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Abstract

Introduction

Ovarian cancer is a leading cause of cancer mortality globally due to late-stage diagnosis and

limited treatment options. PARP inhibitors have shown promise as effective treatments for

recurrent and various stages of ovarian cancer.

Aim of the Study

This study reviews the efficacy and application of PARP inhibitors in ovarian cancer

treatment over the past 15 years, focusing on literature from the PubMed database post-2009

and considering FDA and EMA guidelines.

Review methods

A literature review was conducted using the PubMed database, focusing on studies published

after 2009. The review also incorporated recommendations from the FDA and the European

Medicines Agency regarding the use of PARP inhibitors in ovarian cancer treatment.

Results

The findings highlight the substantial impact of PARP inhibitors on ovarian cancer treatment,

improving PFS and overall outcomes. Olaparib, niraparib, and rucaparib have become integral

to ovarian cancer management, offering effective options for patients with BRCA mutations

or homologous recombination deficiencies. These inhibitors have been validated in multiple

clinical trials, underscoring their robustness and effectiveness. Combination therapies, such as

olaparib with bevacizumab, further enhance therapeutic outcomes, showcasing the potential

for synergistic effects.

Summary

PARP inhibitors represent a significant advancement in ovarian cancer treatment, offering

improved survival outcomes for patients with specific genetic profiles. Their integration into
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standard care protocols underscores their importance and efficacy, providing valuable

therapeutic options in the fight against ovarian cancer.

Keywords: PARP inhibitors, ovarian cancer, ovarian cancer treatment

Introduction

Ovarian cancer is the fifth most common cause of cancer death in the USA, and

approximately 140,000 people die annually around the world. This disease is very insidious,

its symptoms appear very subtle, ovarian cancer is usually diagnosed at an advanced stage,

which means that treatment options are quite limited.[1] PARP inhibitors are effective against

recurrent ovarian cancer and are also effective in various stages of this disease. In the article

we present information about this group of drugs that are available in Ovarian Cancer

treatment. [2]

Material and method of research

In this work, we used a literature review using the PubMed database, we excluded

works from before 2009, this work is a summary of information on PARP inhibitors from the

last 15 years, with most of the works we used were published after 2020. The work also takes

into account the recommendations of the FDA and the European Medicines Agency regarding:

applications of PARP inhibitors.

PARP inhibitors

Surgery with complementary chemotherapy is the current standard of care for the

treatment of advanced ovarian cancer. Despite treatment, the prognosis for patients is poor

due to rapid relapse and frequent development of resistance to therapy. Therefore, therapies
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targeting DNA repair mechanisms, particularly PARP proteins, are becoming more important.

[3]

The PARP family of proteins consists of 17 enzymes, of which PARP-1, PARP-2 and

PARP-3 are mainly involved in the repair of DNA damage. [4]

The discovery in 1980 by Sydney Shall's research group of the increased cytotoxic

effects of methylating agents after inhibition of the PARP-1 enzyme contributed to the

development of PARP inhibitors. [5]

The development of PARP inhibitor therapy is based on a new concept in oncology

called "synthetic lethality". According to this, two genetic defects are lethal if they occur in

the same cell. There are many mechanisms of repairing damaged DNA. Two of these are of

particular interest to scientists because they offer the possibility of new therapies for ovarian

cancer patients. These include PARP family protein-dependent mechanisms related to the

recognition and excision of base pairs in a single strand of DNA and homologous

recombination (HR) repair mechanisms mediated by BRCA1 and BRCA2 proteins play a key

role in repairing double-stranded DNA breaks. [6] This knowledge has been applied to the

treatment of PARP inhibitors, which block the activity of the PARP protein by acting through

competition with NAD + in the PARP catalytic domain. This consequently leads to blockage

and collapse of the replication fork, resulting in a double-strand break (DSB). Cells in which

the HR mechanism works properly can repair DSB. In turn, the accumulation of DSBs that

have a cytotoxic effect leads to cell death. This occurs when HR-mediated double-stranded

DNA repair mechanisms are impaired (as is the case with BRCA1/ BRCA2 mutations or

other HR deficiencies). [4,6,7]

PARP inhibitors approved by the Food and Drug Administration (FDA) for the

treatment of ovarian cancer include olaparib, rucaparib and niraparib. [4] PARP inhibitor

therapy for ovarian cancer initially included only patients with confirmed BRCA1 or BRCA2

mutations. As further studies are conducted, their usefulness has also been demonstrated in

homologous recombination deficiencies (HDR) patients regardless of BRCA1 or BRCA2

mutations. [8]

