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What is “Cancer” ? 

Cancer is collection of related genetic-
disease that results when abnormal cells 
divide without control and can invade into 
surrounding tissue. 
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Cancer: Global Health Crisis
Cardiovascular diseases

Neglected tropical diseases and malaria

Neurological disorders

Mental disorders

Chronic respiratory diseases

Digestive diseases

Substance use disorders

Diabetes and kidney diseases

HIV/AIDS and sexually transmitted infections

Respiratory infections and tuberculosis

Enteric infections

Other infectious diseases

Maternal and neonatal disorders

Nutritional deficiencies

Neoplasms

Musculoskeletal disorders

Other non-communicable diseases

Skin and subcutaneous diseases

Injuries

Cardiovascular, 31.8%

(17.8 m)Neoplasm, 17.1%

(9.6 m)

Data were obtained from http://ghdx.healthdata.org/gbd-results-tool (Accessed 10/07/20).

Cancer: 2nd Leading Cause of Death (2017)
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Cancer: Global Health Crisis

https://gco.iarc.fr/ (Accessed on 10/07/2020) 5
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Cancer: Global Health Crisis
Thailand (2018): 

Number of new cases: 170,995

Number of deaths: 114,199

https://gco.iarc.fr/ (Accessed on 10/07/2020) 
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Hallmarks of Cancer
Douglas Hanahan

- 1st transgenic mouse

models of cancer

Robert Weinberg

- Discover Ras, Rb
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Hallmarks of Cancer

PMID: 21376230
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Hallmarks of Cancer

PMID: 21376230
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Therapeutic Targeting of 
the Hallmarks of Cancer

PMID: 21376230
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DNA Damage Responses

•Cells are exposed constantly to various genotoxic stresses 

that can lead to DNA damage. 

•Healthy cells defend themselves against the deleterious 

effects of DNA damage by DNA damage responses 

(DDR), that recognize DNA damage, stall the cell cycle, 

and mediate DNA repair, thus maintaining the integrity of 

the genome.
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DNA Damage Responses

• If left unrepaired or are repaired incorrectly, DNA damage 

can give rise to mutations, deletions, amplifications, and 

chromosomal translocations, leading to development of 

cancers. 
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DNA Damage Responses

PMID: 11357144
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Homologous Recombination (HR)

• A conservative form of DNA repair, 
in that it restores the DNA 
sequence to its original form.

• High-fidelity, error-free damage 
reversal

• BRCA1 and BRCA2 are essential 
for HR. 

PMID: 26775620
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Homologous Recombination (HR)

PMID: 29225334 PMID: 25725131
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BRCA Mutations in Cancers

• BRCA1 and BRCA2 are tumor suppressor genes that, 
when heterozygously mutated in the germ line, confer a 
considerably higher risk of several forms of cancer 
including breast, ovarian, pancreatic and prostate 
cancer. 

• Functional BRCA1 and BRCA2 proteins are crucial to 
the repair of double-stranded DNA breaks by HR.
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BRCA Mutations in Cancers

• Loss of BRCA1 and BRCA2 lead to defect in HR, 
resulting in mutations.

• Some of the mutations that arise in this way may foster 
cancer initiation or progression, potentially explaining at 
least in part why mutations in BRCA1 and BRCA2
increase cancer risk. 
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BRCA Mutations in Cancers

•DNA repair deficiencies associated with BRCA1/2 loss 
represent the Achilles’ heel of these cancer cells, 
which may be exploited in therapies with DNA-
damaging drugs, such as platinum-based compounds, 
or agents that inhibit specific DNA-repair pathways e.g. 
PARP inhibitors. 
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PARPs: Master Regulator for 
DNA Damage Response

• The poly(ADP-ribose) polymerase (PARP) enzymes are 
important sensors of DNA damage that bind to single-stranded 
DNA breaks and other types of DNA damage and subsequently 
act as signal transducers in the DRR pathway.

• PARP enzyme family catalyzes protein post-translational 
ribosylation modification and utilizes nicotinamide adenine 
dinucleotide (NAD+) as a substrate to perform mono- or poly-
ADP-ribosylation (PAR) modification on target protein.
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PARPs: Master Regulator for 
DNA Damage Response
• There are at least 18 members of the PARP family that are 

encoded by different genes and share homology in a conserved 
catalytic domain.

