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The integrity and stability of DNA in breast epithelial tissues are key factors in breast homeostasis. However,
carcinogenesis is mostly initiated by DNA damage which is an ongoing process resulting from both endogenous
(errors in replication) and exogenous (environmental) assaults to the human genome. Usually, cell repair
mechanisms ensure that cells with damaged DNA undergo either repair or apoptosis. Therefore, inhibition of these
processes can lead to a buildup of damaged DNA in cells, resulting in apoptosis or senescence of the tumor cells.
Poly(ADP-ribose) polymerase (PARP) inhibitors have been closely examined as one of the most exciting and
promising “targeted” therapeutic strategies to treat advanced TNBC by preventing cancer cells from repairing
themselves. Indeed, it has been demonstrated that 10—-20% of total patients diagnosed with TNBC have a mutation
in breast cancer susceptibility genes (BRCA)1 or (BRCA)2. BRCA1 and BRCAZ2 are tumor suppressor genes that
are associated with a hereditary predisposition to developing female breast cancer, but their pivotal role in the DNA
damage response makes cancer cells harboring such mutations more sensitive to drugs eliciting DNA damage or

interfering with DNA repair, such as PARP inhibitors.

triple-negative breast cancer cancer inhibitors drug resistance PARP

| 1. Introduction

Poly(ADP-ribose) polymerase (PARP) are a family of multifunctional enzymes involved in several cellular
processes, including DNA repair mechanism and apoptosis [&. PARP-1, a nuclear, zinc-finger, DNA-binding protein
that has been identified as the most abundantly expressed and characterized isoform of the PARP family, localizes
to DNA strand breaks as part of the base excision repair process [&. Upon detection of the DNA damage, PARP-1
catalyzes the addition of a poly-ADP-ribose (PAR) chain to target proteins, thus recruiting repair factors to repair
DNA Bl It is well known that PARP inhibitors are particularly effective against tumors carrying mutations in BRCA.
In fact, it has been demonstrated that it is possible to achieve synthetic lethality and increased tumor cell death
through the prevention of DNA repair via PARP inhibition, in conjunction with the loss of broken double-strand DNA
repair via BRCA-dependent mechanisms. In other words, it has been indicated that the detection of a mutated
BRCA gene in some TNBC patients results in the blockage of the repair process of broken single-stranded DNA via
PARP inhibitors by obstructing PARP enzyme activity and PARylation reactions through the competition with
coenzyme, NAD+, for the interaction with the PARP catalytic domain; in addition, BRCA mutants cannot induce

homologues recombination to repair double-stranded DNA, with the consequence of synthetic lethal effects on
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tumor cells &1, Therefore, this makes the inhibition of PARP an attractive target for TNBC tumors that are BRCA
deficient B, The discovery and development of PARP inhibitors began more than 50 years ago using the
nicotinamide functional group [€. Later, PARP inhibitors were designed by introducing nicotinamide and benzamide

functional groups into their structure in order to enable them to bind to the catalytic portion of PARPs .

| 2. Conventional Chemotherapy

Conventional chemotherapy, consisting of different combinations of anthracycline, taxane, cyclophosphamide, and
fluorouracil, is the mainstay of adjuvant systemic treatment for most patients with early-stage TNBC, although
sometimes schedules are limited by toxicity and tumor response. At present, the 90% of drug failures in metastatic
cancers is caused by the development of multidrug resistance by tumor cells. In this respect, tumor cells have
given rise to the ability to survive after chemotherapeutic exposure through the employment of several
mechanisms, such as APC transporters, B-tubulin Ill, mutations in DNA repair enzymes such as topoisomerase Il
and DNA mismatch repair enzymes, alterations in genes involved in apoptosis, ALDH1 and glutathione
(GSH)/Glutathione-S-transferase (GST), and NF-kB signaling pathways [&l.

In addition to standard chemotherapy, the addition of any other drugs has been regarded as a new regimen £,

The antimetabolite 5-fluorouracil (5-FU) (1) (Figure 1) is widely employed in treating different cancers, including
breast cancer. The chemical structure of this antitumor agent is comprised of a heterocyclic aromatic ring with high
similarity to uracil, bearing a fluorine atom in 5C position of the aromatic ring. Continuous progress in
comprehending its mechanism of action has led to its extensive anticancer applications 2%, It has been indicated
that the anticancer effect of 5-FU, when it is administered as a single agent chemotherapeutic drug, is mainly
induced by its conversion to three active metabolites: fluorodeoxyuridine monophosphate (FAUMP),
fluorodeoxyuridine triphosphate (FAUTP), and fluorouridine triphosphate (FUTP). In fact, these metabolites cause
cell injury by two different mechanisms. Firstly, the binding of FAUMP to the nucleotide binding site of thymidylate
synthase (TS), an essential enzyme for catalyzing the reductive methylation of deoxyuridine monophosphate
(dUMP) to deoxythymidine monophosphate (dTMP), with the folate cofactor 5,10-methylene tetrahydrofolate
(CH,THF), as the methyl donor, resulted in the formation of a stable ternary TS—FdUMP-CH,THF complex
blocking access of dUMP to the nucleotide binding site and, therefore, in the inhibition of dTMP synthesis. Since
dTMP is essential for DNA replication and repair, its depletion causes lethal DNA damage. Furthermore, the
cytotoxic effect of 5-FU is also triggered by the incorporation of its active metabolite, FUTP, into RNA. This not only
resulted in the inhibition of the processing of pre-rRNA into mature rRNA but also interfered with the post-
transcriptional modification of tRNAs and the assembly and activity of snRNA/protein complexes, thereby inhibiting
splicing of pre-mRNA. Therefore, the misincorporation of 5-FU has the potential to disrupt various facets of RNA

