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Learning Objectives 

• Identify role of PARP inhibitors in management of metastatic breast 
cancer 

• Discuss ongoing clinical trials with PARP inhibitors in early stage 
breast cancer and combination with other classes of drugs



How Common Are BRCA Mutations?

• General population (not AJ): ~ 1 in 400 (~ 0.25%)
• Women with breast cancer (any age): 1 in 50 (2%)

• Women with breast cancer (younger than 40 yrs): 1 in 10 (10%)

• Men with breast cancer (any age): 1 in 20 (5%)

• Women with ovarian cancer (any age): 1 in 8 to 1 in 10 (10% to 
15%)

• General AJ population: 1 in 40 (2.5%)
• AJ women with breast cancer (any age) 1 in 10 (10%)

www.cancer.gov/types/breast/hp/breast-ovarian-genetics-pdq. 

http://www.cancer.gov/types/breast/hp/breast-ovarian-genetics-pdq


HRD and BRCA Mutations



HR-Deficient Cells Are More Susceptible to PARP 
Inhibition

Rowe. Breast Cancer Res. 2010;12:203. 



PARP Inhibitors Target Tumors With Defects in 
Homologous Recombination

Lord. Science. 2017;355:1152. 



FDA-Approved PARP inhibitors for Metastatic 
Breast Cancer with germline BRCA

• Olaparib—approved in 1/2018 as a single agent for gBRCA-mutated HER2-
negative metastatic breast cancer (ER+ or TNBC) 

• Talazoparib—approved in 10/2018 as a single agent for gBRCA-mutated HER2-
negative metastatic breast cancer (ER+ or TNBC)



OlympiAD: Olaparib vs Chemotherapy in 
HER2-Negative MBC

Robson. NEJM. 2017;377:523. Robson. AACR 2018. Abstr CT038. 



OlympiAD: PFS (Primary Endpoint)

Robson. NEJM. 2017;377:523. 



Robson. NEJM. 2017;377:523. 

OlympiAD: PFS Subset Analysis



OlympiAD: OS Analysis

Robson. Ann Oncol 2019:30: 558-566.



OlympiAD: OS for ER/PR and TNBC 

Robson. Ann Oncol 2019:30: 558-566.



OlympiAD: OS by Prior Chemotherapy With Olaparib vs CT 
in HER2-Negative MBC With gBRCA Mutation 

Robson. Ann Oncol 2019:30: 558-566.



OlympiAD: OS Subset Analysis

Robson. Ann Oncol 2019:30: 558-566.



OlympiAD: Overall Response 

Robson. NEJM. 2017;377:523.



OlympiAD: Adverse Events

Robson. AACR 2018. Abstr CT038.



OlympiAD: Time to Deterioration of Global HRQoL

Robson. ESMO 2017. Abstr 290P. Robson. NEJM. 2017;377:523.



EMBRACA: Talazoparib vs Chemotherapy in Advanced 
BRCA1/2-Positive, HER2-Negative Breast Cancer

Litton. NEJM. 2018;379:753.



EMBRACA: PFS (Primary Endpoint)

Litton. NEJM. 2018;379:753.



EMBRACA: PFS by Patient Subgroup

Litton. NEJM. 2018;379:753.



EMBRACA: OS Analysis 

Litton. NEJM. 2018;379:753.



EMBRACA: Adverse Events 

Litton. NEJM. 2018;379:753.



EMBRACA: Time to Deterioration of Global HRQoL

Ettl. Ann Oncol. 2018;29:1939.





Future Directions of PARP Inhibitors in Management 
Of Breast Cancer

▪ Early stage breast cancer
• Neoadjuvant (MDACC, NEOTALA, PARTNER)

• Adjuvant (OlimpiaA)

▪ Combination therapy
• With chemotherapy (BROCADE3)

• With checkpoint inhibitors  (TOPACIO, MEDIOLA)

• With other agents 

▪ Expanding beyond germline BRCA mutation (LUCY, RUBY)



Neoadjuvant PARP Inhibitor Trials in Breast Cancer

1. Rugo. NEJM. 2016;375:23. 2. Loibl. Lancet Oncol. 2018;19:497. 3. Litton. NPJ BC. 2017;3:49. 4. Litton. ASCO 2018. Abstr 508. 



Talazoparib as Neoadjuvant Treatment for gBRCA
Mutation-Positive Early TNBC (NEOTALA)

NCT03499353.



Neoadjuvant Platinum-based CT + Olaparib in TNBC 
and/or gBRCA Mutation–Positive EBC (PARTNER)

NCT03150576.



Olaparib vs Placebo as Adjuvant Therapy in 
HER2-/gBRCA Mutation-Positive EBC (OlympiA)

NCT02032823.