• PARP1 is the most abundant and dominant member of PARP 
family.

• PARP1 is highly expressed and generates the majority of PAR 
polymers. 

• PARP1 plays a critical roles in DNA damage responses and 
genomic stability. 
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PARPs: Master Regulator for 
DNA Damage Response

• Upon DNA damage, PARP1 is recruited to site of damage and is activated.  

• Activated PARP1 post-translationally catalyze covalent attachment of 
poly(ADP-ribose) (PAR) polymer (PARylation) to substrate proteins. 

• PARP1, histones, transcription factors, chromatin modulators

• The PARylation due to PARP1 is using NAD+ as an ADP-ribose donor. 

• PAR polymer is essential for recruitment of DNA repair machinery.

• As a result, DNA damage is repaired, and cell viability is maintained.
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Hence, PARP1 is an attractive target for cancer therapy. 



PARPs: Master Regulator for 
DNA Damage Response

PMID: 27240471PMID: 31877876
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PARPs: Master Regulator for 
DNA Damage Response

PMID: 28676700
PMID: 21989215
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PARPs: Master Regulator for 
DNA Damage Response

24
PMID: 28302823



PARPs: Master Regulator for 
DNA Damage Response
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PMID: 22391446

PARG = PAR glycohydrolase

https://www.ncbi.nlm.nih.gov/pubmed/22391446


PARP Inhibitors 

•PARP inhibitors are designed to compete with 
NAD+ at the catalytic site of PARP.

•All FDA-approved PARPi imitate the 
nicotinamide moiety of NAD+, and bind to the 
PARP catalytic domain, inhibiting auto modification 
and subsequent release of the enzyme from the 
site of DNA damage.
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PMID: 20045315

Nicotinamide of NAD+

binds to active site of PARP1.

The benzamide core 

pharmacophore shared by all 

clinical PARPi. 

PMID: 32066817

PARP Inhibitors 
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• PARP inhibitors (PARPi) first entered the clinic in 2003 in 
combination with DNA-damaging cytotoxic agents on the basis 
of preclinical data showing both chemo- and radiopotentiation
with this class of compounds.

• However, all of the early studies demonstrated the same clinical 
challenge—inhibiting the repair of DNA strand breaks also 
enhances normal tissue toxicity, especially 
myelosuppression, which is dose limiting with many cytotoxic 
agents. 
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• In 2005, the first preclinical data were published 
that demonstrated the concept of “synthetic 
lethality” between BRCA1/2 genetic defects and 
pharmacologic PARP inhibition, and these data 
suggested that there may be single-agent activity 
with this class of agents.
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Synthetic Lethality Therapy

• Synthetic lethal interactions are a form of context- dependent 
essentiality, in which a genetic alteration, e.g. defect in a tumor 
suppressor gene, causes a second gene to become 
essential for cell survival. 

• Pharmacological inhibition of the product of this second, 
synthetic lethal gene would be lethal to tumour cells but leave 
nonmalignant cells largely unaffected.

• Therefore, synthetic lethality provides an approach that can 
be used to selectively target tumor cells and spare the 
patient’s nonmalignant cells.
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Synthetic Lethality Therapy with PARPi
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Synthetic 

Normal cells

Cells with 

BRCA mutation

Normal cells with 

PARPi

Cells with 

BRCA mutation + PARPi

BRCA PARP

Viable Viable Viable Cell death

BRCA PARP BRCA PARP BRCA PARPX X X X
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•Catalytic inhibition is not the only mechanism by which 
PARP inhibitors exert cytotoxic effects.

• PARP Trapping has been proposed as an additional 
pathway for cytotoxic effects of PARPi. 
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•When DNA damage occurs in the presence of a PARPi, 
PARP1 binds to damage sites and remains tightly 
bound or trapped onto the chromatin. 

• PARylation is inhibited, and PARP1 remains bound to 
the lesion, which progresses DNA double-strand 
breaks. 
• In HR–competent cells, DNA damage is repaired by the HR 

pathway, and cells remain viable. 