processing, leading to significant effects on cellular metabolism and survival.
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Figure 1. Chemical structures of conventional chemotherapeutic agents.

Moreover, the outbreak of drug resistance, due to the upregulation of ATP-binding cassette (ABC) transporters, is a
very common phenomenon among breast cancer patients who were administered 5-FU. In fact, it has been
demonstrated that multidrug-resistant protein-1 (ABCC1/MRPL1), breast cancer resistance protein (ABCG2/BCRP),
and multidrug-resistant protein-8 (ABCC11/MRP8), expressed more frequently in TNBC compared to other breast
cancer subtypes, are responsible for the upregulation of ABC transporters that utilize ATP to efflux various
compounds—including a wide range of anticancer drugs—across cellular membranes for conferring resistance to
5-FU and other drugs that represent the backbone of current TNBC treatment. The biological effects of developing

5-FU resistance include a decline in apoptosis, disorder in cell cycle, enzyme malfunctioning, etc. 11,

Capecitabine (2) is an oral prodrug, metabolized in vivo to 5-FU by carboxylesterases, cytidine deaminase, and
thymidine phosphorylase/uridine phosphorylase sequentially, which has shown effectiveness in treating advanced
BC [121 and gastric cancer 131, In early-stage TNBC patients, capecitabine in combination with standard adjuvant
chemotherapy showed significant disease-free survival and overall better survival outcomes than standard
chemotherapy with tolerable adverse events 14l A study showed that the addition of capecitabine-based

chemotherapy was the most effective regime 13,

Gemcitabine (2',2'-difluorodeoxycytidine, dFdC) (3), an efficient chemotherapeutic drug for the treatment of various
types of cancer in clinical practice, was also evaluated in the treatment of TNBC in several clinical trials [2&. DFdC
is a potent and specific deoxycytidine analog which, once inside the malignant cell, is firstly phosphorylated by
deoxycytidine kinase to its monophosphorylated form and subsequently by nucleotide kinases to its active
metabolites, dFdC diphosphate (dFdCDP) and dFdC triphosphate (dFdCTP). These active metabolites are
nucleosides that mediate antitumor effects. dFACDP works as an inhibitor of ribonucleotide diphosphate
reductases, an enzyme responsible for catalyzing the biosynthesis of deoxycytidine triphosphate (dCTP), which is

a precursor necessary for DNA synthesis, from the corresponding ribonucleotide 7. Therefore, the overexpression
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of ribonucleotide reductase is associated with the emergence of resistance to dFdC &, In addition, the cytotoxicity
of dFdC is mainly associated with the cellular accumulation of dFACTP. dFdCTP competes with dCTP for
incorporation into DNA, thereby competitively inhibiting DNA chain elongation. This process is referred to as
“masked DNA chain termination” and induces a GO/G1 and S-phase arrest in the cell cycle, which triggers

apoptosis 2],

To overcome the drug resistance induced by nucleoside kinase deficiency, various therapeutic approaches have
been postulated. In this context, a multisubstrate deoxyribonucleoside kinase of Drosophila melanogaster in the
nucleus or cytosol has been reported as a potential candidate suicide gene for reversing acquired dFdC resistance
in TNBC cells (29,

Standard anthracycline-based chemotherapy is the treatment of choice as first-line chemotherapy for metastatic
breast cancer patients not previously treated with anthracyclines 2. |ts mechanism of action includes DNA
intercalation, membrane binding, free radical formation, DNA repair cascade degradation, and cell death. Although
anthracyclines represent an important component of adjuvant chemotherapy, they are associated with several

short and long-term adverse events, with the major being cardiotoxicity and secondary leukemia 2211231,

Nowadays, in order to avoid unnecessary anthracycline treatment due to its associated cardiotoxicity, taxane-
based regimens constitute another standard therapy for breast cancer patients, especially those affected with
TNBC. Paclitaxel (PTX), isolated from the bark of the Pacific Yew, and docetaxel, a semisynthetic analog from the
renewable and more readily available leaves of the European yew tree, are among the most active agents for
metastatic breast cancer. The assembly promoting properties of PTX (4) were firstly reported in 1979 24, pTX,
through its effects on microtubules, inhibits the growth of a variety of solid tumor cells causing, at high
concentration, mitotic arrest at the G2/M phase, whereas, at low concentration, it induces cell apoptosis at the GO

and G1/S phase; however, its clinical application is limited due to poor water solubility.