Carboplatin/Paclitaxel ± Veliparib in HER2-Negative 
Metastatic/Locally Adv BRCA-Associated BC (BROCADE-3)

Dieras V.  Presented at ESMO 2019.



BROCADE-3: PFS (Primary Endpoint)

Dieras V.  Presented at ESMO 2019.



BROCADE-3: OS (Interim Analysis)

Dieras V.  Presented at ESMO 2019.



BROCADE-3: Adverse events

Dieras V.  Presented at ESMO 2019.





Niraparib + Pembrolizumab in Platinum-
Resistant OC and Advanced TNBC (TOPACIO)

Vinayak. ASCO 2018. Abstr 1101.



TOPACIO: Best Overall Tumor Responses in Patients 
With Advanced TNBC 

Vinayak S. JAMA Oncology August 2019. 5: 1332-1140.



TOPACIO: Response Rates in Biomarker-Defined, 
Efficacy-Evaluable Population

Vinayak S. JAMA Oncology August 2019. 5: 1332-1140.



TOPACIO: Adverse Events

Vinayak S. JAMA Oncology August 2019. 5: 1332-1140.



Combination Therapy: PARP Inhibition Plus Other 
Targeted Agents



Liu JF.  Ann Oncol. 2019 Apr 1;30(4):551-557. 



Olaparib for HER2-Negative MBC With Deleterious 
Germline or Somatic BRCA1/2 Mutations (LUCY)

NCT03286842. Gelmon. ESMO 2018. Abstr 367TiP.



Rucaparib in MBC Patients With BRCAness
Genomic Signature (RUBY)

NCT02505048.





Conclusions

• PARP inhibitors Olaparib and Talazoparib are approved for metastatic 
germline BRCA-mutated, HER2-negative breast cancer.

- Olaparib and Talazoparib have meaningful clinical benefit with overall 
less toxicity and improved QOL compared to standard single agent 
chemotherapy

- Patients without prior exposure to chemotherapy in metastatic setting 
have the highest benefit.

• Clinical trials using PARP inhibitors in neoadjuvant and adjuvant setting, as 
well as combination with chemotherapy, targeted agents and immune 
checkpoint inhibitors are ongoing. 



Thank you











BRE09–146 trial:  Rucaparib

• N=135

• Randomized patients with TNBC with residual disease after NACT to 
Cisplatin or Cisplatin and Rucaparib.

• 2-year DFS was 67% for the combination and 60% for Cisplatin alone, 
not statistically significant



Early PARP Inhibitor Trials in Breast Cancer
Study Treatment N BRCA1/2 Mutation Status TNBC, % Response

Fong[1]

Olaparib (phase I; 
multiple tumor 

types)
60 BRCA1/2: 37% N/A

CBR: 63% (in 
19 patients with 
BRCA-associated 

cancers)

ICEBERG 1[2] Olaparib 400 mg 
PO BID

27 BRCA1/2: 67%/33% 50 41%

Isakoff[3] Veliparib + 
temozolomide

41 BRCA1/2: 7.3%/12.0% 56
BRCA1/2: 37.5%

WT BRCA: 0%

Kaufman[4] Olaparib 400 mg 
PO BID

62 BRCA1/2: 60%/40% 48
Tumor response: 

12.9%

Gelmon[5]
Olaparib 400 MG 

PO BID
26

TNBC: 16

gBRCA: 10

gBRCA: 50%
WT BRCA: 100%

WT BRCA: 0%

1. Fong. NEJM. 2009;361:123. 2. Tutt. Lancet. 2010;376:235. 3. Isakoff. ASCO 2010. Abstr 1019. 
4. Kaufman. JCO. 2015;33:244. 5. Gelmon. Lancet Oncol. 2011;12:852. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


• DNA damage response pathways being targeted in the clinic. Specific types of DNA damage — mismatches due to replication, single- strand DNA 
breaks (SSBs) or double- strand DNA breaks (DSBs) — result in the activation of specific signalling and repair cascades. DNA damage response (DDR) 
pathways mitigate replication stress and repair DNA ; thus, deficiencies in these pathways result in the accumulation of SSBs and DSBs and increased 
immunogenicity owing to the generation of neoantigens from mutant proteins. Poly(ADP- ribose) polymerase (PARP) enzymes are key to activating a 
host of downstream repair mechanisms and are primary proteins involved in SSB repair or base- excision repair (BER). The repair of DSBs occurs 
predominately through the rapid, error- prone non- homologous end joining  (NHEJ) repair pathway in conjunction with the much slower higher-
fidelity , error- free homologous recombination (HR) repair pathway. DNA replication is a necessary component of DNA repair and thus cell cycle 
regulation and replication stress responses are intertwined with DDR pathways. The kinases ATR and ATM have crucial roles in DDR signalling and in 
maintaining replication fork stability , while also working together via their downstream targets, CHK1 and CHK2, respectively , to regulate cell cycle 
control checkpoints. The kinase activity of DNA- PK is essential for NHEJ and V(D)J recombination. WEE1 is a distinct nuclear kinase that regulates 
mitotic entry and nucleotide pools in coordination with DDR . Drugs targeting these key components of the DDR pathways that are undergoing clinical 
testing are indicated. ATRIP, ATR- interacting protein; EXO1, exonuclease 1; H2AX, histone H2AX; MRN, MRE11, RAD50 and NBS1 complex; POLB, DNA 
polymerase- β; RPA , replication protein A ; TOPBP1, DNA topoisomerase 2-binding protein.









