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Triple-negative breast cancer (TNBC) is the most aggressive breast cancer subtype

TNBC is highly invasive, exhibiting high metastatic potential, early relapse and poor outcomes

TNBC = triple-negative breast cancer. 

1. Furlanetto J and Loibl S. Breast Care (Basel) 2020;15:217–226. 2. Schrodi S, et al. Ann Oncol. 2021;S0923-7534(21)04218-6. doi: 10.1016/j.annonc.2021.08.1988 [Online ahead of print]. 3. Villegas SL, et al. Eur J Cancer 2021;148:159–170.

More likely to occur in premenopausal women aged 40–50 
years old1,2

~46% of TNBC patients will have distant metastasis.2
Median survival after metastasis is only 13.3 months

Five-year mortality rate is 30%2

TNBC accounts for 

10–15%
of all breast cancer 

cases1

§ Varies by ethnicity/race
NH White: 11%
NH Black: 26%
Hispanic: 17%



TNBC: Remains an area of unmet need

Recurrence in first 1-3 years

Dent et al Clin Cancer Res 13(15):4429-34, 2007
Seah DS et al JNCCN 12(1):71-80, 2014
Pogoda et al Med Onc 2013

TNBC represents ~15% of the 279,000 new breast cancer diagnoses in 2020

Poorest overall survival

mPFS ~3-6mo
mOS ~12mo



1. Basal-like 1: cell cycle,  
DNA repair and proliferation 
genes
2. Basal-like 2: Growth factor
signaling (EGFR, MET, Wnt,
IGF1R) 

- IM: immune cell
processes (medullary
breast cancer)

3. M: Cell motility and 
differentiation, EMT 
processes

- MSL: similar to M but
growth factor signaling, low
levels of proliferation genes
(metaplastic cancers)

4. LAR: Androgen receptor 
and downstream genes, 
luminal features

Lehmann, Bauer, Chen, et al.,
J Clin Invest. 2011 Jul;121(7):2750-67. 

Identification of Human TNBC Subtypes
Lehmann BD,…Pietenpol JA, et al.
PLoS One. 2016; 11(6):e0157368.



Microarray Expression Analysis: Breast Tumor Subtype Predictions

Sorlie T, et al., Proc Natl Acad Sci U S A.
2003 Jul 8;100(14):8418-23.



BRCA1 Mutations and Basal-Like Tumors

HER2+/ER-

17/18 BRCA1 mutants were Basal-like

Basal-like Luminal

Sorlie et al. PNAS. 100:8418-8423 (2003), Foulkes et al. JNCI. 95:1482-1485 (2003)



BRCA Mutation and Carrier Frequency

The complex genetic landscape of familial breast cancer

March 22, 2017 Science News: “According to current 
data, it is estimated that only 30% of breast cancer 
survivors with the BRCA mutation have been identified, 
and that number drops significantly to 10% for 
asymptomatic BRCA carriers”.

Melchor, Lorenzo & Benítez, Javier. (2013). Human genetics. 132. 
10.1007/s00439-013-1299-y.



High Cumulative Breast Cancer Risk
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BRCA1 and BRCA2 Mutations in the 
Ashkenazi Jewish Population

An estimated 1 in 40 Ashkenazi Jews 
carries a BRCA1 or BRCA2 mutation

Roa BB et al. Nat Genet 14:185, 1996     
Oddoux C et al. Nat Genet 14:188, 1996    
Struewing JP. N Engl J Med 336:1401, 1997

185delAG
Prevalence = ~1%

5382insC
Prevalence = ~0.15%

6174delT
Prevalence = ~1.5%

BRCA1

BRCA2



DNA Double-Strand Break (DSB) Repair

O’Kane GM, et al. Trends in Molecular Medicine
Volume 23, Issue 12, December 2017, Pages 1121-1137.





PARP inhibition and tumor-selective 
synthetic lethality

DSB, double-strand break; HR, homologous recombination
SSB, single-strand break

PARP
DNA damage (SSBs)

DNA replication
(accumulation of DNA DSBs)

Normal cell
with functional HR 

pathway
HR-deficient tumor 

cell (e.g. BRCA 1/2-/-)

Cell survival Cell death

HR-mediated 
DNA repair

Impaired HR-
mediated 

DNA repair

Tumor-selective cytotoxicity

PARP 
inhibition

Farmer H et al. Nature 2005;434:917–921
Bryant HE et al. Nature 2005;434:913–917
McCabe N et al. Cancer Res 2006;66:8109–8115







PARP Inhibitors

Murai J, Pommier Y. Classification of PARP Inhibitors Based on PARP Trapping and Catalytic Inhibition, and Rationale for Combinations with Topoisomerase I Inhibitors and Alkylating Agents. 
In: Curtin NJ, Sharma RA, eds. PARP Inhibitors for Cancer Therapy. New York: Springer International Publishing;2015:261-274.