Many studies have illustrated that PTX combined with 5-FU shows synergic activity and improved tolerability
towards some breast carcinoma, ovarian cancer, and gastric cancer (221281, Chen et al. [27] have recently reported
the development of KLA-modified liposomes co-loaded with 5-FU and PTX (KLA-5-FU/PTX Lps). This new drug
formulation was evaluated for its antitumor activity against human breast cancer cells (MDA-MB-231). It showed
enhanced cytotoxicity against MDA-MB-231 cells, improved drug delivery to mitochondria, induced mitochondria-
mediated apoptosis, and turned out a promising system to target the delivery of antitumor drugs to mitochondria as
a treatment for TNBC 27,

For patients unresponsive to the treatment mentioned above, adjuvant capecitabine or platinum-based
chemotherapy, such as carboplatin and cisplatin, might be given, although it is still controversial, as researchers
are currently leading an ongoing randomized phase Il trial to validate the superiority of either adjuvant

capecitabine or platinum-based chemotherapy 28],
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A drug combination of gemcitabine and cisplatin (cis-diamminedichloroplatinum, cis-DDP (5) has proven to be
superior to dFdC/PTX in first-line treatment of metastatic TNBC in terms of progression-free survival (PFS) 22, The
potential effect of nanoparticle albumin-bound (nab)-PTX and cis-DDP was assessed for metastatic mucinous
adenocarcinoma B and metastatic TNBC B, Wang et al. 31 conducted a randomized phase Il controlled open-
label trial to compare the efficacy of nab-PTX/cis-DDP with dFdC/cis-DDP in metastatic TNBC patients. The study
confirmed that the combination of nab-PTX with cis-DDP, as compared to dFdC/PTX, significantly increased the
OS and led to a significantly higher objective response rate. The reduction in the risk of death may result from the

higher antitumor activity of nab-paclitaxel over gemcitabine when combined with cisplatin.

Eribulin (NSC 707389) (6) is another medication that has been added to the armamentarium of drugs against
TNBC after being studied in patients who have received at least two chemotherapeutic regimens, which include an
anthracycline and a taxane. It is a non-taxane synthetic analogue of halichondrin B, isolated from the marine
sponge Halichondria okadai, which acts as an irreversible inhibitor of microtubule polymerization B2, Since it does
not affect the microtubule depolymerization, it causes less toxicity compared to the previously reported taxanes (231,
This results into apoptosis through the disruption of mitotic spindles and an irreversible block of the cell cycle at the
G2-M level. Currently, eribulin is used to treat HER2-negative metastatic or recurrent BC that failed previous
exposure to anthracyclines and taxanes, and for treatment of TNBC as well B4, Eribulin in combination with the
PARP-1, PARP-2, and PARP-3 inhibitor olaparib showed good efficacy for advanced TNBC patients and was well

tolerated (331,

| 3. Iniparib (7)

Iniparib was evaluated as the first PARP inhibitor potential candidate agent for TNBC; however, it failed clinical

trials and a definitive in vitro study revealed that the agent did not appreciably inhibit PARP 28l (Figure 2).
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Figure 2. Chemical structure of PARP inhibitors.

| 4. Olaparib (8)

Olaparib was the first small-molecule PARP inhibitor to show clinical efficacy and tolerability in BRCA1/BRCAZ2-
mutated advanced BC B4 (Figure 2). First reported as a PARP-1 and PARP-2 inhibitor, it also showed a potent
PARP-3 inhibition. Olaparib and talazoparib (TALA) (9) were approved in 2018 by the Food and Drug
Administration as monotherapy for the treatment of metastatic TNBC harboring a germline BRCA1 (gBRCA) or
BRCA2 mutation 2839 based on the results of two OlympiADand EMBRACA clinical trials. Approximately 15% of
patients with TNBC have gBRCA mutations, which make them good candidates as PARP inhibitors. Moreover, the
use of the PARP inhibitor olaparib in the treatment of TNBC patients without BRCA mutations has recently been
shown to be ineffective 2%, Noteworthy, in HER2-negative metastatic BC and BRCA mutation patients, olaparib
alone has a remarkable advantage on the standard treatment. However, cancer multidrug resistance (MDR)
represents a major challenge for effective cancer treatment, and overexpression of a P-glycoprotein (P-gp) and a
breast cancer resistance protein (BCRP) has been hypothesized to be one of the mechanisms responsible for
acquired resistance to olaparib. Thus, a second generation of PARP inhibitors has been developed and tested in

several clinical trials.

| 5. Talazoparib (9)

https://encyclopedia.pub/entry/51916 6/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