• In HR-defective cells such as BRCA 1/2 mutants, DSB 
damage is not repaired with high fidelity, resulting in cell 
death.
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PARP Trapping: 
Additional Mechanism for PARPi
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Timeline for PARP Inhibitors
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1994

Discovery of BRCA1

1995

Discovery of BRCA2 
2005

Synthetic lethality 

of PARPi

2014

FDA approved 

olaparib

2016

FDA approved 

rucaparib

2017

FDA approved 

niraparib

2018

FDA approved 

talazoparib



PARP Inhibitors

•PARP inhibitors provided the first clinical 
exemplification of synthetic lethality in 
oncology. 

•PARP inhibitors is the first personalized 
medicine in ovarian cancer and prostate cancer.  
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Approval Indications of PARPi (May 2018)
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Latest Approved Indications of PARPi

•Olaparib
•On December 19, 2018, the USFDA approved 

olaparib for the maintenance treatment of adult 
patients with deleterious or suspected deleterious 
germline or somatic BRCA-mutated (gBRCAm or 
sBRCAm) advanced epithelial ovarian, fallopian 
tube or primary peritoneal cancer who are in 
complete or partial response to first-line platinum-
based chemotherapy.
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Latest Approved Indications of PARPi

•Olaparib
•On December 27, 2019 the USFDA approved 

approved olaparib for the maintenance treatment of 
adult patients with deleterious or suspected 
deleterious germline BRCA-mutated (gBRCAm) 
metastatic pancreatic adenocarcinoma, as 
detected by an FDA-approved test, whose disease 
has not progressed on at least 16 weeks of a first-line 
platinum-based chemotherapy regimen.
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Latest Approved Indications of PARPi

•Olaparib
• On May 8, 2020, the USFDA approved expanded the 

indication of olaparib to include its combination with 
bevacizumab for first-line maintenance treatment of 
adult patients with advanced epithelial ovarian, fallopian 
tube, or primary peritoneal cancer who are in complete 
or partial response to first-line platinum-based 
chemotherapy and whose cancer is associated with 
homologous recombination deficiency positive status 
defined by either a deleterious or suspected 
deleterious BRCA mutation, and/or genomic instability.
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Latest Approved Indications of PARPi

•Olaparib
•On May 19, 2020, the USFDA approved olaparib for 

adult patients with deleterious or suspected 
deleterious germline or somatic homologous 
recombination repair (HRR) gene-mutated 
metastatic castration-resistant prostate cancer 
(mCRPC), who have progressed following prior 
treatment with enzalutamide or abiraterone.
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Latest Approved Indications of PARPi

•Niraparib
• On October 23, 2019,the USFDA approved for patients with 

advanced ovarian, fallopian tube, or primary peritoneal 
cancer treated with three or more prior chemotherapy 
regimens and whose cancer is associated with 
homologous recombination deficiency (HRD)-positive 
status. HRD is defined by either a deleterious or suspected 
deleterious BRCA mutation, or genomic instability in 
patients with disease progression greater than six months 
after response to the last platinum-based chemotherapy.
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Latest Approved Indications of PARPi

•Rucaparib
•On May 15, 2020, the USFDA granted accelerated 

approval to rucaparib for patients with 
deleterious BRCA mutation (germline and/or 
somatic)-associated metastatic castration-
resistant prostate cancer (mCRPC) who have been 
treated with androgen receptor-directed therapy and 
a taxane-based chemotherapy.
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Resistances to PARPi

•Resistance to PARPi poses a significant barrier to the 
long-term survival and treatment options of patients with 
BRCA1- and BRCA2-mutated cancers.

• A large fraction of patients with tumors that are 
potentially amenable to therapy either do not respond to 
PARPi treatment or rapidly develop clinical resistance.

• Acquired resistance is becoming a significant problem.
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Resistances to PARPi
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Future Directions

•Novel biomarker for prediction of PARP susceptibility 
and resistance

•Combination therapies with other agents

•New technology (e.g. CRISPR–Cas9 mutagenesis) and 
conceptual advances will speed the discovery of new 
clinically applicable synthetic lethal interactions.

• Synthetic lethality beyond BRCA

• Targeting other defects in DDR 
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Conclusions

• PARP inhibitors are promising strategy for treatment 
against HR-deficient tumors through synthetic 
lethality. 

• Applying the synthetic lethal principle to identifying 
additional approaches to treating the disease has clear 
potential, and it is expected that a number of the 
synthetic lethal effects identified in preclinical studies 
will in time be able to be assessed in the clinic.
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