§ Veliparib – Phase III data presented 9/2019

§ Niraparib
§ Olaparib - Approved 1/12/2018

§ Rucaparib
§ Talazoparib - Approved 10/16/2018

NCCN guidelines now endorse 
germline BRCA1/2 mutation 
testing for all HER2- MBC patients



PARP inhibitor “trapping” of PARP1 on DNA

Catalytic inhibition                    Trapping
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Fig. 1. Mechanism of action of PARPi. (A) Schematic of synthetic lethality. In
its simplest form, the simultaneous alteration of two genes or proteins (shown
here as A and B) causes cell death, while alteration of either gene/protein alone
does not.When the concept is applied to cancer treatment, where gene A rep-
resents an oncogene, tumor suppressor gene, or oncogenic process/pathway,
gene B, once identified, becomes a candidate therapeutic target that can be
used to target tumor cells with dysfunction in A. (B) A model describing the
PARP1 catalytic cycle. (i) In its non-DNA bound state, PARP1 exists in a rela-
tively disordered conformation, commonly referred to as “beads on a string” (4).
The domain structure of PARP1 is shown, including three zinc finger–related
domains (ZnF 1, 2, and 3): the BRCA1 C-terminus domain (BRCT); the
tryptophan-, glycine-, arginine-rich domain (WGR); and the catalytic domain,
which encompasses two subdomains; a helical domain (HD) and an ADP-
ribosyltransferase (ART) catalytic domain. In this non-DNA bound state, HD
acts as an autoinhibitory domain preventing binding of the PARP-superfamily
cofactor, b-NAD+, to its ART binding site (5). (ii) Damage of the DNA double
helix often causes the formation of SSBs (predamaged and damaged DNA
structures are shown); SSBs cause a change in the normal orientation of the
double helix, which, in turn, (iii) provides a binding site for DNA binding PARP1
ZnF domains. The interaction of ZnF 1, 2, and 3 with DNA initiates a stepwise
assembly of the remaining PARP1 protein domains onto the PARP1/DNA nu-
cleoprotein structure, shown in (iv); this process leads to a change in HD
conformation, and resultant loss of autoinhibitory function, thus allosterically
activating PARP1 catalytic activity (5). (v) ART catalytic activity drives the
PARylation of PARP1 substrate proteins (branched PAR chains are shown on a