Talazoparib shows potent PARP inhibition and trapping potential superior to other PARP inhibitors 41 (Figure 2). It
achieved pathologic complete responses in germline BRCA-positive, HER2-negative patients with early breast
cancer, including TNBC 42, Of note, in EMBRACA clinical trials, treatment with single-agent talazoparib in patients
with advanced BC and a germline BRCA1/2 mutation, provided a significant PFS and a higher pathological
remission rate compared to standard chemotherapy. Patient-reported outcomes were superior with talazoparib 43!,
Unfortunately, even with the development of a second-generation PARP inhibitor, the rise of MDR could not be
prevented. Eskiler et al. 4 have recently reported that talazoparib resistance is mediated by overexpression of
BCRP and multidrug resistance-associated protein 1 (MRP1) genes in BRCA1 mutant TNBC. In this regard, the
authors, with the aim to overcome the abovementioned drug-resistance, developed novel talazoparib-solid lipid
nanoparticles (SLNs), through a hot homogenization technique, as a promising therapeutic carrier to reverse MDR-
mediated resistance in TNBC, showing significantly higher apoptotic rates in vitro than the free drug 4. In fact,
several in vivo and in vitro studies reported increased intracellular drug accumulation in cancer cells and effective

overcoming of drug efflux-mediated resistance of SLNs.

| 6. Veliparib (10)

Veliparib is a benzimidazole, having a substitution at C-4 with a carbamoyl cluster and (2R)-2-methylpyrrolidin-2-yl
moiety at C-2 (Figure 2). In combination with carboplatin and PTX followed by doxorubicin and cyclophosphamide,
it improved the pathological complete response of patients with TNBC (but not when veliparib was added to
carboplatin and PTX alone). The addition of carboplatin was considered as a potential component of neoadjuvant
chemotherapy for patients with high-risk TNBC ¥l In addition, veliparib is being investigated in combination with

radiation to treat patients with advanced TNBC, and thus far, the results are pending (NCT01618357).

| 7. Rucaparib (11)

A small subset of patients with high genomic loss of heterozygosity score or non-germline BRCA1/2 mutation
derived benefit from the PARP inhibitor rucaparib 48 (Figure 2). Currently, rucaparib is under investigation in
combination with other agents such as immunotherapy, vascular epidermal growth factor receptor (VEGFR)
inhibitors, or radiotherapy to treat solid tumors including TNBC (NCT03992131, NCT03542175, and
NCT03911453). In 2020, a study assessing the efficacy of radiotherapy in combination with rucaparib was

completed, the results of which have not yet been published.

Rucaparib camsylate (camphorsulfonate salt obtained via reaction of rucaparib with one molar equivalent of
(1S,4R)-camphorsulfonic acid) has been formulated as film-coated tablets for oral route of administration. It is
indicated as a monotherapy treatment of patients with advanced ovarian cancer with germline and/or somatic
BRCA mutation who have experienced two or more chemotherapies. Rucaparib camsylate is under clinical

development by Clovis Oncology and currently in phase Il for TNBC 2.

| 8. Niraparib (12)
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Niraparib, in a single-arm, phase Il study, demonstrated promising antitumor activity and safety in patients with
localized HER2-negative, BRCA-mutated breast cancer (Figure 2). In a pilot, single-arm, phase Il study, a
neoadjuvant treatment with niraparib as a single-agent demonstrated promising antitumor activity and high levels of
tumor penetration in patients with HER2-negative, BRCA-mutated, localized BC. Niraparib showed superior tumor
penetration to other PARP inhibitors 48],

| 9. Pamiparib (BGB-290) (13)

A new PARP inhibitor undergoing clinical evaluation in patients with ovarian cancer and TNBC can inhibit PARP1
and PARP2 (NCT03333915) (Figure 2). Moreover, it is being investigated for its efficacy in solid tumors including
TNBC as a monotherapy and in combination with the chemotherapy agent temozolomide (NCT03150810). In a
recent open-label, phase I, multicenter study in China (NCT03575065), pamiparib showed encouraging efficacy
and an acceptable safety profile in patients with locally advanced and metastatic HER2 breast cancer with germline
BRCA1/2 mutation 49,

PARP inhibitors represent a valid therapeutical option against the TNBC (Figure 2). Novel PARP inhibitors are
currently under investigation for use alone and in combination with established agents. Although BRCA-deficient
tumors are more sensitive to PARPI due to its synthetic lethality, nearly 40% of BRCA1/2-deficient patients do not
respond to PARPi due to the emergence of drug resistance mechanisms in TNBC. It is worth noting that the
administration of PTX and doxorubicin, which are substrates of the MDR1 transporter, prior to PARPI treatment
may lead to the upregulation of MDR1 and indirectly induce PARP resistance. In a specific study, the use of
paclitaxel before PARPi was found to be significantly linked to the presence of ABCBL1 fusion transcripts B9,
However, the use of doxorubicin before PARPI did not show a significant association with ABCB1 fusion transcripts.
Other studies have also demonstrated the existence of cross-resistance between MDR1, PARPI, and paclitaxel 1]
52 Therefore, conversely, the occurrence of MDR1 overexpression as a mechanism of resistance to PARPi has

implications for the choice of subsequent treatment following PARPI resistance.

An even greater challenge is to decipher the mechanisms of intrinsic PARP inhibitor resistance among patients
with gBRCAm. Therefore, there is still a need to improve the therapeutic options for TNBC patients, especially in

specific TN molecular subtypes 331,

References

1. Hoeijmakers, J.H.J. Genome Maintenance Mechanisms for Preventing Cancer. Nature 2001, 411,
366-374.

2. Rouleau, M.; Patel, A.; Hendzel, M.J.; Kaufmann, S.H.; Poirier, G.G. PARP Inhibition: PARP1 and
Beyond. Nat. Rev. Cancer 2010, 10, 293-301.

https://encyclopedia.pub/entry/51916 8/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

10.

