib 1 mg PO daily

Investigator’s choice
• Capecitabine
• Eribulin

2

1

Until progression or toxicity

• Gemcitabine
• Vinorelbine

Litton JK, et al. N Engl J Med. 2018; DOI: 10.1056/NEJMoa1802905.

No crossover between treatment arms

EMBRACA



EMBRACA – Progression Free Survival

Median PFS 8.6 vs. 5.6 months       HR 0.54; 95% CI 0.41-0.71; P<0.001 

Litton JK, et al. N Engl J Med. 2018; DOI: 10.1056/NEJMoa1802905.

Presenter Notes
Presentation Notes
Median f/u 11.2 monthsText for the handout:Progression-Free Survival – Figure 1Litton JK, Rugo HS, Ettl J, et al.Talazoparib in patients with advanced breast cancer and a germline BRCA mutationNew England Journal of Medicine. 2018; ePub ahead of print.DOI:10.1056/NEJMoa1802905.



Value and cost of incorporating New 
Targeted therapeutics in the Management 
of breast cancer!













Thank you
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