target protein), mediating the recruitment of DNA repair effectors, chromatin
remodeling, and eventually DNA repair. (vi) PARP1 autoPARylation (likely in cis
at SSBs but possibly in trans at other DNA lesions (4) finally causes the release
of PARP1 from DNA and the restoration of a catalytically inactive state [shown
in (i)]. (vii) Several clinical PARPi, each of which binds the catalytic site, prevent
the release of PARP1 from DNA, “trapping” PARP1 at the site of damage, po-
tentially removing PARP1 from its normal catalytic cycle. These images are
schematic; detailed structures andmodels of PARP1/DNAnucleoprotein com-
plexes are described elsewhere (4, 5). (C) Clinical PARP inhibitors. Chemical
structures of five clinical PARPi are shown. The ability of each PARPi to trap
PARP1 on DNA differs (talazoparib being the most potent PARP1 trapping
inhibitor, veliparib being the least potent) and broadly correlateswith cytotoxic
potency (22–24). (D) A model of PARP inhibitor synthetic lethality. Trapped
PARP1/DNA nucleoprotein complexes impair the progression of replication
forks. (i) Schematic of trapped PARP1 on DNA in front of a replication fork;
newly synthesized DNA is shown in red. (ii) The replication fork is impeded by
trapped PARP1. This normally induces a DNA damage response. (iii) HRR,
involving BRCA1 and BRCA2 tumor-suppressor proteins, is the optimal DNA
repair process for repairing and restarting replication forks stalled by PARPi
and also involves the use of additional “BRCAness” proteins. In the absence of
effective HRR, cells use DNA repair processes that can potentially generate
large-scale genomic rearrangements, which often leads to tumor cell death
and synthetic lethality. (v) Even where HRR is defective, PARPi resistance oc-
curs. Multiple mechanisms cause PARPi resistance but can be broadly clas-
sified into the examples shown.GR
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Fig. 1. Mechanism of action of PARPi. (A) Schematic of synthetic lethality. In
its simplest form, the simultaneous alteration of two genes or proteins (shown
here as A and B) causes cell death, while alteration of either gene/protein alone
does not.When the concept is applied to cancer treatment, where gene A rep-
resents an oncogene, tumor suppressor gene, or oncogenic process/pathway,
gene B, once identified, becomes a candidate therapeutic target that can be
used to target tumor cells with dysfunction in A. (B) A model describing the
PARP1 catalytic cycle. (i) In its non-DNA bound state, PARP1 exists in a rela-
tively disordered conformation, commonly referred to as “beads on a string” (4).
The domain structure of PARP1 is shown, including three zinc finger–related
domains (ZnF 1, 2, and 3): the BRCA1 C-terminus domain (BRCT); the
tryptophan-, glycine-, arginine-rich domain (WGR); and the catalytic domain,
which encompasses two subdomains; a helical domain (HD) and an ADP-
ribosyltransferase (ART) catalytic domain. In this non-DNA bound state, HD
acts as an autoinhibitory domain preventing binding of the PARP-superfamily
cofactor, b-NAD+, to its ART binding site (5). (ii) Damage of the DNA double
helix often causes the formation of SSBs (predamaged and damaged DNA
structures are shown); SSBs cause a change in the normal orientation of the
double helix, which, in turn, (iii) provides a binding site for DNA binding PARP1
ZnF domains. The interaction of ZnF 1, 2, and 3 with DNA initiates a stepwise
assembly of the remaining PARP1 protein domains onto the PARP1/DNA nu-
cleoprotein structure, shown in (iv); this process leads to a change in HD
conformation, and resultant loss of autoinhibitory function, thus allosterically
activating PARP1 catalytic activity (5). (v) ART catalytic activity drives the
PARylation of PARP1 substrate proteins (branched PAR chains are shown on a

target protein), mediating the recruitment of DNA repair effectors, chromatin
remodeling, and eventually DNA repair. (vi) PARP1 autoPARylation (likely in cis
at SSBs but possibly in trans at other DNA lesions (4) finally causes the release
of PARP1 from DNA and the restoration of a catalytically inactive state [shown
in (i)]. (vii) Several clinical PARPi, each of which binds the catalytic site, prevent
the release of PARP1 from DNA, “trapping” PARP1 at the site of damage, po-
tentially removing PARP1 from its normal catalytic cycle. These images are
schematic; detailed structures andmodels of PARP1/DNAnucleoprotein com-
plexes are described elsewhere (4, 5). (C) Clinical PARP inhibitors. Chemical
structures of five clinical PARPi are shown. The ability of each PARPi to trap
PARP1 on DNA differs (talazoparib being the most potent PARP1 trapping
inhibitor, veliparib being the least potent) and broadly correlateswith cytotoxic
potency (22–24). (D) A model of PARP inhibitor synthetic lethality. Trapped
PARP1/DNA nucleoprotein complexes impair the progression of replication
forks. (i) Schematic of trapped PARP1 on DNA in front of a replication fork;
newly synthesized DNA is shown in red. (ii) The replication fork is impeded by
trapped PARP1. This normally induces a DNA damage response. (iii) HRR,
involving BRCA1 and BRCA2 tumor-suppressor proteins, is the optimal DNA
repair process for repairing and restarting replication forks stalled by PARPi
and also involves the use of additional “BRCAness” proteins. In the absence of
effective HRR, cells use DNA repair processes that can potentially generate
large-scale genomic rearrangements, which often leads to tumor cell death
and synthetic lethality. (v) Even where HRR is defective, PARPi resistance oc-
curs. Multiple mechanisms cause PARPi resistance but can be broadly clas-
sified into the examples shown.GR
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Fig. 1. Mechanism of action of PARPi. (A) Schematic of synthetic lethality. In
its simplest form, the simultaneous alteration of two genes or proteins (shown
here as A and B) causes cell death, while alteration of either gene/protein alone
does not.When the concept is applied to cancer treatment, where gene A rep-
resents an oncogene, tumor suppressor gene, or oncogenic process/pathway,
gene B, once identified, becomes a candidate therapeutic target that can be
used to target tumor cells with dysfunction in A. (B) A model describing the
PARP1 catalytic cycle. (i) In its non-DNA bound state, PARP1 exists in a rela-
tively disordered conformation, commonly referred to as “beads on a string” (4).
The domain structure of PARP1 is shown, including three zinc finger–related
domains (ZnF 1, 2, and 3): the BRCA1 C-terminus domain (BRCT); the
tryptophan-, glycine-, arginine-rich domain (WGR); and the catalytic domain,
which encompasses two subdomains; a helical domain (HD) and an ADP-
ribosyltransferase (ART) catalytic domain. In this non-DNA bound state, HD
acts as an autoinhibitory domain preventing binding of the PARP-superfamily
cofactor, b-NAD+, to its ART binding site (5). (ii) Damage of the DNA double
helix often causes the formation of SSBs (predamaged and damaged DNA
structures are shown); SSBs cause a change in the normal orientation of the
double helix, which, in turn, (iii) provides a binding site for DNA binding PARP1
ZnF domains. The interaction of ZnF 1, 2, and 3 with DNA initiates a stepwise
assembly of the remaining PARP1 protein domains onto the PARP1/DNA nu-
cleoprotein structure, shown in (iv); this process leads to a change in HD
conformation, and resultant loss of autoinhibitory function, thus allosterically
activating PARP1 catalytic activity (5). (v) ART catalytic activity drives the
PARylation of PARP1 substrate proteins (branched PAR chains are shown on a