11.

12.

13.

14.

. Wei, H.; Yu, X. Functions of PARylation in DNA Damage Repair Pathways. Genom. Proteom.

Bioinform. 2016, 14, 131-139.

. Litton, J.K.; Scoggins, M.E.; Hess, K.R.; Adrada, B.E.; Murthy, R.K.; Damodaran, S.; DeSnyder,

S.M.; Brewster, A.M.; Barcenas, C.H.; Valero, V.; et al. Neoadjuvant Talazoparib for Patients with
Operable Breast Cancer with a Germline BRCA Pathogenic Variant. J. Clin. Oncol. 2020, 38,
388-394.

. Tutt, A.; Robson, M.; Garber, J.E.; Domchek, S.M.; Audeh, M.W.; Weitzel, J.N.; Friedlander, M.;

Arun, B.; Loman, N.; Schmutzler, R.K.; et al. Oral Poly(ADP-Ribose) Polymerase Inhibitor
Olaparib in Patients with BRCA1 or BRCA2 Mutations and Advanced Breast Cancer: A Proof-of-
Concept Trial. Lancet 2010, 376, 235-244.

. Clark, J.B.; Ferris, G.M.; Pinder, S. Inhibition of Nuclear NAD Nucleosidase and Poly ADP-Ribose

Polymerase Activity from Rat Liver by Nicotinamide and 5'-Methyl Nicotinamide. Biochim.
Biophys. Acta (BBA) Nucleic Acids Protein Synth. 1971, 238, 82—85.

. Steffen, J.D.; Brody, J.R.; Armen, R.S.; Pascal, J.M. Structural Implications for Selective Targeting

of PARPSs. Front. Oncol. 2013, 3, 301.

. O'Reilly, E.A.; Gubbins, L.; Sharma, S.; Tully, R.; Guang, M.H.Z.; Weiner-Gorzel, K.; McCaffrey,

J.; Harrison, M.; Furlong, F.; Kell, M.; et al. The Fate of Chemoresistance in Triple Negative Breast
Cancer (TNBC). BBA Clin. 2015, 3, 257-275.

. Gadi, V.K.; Davidson, N.E. Practical Approach to Triple-Negative Breast Cancer. J. Oncol. Pract.

2017, 13, 293-300.

Longley, D.B.; Harkin, D.P.; Johnston, P.G. 5-Fluorouracil: Mechanisms of Action and Clinical
Strategies. Nat. Rev. Cancer 2003, 3, 330-338.

Deng, J.; Wang, Y.; Lei, J.; Lei, W.; Xiong, J.P. Insights into the Involvement of Noncoding RNAs
in 5-Fluorouracil Drug Resistance. Tumor Biol. 2017, 39, 101042831769755.

Joensuu, H.; Kellokumpu-Lehtinen, P.-L.; Huovinen, R.; Jukkola-Vuorinen, A.; Tanner, M.; Kokko,
R.; Ahlgren, J.; Auvinen, P.; Lahdenpera, O.; Kosonen, S.; et al. Adjuvant Capecitabine in
Combination with Docetaxel, Epirubicin, and Cyclophosphamide for Early Breast Cancer. JAMA
Oncol. 2017, 3, 793.

Noh, S.H.; Park, S.R.; Yang, H.-K.; Chung, H.C.; Chung, I.-J.; Kim, S.-W.; Kim, H.-H.; Choi, J.-H.;
Kim, H.-K.; Yu, W.; et al. Adjuvant Capecitabine plus Oxaliplatin for Gastric Cancer after D2
Gastrectomy (CLASSIC): 5-Year Follow-up of an Open-Label, Randomised Phase 3 Trial. Lancet
Oncol. 2014, 15, 1389-1396.

Xun, X.; Cao, Q.; Hong, P.; Rai, S.; Zhou, Y.; Liu, R.; Hu, H. Efficacy and Safety of Capecitabine
for Triple-Negative Breast Cancer: A Meta-Analysis. Front. Oncol. 2022, 12, 899423.

https://encyclopedia.pub/entry/51916 9/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Li, Z.; Zheng, J.; Ji, Z.; Chen, L.; Wu, J.; Zou, J.; Liu, Y.; Lin, W.; Cai, J.; Chen, Y.; et al. Addition of
Capecitabine to Adjuvant Chemotherapy May Be the Most Effective Strategy for Patients with
Early-Stage Triple-Negative Breast Cancer: A Network Meta-Analysis of 9 Randomized Controlled
Trials. Front. Endocrinol. 2022, 13, 939048.

