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Abstract

and limitations in cancer treatment.

Poly (ADP-ribose) polymerase (PARP) inhibitors have emerged as a significant class of targeted therapies in
oncology, particularly in the treatment of cancers with homologous recombination deficiency, such as those with BRCA
mutations. This review explores the molecular mechanisms underlying PARP inhibitors, their clinical efficacy, and the
challenges associated with their use. By providing a detailed examination of the pharmacodynamics, clinical trials, and
potential future directions of PARP inhibitors, this article aims to enhance understanding of their therapeutic potential
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Introduction

PARP inhibitors have emerged as a promising class of drugs in the
treatment of various cancers, including ovarian, breast, and prostate
cancers. Their mechanism of action is primarily based on the inhibition
of poly (ADP-ribose) polymerase, an enzyme crucial for the repair of
single-strand DNA breaks. This inhibition leads to the accumulation of
DNA damage, ultimately inducing cell death, particularly in cancer cells
with defective DNA repair mechanisms. The use of PARP inhibitors
has been most effective in cancers associated with mutations in the
BRCA1 and BRCA2 genes, which play key roles in the homologous
recombination repair pathway. This article aims to provide an in-depth
analysis of PARP inhibitors, discussing their development, clinical
applications, challenges, and future perspectives in oncology [1,2].

Description

The mechanism of action of PARP inhibitors revolves around the
disruption of the DNA damage repair process. In cells with intact
BRCA1/2, the repair of DNA double-strand breaks is efficiently carried
out through homologous recombination. However, in cells harboring
BRCA mutations, this repair pathway is compromised. PARP inhibitors
exploit this deficiency by preventing the repair of single-strand DNA
breaks, leading to the accumulation of DNA damage. In normal cells,
PARP inhibition results in synthetic lethality, wherein the inability to
repair both single- and double-strand breaks leads to cell death. This
strategy selectively targets cancer cells with defective DNA repair while
sparing normal cells [3].

Several PARP inhibitors, including olaparib, rucaparib, niraparib,
and talazoparib, have received approval for clinical use in various
cancer types. Their efficacy has been particularly notable in ovarian
cancer, where they have shown significant improvements in
progression-free survival in patients with BRCA mutations. Clinical
trials have also demonstrated the potential of PARP inhibitors in other
cancers, including breast, prostate, and pancreatic cancers, often in
combination with other chemotherapies or immunotherapies. Despite
the promising results, the clinical application of PARP inhibitors is not
without challenges. Drug resistance, toxicity, and patient heterogeneity
remain significant hurdles that need to be addressed to maximize their
therapeutic potential [4].

Results

Numerous clinical trials have demonstrated the efficacy of PARP

inhibitors in treating cancers with BRCA mutations. In ovarian cancer,
olaparib has shown a substantial improvement in progression-free
survival, particularly in patients with platinum-sensitive recurrent
disease. Similarly, rucaparib and niraparib have demonstrated
significant antitumor activity in ovarian cancer patients who have
previously been treated with chemotherapy. In breast cancer, patients
with BRCA mutations have also benefitted from the use of PARP
inhibitors, with significant improvements in progression-free survival.
Moreover, PARP inhibitors have shown promise in prostate cancer,
particularly in metastatic castration-resistant prostate cancer with
DNA repair deficiencies. Clinical data have also suggested that the
combination of PARP inhibitors with other therapeutic modalities, such
as immune checkpoint inhibitors, may enhance their efficacy, although
more research is needed to fully understand these combinations [5-7].

Discussion

While PARP inhibitors have demonstrated promising clinical
efficacy, several challenges remain. One of the major limitations is
the development of resistance to PARP inhibitors, which may occur
through various mechanisms, including restoration of homologous
recombination repair, upregulation of drug efflux pumps, and
alterations in drug metabolism. Identifying biomarkers to predict
resistance and guide treatment decisions is an area of active research.
Additionally, the toxicity profile of PARP inhibitors, though generally
manageable, can include hematologic toxicities, gastrointestinal issues,
and fatigue. Strategies to minimize these side effects, such as dose
optimization or combination therapies with lower toxicity profiles, are
under investigation [8].

Another critical area of interest is the potential for extending the
use of PARP inhibitors to other cancer types beyond those with BRCA
mutations. Clinical trials are exploring the efficacy of PARP inhibitors
in cancers without BRCA mutations, including those with defects in
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other DNA repair pathways, such as ATM or PALB2 mutations. The
potential for combining PARP inhibitors with immunotherapies or
targeted therapies is also being explored to enhance their effectiveness
and overcome resistance mechanisms. Furthermore, the role of PARP
inhibitors in adjuvant settings, as well as their potential in combination
with chemotherapy, is an area of ongoing investigation [9,10].

Conclusion

PARP inhibitors represent a groundbreaking advancement in
cancer therapy, offering significant clinical benefits, particularly in
cancers with homologous recombination deficiencies, such as those
harboring BRCA mutations. Their ability to exploit the weaknesses of
DNA repair mechanisms in cancer cells has transformed the treatment
landscape for several cancer types. However, challenges related to
resistance, toxicity, and the need for better patient selection and
biomarker identification persist. Ongoing clinical trials and research
into combination therapies, as well as the exploration of their use in
a broader range of cancers, hold great promise for the future of PARP
inhibitors in oncology. As the understanding of their mechanisms and
clinical applications deepens, PARP inhibitors are likely to become an
integral component of personalized cancer treatment strategies.
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