target protein), mediating the recruitment of DNA repair effectors, chromatin
remodeling, and eventually DNA repair. (vi) PARP1 autoPARylation (likely in cis
at SSBs but possibly in trans at other DNA lesions (4) finally causes the release
of PARP1 from DNA and the restoration of a catalytically inactive state [shown
in (i)]. (vii) Several clinical PARPi, each of which binds the catalytic site, prevent
the release of PARP1 from DNA, “trapping” PARP1 at the site of damage, po-
tentially removing PARP1 from its normal catalytic cycle. These images are
schematic; detailed structures andmodels of PARP1/DNAnucleoprotein com-
plexes are described elsewhere (4, 5). (C) Clinical PARP inhibitors. Chemical
structures of five clinical PARPi are shown. The ability of each PARPi to trap
PARP1 on DNA differs (talazoparib being the most potent PARP1 trapping
inhibitor, veliparib being the least potent) and broadly correlateswith cytotoxic
potency (22–24). (D) A model of PARP inhibitor synthetic lethality. Trapped
PARP1/DNA nucleoprotein complexes impair the progression of replication
forks. (i) Schematic of trapped PARP1 on DNA in front of a replication fork;
newly synthesized DNA is shown in red. (ii) The replication fork is impeded by
trapped PARP1. This normally induces a DNA damage response. (iii) HRR,
involving BRCA1 and BRCA2 tumor-suppressor proteins, is the optimal DNA
repair process for repairing and restarting replication forks stalled by PARPi
and also involves the use of additional “BRCAness” proteins. In the absence of
effective HRR, cells use DNA repair processes that can potentially generate
large-scale genomic rearrangements, which often leads to tumor cell death
and synthetic lethality. (v) Even where HRR is defective, PARPi resistance oc-
curs. Multiple mechanisms cause PARPi resistance but can be broadly clas-
sified into the examples shown.GR
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 Talazoparib 0.57 nM
Olaparib 1.9 nM
Rucaparib 2.0 nM
Veliparib 4.7 nM

Shen et al. Clin Cancer Res (2013) 19:5003-5015



Oral PARPi Doses and Schedules
Compound Dose Phase

Olaparib
(AZD2281) 400mg BID I, II, III

Veliparib
(ABT888) 400mg BID I, II, III

Rucaparib
(PF01367338 , AG014699) 600mg BID I, II, III

Niraparib
(MK4827) 300mg BID I, II, III

Talazoparib
(BMN-673) 1mg QD I, II, III

CEP-9722 I

E7016 I



DDFS stratified HR = 0.57, P<0.001
Difference: 3-year DDFS rate 7.1% (95%CI, 3.0-11.1%)
OS: HR 0.68; 95% CI: 0.50, 0.91; p=0.0091

March 11, 2022: FDA approves olaparib for adjuvant treatment of high-risk early breast cancer



AN Tutt et al. N Engl J Med 2021;384:2394-2405.