Diéras, V.; Bonnefoi, H.; Alba, E.; Awada, A.; Coudert, B.; Pivot, X.; Gligorov, J.; Jager, A.;
Zambelli, S.; Lindeman, G.J.; et al. Iniparib Administered Weekly or Twice-Weekly in Combination
with Gemcitabine/Carboplatin in Patients with Metastatic Triple-Negative Breast Cancer: A Phase
Il Randomized Open-Label Study with Pharmacokinetics. Breast Cancer Res. Treat. 2019, 177,
383-393.

Honeywell, R.J.; Ruiz van Haperen, V.W.T.; Veerman, G.; Smid, K.; Peters, G.J. Inhibition of
Thymidylate Synthase by 2',2'-Difluoro-2'-Deoxycytidine (Gemcitabine) and Its Metabolite 2',2'-
Difluoro-2'-Deoxyuridine. Int. J. Biochem. Cell Biol. 2015, 60, 73-81.

Mitsuno, M.; Kitajima, Y.; Ohtaka, K.; Kai, K.; Hashiguchi, K.; Nakamura, J.; Hiraki, M.; Noshiro,
H.; Miyazaki, K. Tranilast Strongly Sensitizes Pancreatic Cancer Cells to Gemcitabine via
Decreasing Protein Expression of Ribonucleotide Reductase 1. Int. J. Oncol. 2010, 36, 341-349.

Garcia-Diaz, M.; Murray, M.S.; Kunkel, T.A.; Chou, K.-M. Interaction between DNA Polymerase
Lambda and Anticancer Nucleoside Analogs. J. Biol. Chem. 2010, 285, 16874-16879.

Zhao, Y.; Jiang, H.; Gu, M.; Zu, C.; Zheng, X. Gemcitabine Resistance in Triple negative Breast
Cancer Cells Can Be Reverted by &It;Em&gt;Drosophila Melanogaster&lt;/Em&gt;
Deoxyribonucleoside Kinase in the Nucleus or Cytosol. Oncol. Lett. 2020, 20, 247.

Furlanetto, J.; Loibl, S. Optimal Systemic Treatment for Early Triple-Negative Breast Cancer.
Breast Care 2020, 15, 217-226.

Steinherz, L.J.; Steinherz, P.G.; Tan, C.T.; Heller, G.; Murphy, M.L. Cardiac Toxicity 4 to 20 Years
after Completing Anthracycline Therapy. JAMA 1991, 266, 1672-1677.

Chaplain, G.; Milan, C.; Sgro, C.; Carli, P.-M.; Bonithon-Kopp, C. Increased Risk of Acute
Leukemia After Adjuvant Chemotherapy for Breast Cancer: A Population-Based Study. J. Clin.
Oncol. 2000, 18, 2836—2842.

Schiff, P.B.; Fant, J.; Horwitz, S.B. Promotion of Microtubule Assembly in Vitro by Taxol. Nature
1979, 277, 665—667.

Ranieri, G.; Marech, I.; Porcelli, M.; Giotta, F.; Palmiotti, G.; Laricchia, G.; Fazio, V.; Gadaleta,
C.D. Complete Response in a Patient with Liver Metastases from Breast Cancer Employing
Hepatic Arterial Infusion 5-Fluorouracil Based Chemotherapy plus Systemic Nab-Paclitaxel.
Oncotarget 2018, 9, 8197-8203.

Que, W.-C.; Huang, Y.-F.; Lin, X.-Y.; Lan, Y.-Q.; Gao, X.-Y.; Wang, X.-L.; Wu, R.-P.; Du, B.; Huang,
X.-B.; Qiu, H.; et al. Paclitaxel, 5-Fluorouracil, and Leucovorin Combination Chemotherapy as

https://encyclopedia.pub/entry/51916 10/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

First-Line Treatment in Patients with Advanced Gastric Cancer. Anticancer Drugs 2019, 30, 302—
307.

Chen, T.; Chen, H.; Jiang, Y.; Yan, Q.; Zheng, S.; Wu, M. Co-Delivery of 5-Fluorouracil and
Paclitaxel in Mitochondria-Targeted KLA-Modified Liposomes to Improve Triple-Negative Breast
Cancer Treatment. Pharmaceuticals 2022, 15, 881.

Elghazaly, H.; Rugo, H.S.; Azim, H.A.; Swain, S.M.; Arun, B.; Aapro, M.; Perez, E.A.; Anderson,
B.O.; Penault-Llorca, F.; Conte, P.; et al. Breast-Gynaecological & Immuno-Oncology International
Cancer Conference (BGICC) Consensus and Recommendations for the Management of Triple-
Negative Breast Cancer. Cancers 2021, 13, 2262.

Gradishar, W.J.; Krasnojon, D.; Cheporov, S.; Makhson, A.N.; Manikhas, G.M.; Clawson, A.; Bhar,
P. Significantly Longer Progression-Free Survival with Nab -Paclitaxel Compared with Docetaxel
as First-Line Therapy for Metastatic Breast Cancer. J. Clin. Oncol. 2009, 27, 3611-3619.

Hu, X.; Wang, B.; Sun, S.; Tang, L.; Zhang, J.; Lv, F.; Wang, Z.; Wang, L.; Zhang, Q.; Zheng, C.;
et al. Cisplatin Improves Antitumor Activity of Weekly Nab-Paclitaxel in Patients with Metastatic
Breast Cancer. Int. J. Nanomed. 2014, 9, 1443-1452.