Where are we going next?

• With PARP inhibitors now approved, there’s a lot of interest in expanding the reach of PARP inhibitors outside of patients with 
germline BRCA mutations and also improving the response in patients with BRCA mutations. The OLYMPIA adjuvant trial 
completed accrual this year, so we will be looking for that. There’s really intriguing data in the neoadjuvant setting with single-
agent talazoparib in patients with germline BRCA mutations, and a phase II trial is now going on with high pCR rates with 
talazoparib alone. OLYMPIA, of course, is looking at adjuvant olaparib in patients with germline BRCA mutations, which is a much 
larger trial. It is really exciting to see that complete accrual now.

• Combining PARP inhibitors with chemotherapy was presented at ESMO this year, showing improvement in PFS in the second 
progression after randomization with the addition of the fairly less potent PARP inhibitor veliparib to carboplatin and paclitaxel. I 
think the reason they could add it was because it doesn’t cause as much bone marrow toxicity. There was a marked increase in the
rate of grade 3 thrombocytopenia with the addition of veliparib, but otherwise, the toxicities were relatively similar. What happens 
in terms of long-term data will really determine how we use that combination, but what’s intriguing to me is the concept of getting 
an induction with chemotherapy plus or minus a checkpoint inhibitor, then maybe using the PARP inhibitor combined with 
immunotherapy as maintenance. This is actually similar to what’s being done in ovarian cancer, and there are very interesting data 
from the laboratory suggesting that the combination of PARP inhibitors and checkpoint inhibitors will enhance the efficacy of
checkpoint inhibitors. PARP inhibitors increase the immune responsiveness of the tumor microenvironment by a variety of 
mechanisms, so there are actually a number of studies going on looking at those combinations as well with some early 
encouraging data.

• There’s also a lot interest in PARP inhibitors, as I mentioned, looking at homologous recombination defect type testing to see 
whether or not that can help determine the benefit of combining a PARP with immunotherapy, but these are all approaches for 
the future.

•



PARP Inhibitor and Homologous Recombination

O’Connor. Mol Cell. 2015;60:547.



Replication Lesions

▪ Base excision repairr

• PARP1

Mechanisms of DNA Repair

Double Strand Breaks

• Nonhomologous end-joining

• Homologous recombination

• BRCA1/BRCA2

• Fanconi anemia pathway

• Endonuclease-mediated repair

Single Strand Breaks

• Nucleotide excision repair

• Base excision repair

• PARP1

DNA DAMAGE

Cell Death

Environmental factors

(UV, radiation, chemicals)

Normal physiology

(DNA replication)

MAJOR DNA REPAIR
PATHWAYS

Chemotherapy

(alkylating agents, antimetabolites)

Radiotherapy

DNA Adducts/Base Damage 

▪ Alkyltransferases

▪ Nucleotide excision repair

▪ Base excision repair

• PARP1

Helleday. Nat Rev Cancer. 2008;8:193.



PARP inhibitors: Mechanisms of Action

Armstrong AC. Future Oncol. (2019)15(20),2327–2335. 



Inhibition of PARP Catalytic Activity

Helleday. Nat Rev Cancer. 2008;8:193.



How Do PARP Inhibitors Kill Tumor Cells With 
Homologous Recombination Deficiency? 

Konstantinopoulos. Cancer Discov. 2015;5:1137.



Mechanisms of Synthetic Lethality Based on 
Catalytic Inhibition of PARP1

Konstantinopoulos. Cancer Discov. 2015;5:1137. 



PARP-DNA Trapping by PARP Inhibitors

• PARP inhibitor traps PARP1 on DNA

• Homologous recombination required 
to bypass lesion

- In HR-deficient cell, trapped PARP 
causes DNA damage and cell death

- Mechanism is reminiscent of 
conversion of topoisomerase I into a 
poison by topoisomerase I inhibitors

Konstantinopoulos. Cancer Discov. 2015;5:1137. 