Adjuvant Olaparib - Subgroup Analysis of Invasive Disease–
free Survival.



Resistance to therapy caused by
intragenic deletion in BRCA2

Edwards, et al., NATURE| Vol 451|28 February 2008

Restored
ORF



Here, we report the first mechanistic description of talazoparib resistance, the first BRCA2 reversion mutations identified in 
prostate cancer, and the first cases of multiclonal BRCA2 reversion mutations as a mechanism of PARPi resistance. The 
multiclonal nature resistance in metastatic disease, in the context of a single evolutionary stimulus, was striking.

David Quigley et al. Cancer Discov 2017;7:999-1005



Nobel Prize in Medicine (2018) – Immune checkpoint blockade1

1. Huang P-W and Chang J W-C. Biomed J. 2019;42(5):299–306. 2. Cogdill AP, et al. Br J Cancer. 2017;117(1):1–7.

Immunoregulatory interactions principally 
involving immune checkpoint blockade2



Multiple immune signaling pathways modulate interactions between T-cells and 
tumor cells

Tumor cellT-cell

PD1 PDL-1

Inhibition  PDL-1

B7-2 (CD86)

B7-1 (CD80)

MHC – class II

PD-L2 (B7-DC)

CD48

HVEM

TCR

B7-1

Galectin-9

PtdSer

Inhibition CD244 (2B4)

Activation CD28 

CTLA4

CD160

BTLA
TIM-3

LAG-3

Apoptotic cell



High-resolution crystal structure of the therapeutic antibody pembrolizumab bound to the human PD-1

Direct protein/protein hydrogen bonds are in blue; 
water-mediated hydrogen bonds are in green; and 
salt bridges are in red.

Horita, S., Nomura, Y., Sato, Y. et al. High-resolution crystal structure of the therapeutic 
antibody pembrolizumab bound to the human PD-1. Sci Rep 6, 35297 (2016). 



Chemo= paclitaxel/carboàAC Q3 wks x 4
Pembro continued Q3wks adjuvantly x 9 cycles



On July 26, 2021, the Food and Drug Administration approved pembrolizumab for high-risk, early-stage, triple-
negative breast cancer (TNBC) in combination with chemotherapy as neoadjuvant treatment, and then continued as a 
single agent as adjuvant treatment after surgery.



P Schmid et al. N Engl J Med 2020;382:810-821.

KN522 Subgroup Analysis



Masuda N et al. N Engl J Med 2017;376:2147-2159.

Kaplan–Meier Estimates of Disease-free Survival and Overall Survival.

Adjuvant Capecitabine after Preoperative Chemotherapy



SWOG S1418: 

Trial allowed the patients to complete capecitabine and then start Pembro



Olaparib+Pembro?

• Olaparib Plus Pembrolizumab Treatment Safe in Advanced 
Cholangiocarcinoma

• KEYLYNK-009: A phase II/III, open-label, randomized study of 
pembrolizumab (pembro) plus olaparib vs pembro plus 
chemotherapy after induction with first-line pembro plus 
chemotherapy in patients with locally recurrent inoperable or 
metastatic triple-negative breast cancer (TNBC).



Results (2)

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



`



Pembrolizumab label language: Olaparib label language:

olaparib



ep·i·logue
/ˈepəˌlôɡ,ˈepəˌläɡ/
noun: epilogue; plural noun: epilogues; noun: epilog; plural noun: epilogs
-- a section or speech at the end of a book or play that serves as a comment on or a conclusion to what has happened.

• TNBC is not just one disease. Clinical trial designs that include all TNBC subtypes are naïve

• PARP inhibition is synthetic lethal with homologous recombination repair deficiency (e.g. BRCA mutation);
BRCA reversion mutations are scary – ”one dumb tumor is smarter than 10 oncologists” (G Sledge, Stanford)

• Immune checkpoint inhibition is now standard of care in early and late-stage TNBC; biomarker(s) for patient
selection remains a high unmet need – I-SPY2 data challenges dogma that all TNBC subsets benefit from ICI

• ADCs will likely eventually replace standard chemotherapy; all the same principles of chemo will still apply

• How to best integrate PARPi and ICI into current treatment paradigms remains controversial for specific patients