Wang, B.; Sun, T.; Zhao, Y.; Wang, S.; Zhang, J.; Wang, Z.; Teng, Y.-E.; Cai, L.; Yan, M.; Wang,
X.; et al. ARandomized Phase 3 Trial of Gemcitabine or Nab-Paclitaxel Combined with CisPlatin
as First-Line Treatment in Patients with Metastatic Triple-Negative Breast Cancer. Nat. Commun.
2022, 13, 4025.

Okouneva, T.; Azarenko, O.: Wilson, L.; Littlefield, B.A.; Jordan, M.A. Inhibition of Centromere
Dynamics by Eribulin (E7389) during Mitotic Metaphase. Mol. Cancer Ther. 2008, 7, 2003—-2011.

Pizzuti, L.; Krasniqi, E.; Barchiesi, G.; Mazzotta, M.; Barba, M.; Amodio, A.; Massimiani, G.; Pelle,
F.; Kayal, R.; Vizza, E.; et al. Eribulin in Triple Negative Metastatic Breast Cancer: Critic
Interpretation of Current Evidence and Projection for Future Scenarios. J. Cancer 2019, 10,
5903-5914.

Yonemori, K.; Shimomura, A.; Yasojima, H.; Masuda, N.; Aogi, K.; Takahashi, M.; Naito, Y.;
Shimizu, S.; Nakamura, R.; Hashimoto, J.; et al. A Phase I/ll Trial of Olaparib Tablet in
Combination with Eribulin in Japanese Patients with Advanced or Metastatic Triple-Negative
Breast Cancer Previously Treated with Anthracyclines and Taxanes. Eur. J. Cancer 2019, 109,
84-91.

Hu, X.-C.; Zhang, J.; Xu, B.-H.; Cai, L.; Ragaz, J.; Wang, Z.-H.; Wang, B.-Y.; Teng, Y.-E.; Tong, Z.-
S.; Pan, Y.-Y,; et al. Cisplatin plus Gemcitabine versus Paclitaxel plus Gemcitabine as First-Line
Therapy for Metastatic Triple-Negative Breast Cancer (CBCSGO006): A Randomised, Open-Label,
Multicentre, Phase 3 Trial. Lancet Oncol. 2015, 16, 436—446.

https://encyclopedia.pub/entry/51916 11/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Patel, A.G.; De Lorenzo, S.B.; Flatten, K.S.; Poirier, G.G.; Kaufmann, S.H. Failure of Iniparib to
Inhibit Poly(ADP-Ribose) Polymerase In Vitro. Clin. Cancer Res. 2012, 18, 1655-1662.

Menear, K.A.; Adcock, C.; Boulter, R.; Cockcroft, X.; Copsey, L.; Cranston, A.; Dillon, K.J.;
Drzewiecki, J.; Garman, S.; Gomez, S.; et al. 4--2 H -Phthalazin-1-One: A Novel Bioavailable
Inhibitor of Poly(ADP-Ribose) Polymerase-1. J. Med. Chem. 2008, 51, 6581-6591.

Peto, J.; Collins, N.; Barfoot, R.; Seal, S.; Warren, W.; Rahman, N.; Easton, D.F.; Evans, C.;
Deacon, J.; Stratton, M.R. Prevalence of BRCA1 and BRCA2 Gene Mutations in Patients with
Early-Onset Breast Cancer. JNCI J. Natl. Cancer Inst. 1999, 91, 943-949.

Abdel-Razeq, H.; Al-Omari, A.; Zahran, F.; Arun, B. Germline BRCA1/BRCA2 Mutations among
High Risk Breast Cancer Patients in Jordan. BMC Cancer 2018, 18, 152.

Gelmon, K.A.; Hirte, H.W.; Robidoux, A.; Tonkin, K.S.; Tischkowitz, M.; Swenerton, K.; Huntsman,
D.; Carmichael, J.; Macpherson, E.; Oza, A.M. Can We Define Tumors That Will Respond to
PARP Inhibitors? A Phase Il Correlative Study of Olaparib in Advanced Serous Ovarian Cancer
and Triple-Negative Breast Cancer. J. Clin. Oncol. 2010, 28, 3002.

Murai, J.; Huang, S.-Y.N.; Renaud, A.; Zhang, Y.; Ji, J.; Takeda, S.; Morris, J.; Teicher, B.;
Doroshow, J.H.; Pommier, Y. Stereospecific PARP Trapping by BMN 673 and Comparison with
Olaparib and Rucaparib. Mol. Cancer Ther. 2014, 13, 433-443.

Litton, J.K.; Beck, J.T.; Jones, J.M.; Andersen, J.; Blum, J.L.; Mina, L.A.; Brig, R.; Danso, M.;
Yuan, Y.; Abbattista, A.; et al. Neoadjuvant Talazoparib in Patients with Germline BRCA1/2
Mutation-Positive HER2-Negative Breast Cancer: Results of a Phase 2 Study. 2021 ASCO Annual
Meeting. Abstract 505. Presented 6 June 2021. Available online:
https://ascopost.com/issues/august-10-2021/single-agent-talazoparib-shows-activity-in-the-
neoadjuvant-treatment-of-triple-negative-breast-cancer (accessed on 23 April 2023).

Hurvitz, S.A.; Gongalves, A.; Rugo, H.S.; Lee, K.-H.; Fehrenbacher, L.; Mina, L.A.; Diab, S.; Blum,
J.L.; Chakrabarti, J.; ElImeliegy, M.; et al. Talazoparib in Patients with a Germline BRCA -Mutated
Advanced Breast Cancer: Detailed Safety Analyses from the Phase [l EMBRACA Trial.
Oncologist 2020, 25, e439-e450.

Guney Eskiler, G.; Cecener, G.; Egeli, U.; Tunca, B. Talazoparib Nanoparticles for Overcoming
Multidrug Resistance in Triple-negative Breast Cancer. J. Cell Physiol. 2020, 235, 6230-6245.

Loibl, S.; O’Shaughnessy, J.; Untch, M.; Sikov, W.M.; Rugo, H.S.; McKee, M.D.; Huober, J.;
Golshan, M.; von Minckwitz, G.; Maag, D.; et al. Addition of the PARP Inhibitor Veliparib plus
Carboplatin or Carboplatin Alone to Standard Neoadjuvant Chemotherapy in Triple-Negative
Breast Cancer (BrighTNess): A Randomised, Phase 3 Trial. Lancet Oncol. 2018, 19, 497-5009.

Kalra, M.; Tong, Y.; Jones, D.R.; Walsh, T.; Danso, M.A.; Ma, C.X.; Silverman, P.; King, M.-C.;
Badve, S.S.; Perkins, S.M.; et al. Cisplatin +/- Rucaparib after Preoperative Chemotherapy in

https://encyclopedia.pub/entry/51916 12/13



Poly Adenosine Diphosphate-Ribose Polymerase for Triple-Negative Breast Cancer | Encyclopedia.pub

47.

48.

49.

50.

51.

52.

53.

Patients with Triple-Negative or BRCA Mutated Breast Cancer. NPJ Breast Cancer 2021, 7, 29.

Rucaparib Camsylate by Zr Pharma for Triple-Negative Breast Cancer (Tnbc): Likelihood of
Approval. Available online: https://www.pharmaceutical-technology.com/data-insights/rucaparib-
camsylate-zr-pharma-triple-negative-breast-cancer-tnbc-likelihood-of-approval/?cf-view (accessed
on 11 September 2023).

Neoadjuvant Niraparib Demonstrates Promising Antitumour Activity and Safety in Patients with
Localised HER2-Negative, BRCA-Mutated Breast Cancer. ESMO Oncology News. Available
online: https://www.esmo.org/oncology-news/neoadjuvant-niraparib-demonstrates-promising-
antitumour-activity-and-safety-in-patients-with-localised-her2-negative-brca-mutated-breast-
cancer (accessed on 23 April 2023).

Xu, B.; Sun, T.; Shi, Y.; Cui, J.; Yin, Y.; Ouyang, Q.; Liu, Q.; Zhang, Q.; Chen, Y.; Wang, S.; et al.
Pamiparib in Patients with Locally Advanced or Metastatic HER2-Negative Breast Cancer with
Germline BRCA Mutations: A Phase Il Study. Breast Cancer Res. Treat. 2023, 197, 489-501.

Christie, E.L.; Pattnaik, S.; Beach, J.; Copeland, A.; Rashoo, N.; Fereday, S.; Hendley, J.; Alsop,
K.; Brady, S.L.; Lamb, G.; et al. Multiple ABCB1 Transcriptional Fusions in Drug Resistant High-
Grade Serous Ovarian and Breast Cancer. Nat. Commun. 2019, 10, 1295.

Lombard, A.P.; Liu, C.; Armstrong, C.M.; D’Abronzo, L.S.; Lou, W.; Chen, H.; Dall’Era, M.; Ghosh,
P.M.; Evans, C.P.; Gao, A.C. Overexpressed ABCB1 Induces Olaparib-Taxane Cross-Resistance
in Advanced Prostate Cancer. Transl. Oncol. 2019, 12, 871-878.

Vaidyanathan, A.; Sawers, L.; Gannon, A.-L.; Chakravarty, P.; Scott, A.L.; Bray, S.E.; Ferguson,
M.J.; Smith, G. ABCB1 (MDR1) Induction Defines a Common Resistance Mechanism in
Paclitaxel- and Olaparib-Resistant Ovarian Cancer Cells. Br. J. Cancer 2016, 115, 431-441.

Barchiesi, G.; Roberto, M.; Verrico, M.; Vici, P.; Tomao, S.; Tomao, F. Emerging Role of PARP
Inhibitors in Metastatic Triple Negative Breast Cancer. Current Scenario and Future Perspectives.
Front. Oncol. 2021, 11, 769280.

Retrieved from https://encyclopedia.pub/entry/history/show/117353

https://encyclopedia.pub/entry/51916 13/13