PARP inhibitors are currently used in first-line and recurrent platinum-sensitive

ovarian cancer in patients with known mutations in the BRCA1/BRCA2 or other HDR. [6]
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Olaparib

Olaparib is a PARP inhibitor. Used in the maintenance treatment of platinum-sensitive

ovarian cancer, it induces synthetic lethality in tumor cells with HDR (including

BRCA1/BRCA2 mutations), prolonging survival in first-line treatment and in recurrent

disease. [12]

The study that confirmed the efficacy of olaparib in the treatment of recurrent

platinum-sensitive advanced ovarian cancer was the randomized Study 19. 265 patients were

enrolled in the study. The condition for inclusion was recurrent ovarian cancer after at least 2

courses of platinum-based chemotherapy. Patients were randomly assigned to a group of 136

women who received 400 mg of olaparib twice a day and to a group of 129 women who

received a placebo (pills without the active substance). The study showed an improvement in

progression-free survival (PFS) in the olaparib group compared to the placebo group (8.4

months vs. 4.8 months). However, it has not been shown to improve overall survival (OS).

Subsequent analysis of data from Study 19 showed a significant therapeutic benefit in patients

with a BRCA mutation (originally not a necessary condition for inclusion in the study). [13,14]

The efficacy of maintenance treatment in patients with BRCA1/2 mutations advanced

platinum-sensitive ovarian cancer was confirmed in the randomised phase 3 SOLO-2 trial.

Inclusion criteria were advanced ovarian cancer after at least two lines of platinum-based

chemotherapy and a mutation in the BRCA1/2 genes. The trial enrolled 295 patients. A group

of 196 patients were randomly assigned to receive olaparib 300 mg twice a day, while 99

patients were assigned to the placebo group (pills without the active substance). The study

showed a significant improvement in PFS in patients who received olaparib (19.1 months vs.

5.5 months). [15]

The results of Study 19 and SOLO-2 contributed to the 2017 FDA approval of

olaparib for the maintenance treatment of recurrent, platinum-sensitive ovarian cancer. [9]

The phase 3 SOLO-1 trial contributed to the 2018 approval of olaparib as a

maintenance treatment for patients with advanced ovarian cancer who have a BRCA1/2

mutation. [10]
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The SOLO-1 trial was performed in 391 patients with advanced ovarian cancer.

Inclusion criteria were a somatic or germline BRCA1/2 mutation and a complete or partial

response to platinum-based chemotherapy. 260 patients were randomly enrolled in the group

taking olaparib 300 mg twice daily, while 131 were enrolled in the placebo group (pills

without the active substance). After a median follow-up of 41 months, patients taking olaparib

had a 70% lower risk of disease progression or death compared to the placebo group. [16]

Patients from the SOLO-1 trial were followed for an additional 5 years. It was

conducted to determine the median PFS, which was 56 months in the olaparib group

compared to 13.8 months in the placebo group. [17]

Another treatment for ovarian cancer is combination therapy with olaparib and

bevacizumab. The efficacy of this therapy was evaluated in the randomized Phase 3 PAOLA-

1/ENGOT-ov25 trial. The inclusion criteria for this study was advanced ovarian cancer that

showed a partial or complete response to platinum-based chemotherapy. Regardless of BRCA

mutation status, patients were eligible. Of the 806 patients randomized, 537 received olaparib

pills at a dose of 300 mg twice daily and 269 received placebo (pills without the active

substance). In addition, all patients received bevacizumab every three weeks for a total of up

to 15 months. The median follow-up period in the trial was 22.9 months. The final results

were as follows: PFS for the combination therapy (olaparib and bevacizumab) was 22.1

months compared to 16.6 months for the placebo group. Patients from the above study

underwent additional analysis for therapeutic benefit with BRCA or HDR mutations. It was

shown that in patients with a BRCA mutation who received olaparib, the median PFS was

37.2 months compared to 21.7 months in the placebo group. In contrast, in patients with HDR,

the median PFS was 37.2 months in the olaparib group and 17.7 months in those taking

placebo. [18]

The PAOLA-1/ENGOT-ov25 trial contributed to the FDA approval in 2020 of

olaparib and bevacizumab as combination maintenance therapy for advanced ovarian cancer

in patients with HR mutations. [11]

For this reason, in the case of ovarian cancer patients, it is important to evaluate not

only BRCA mutations but also other HDRs, so it seems important to develop new tests for

biomarkers in patients.
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246 of the 264 patients experienced one or more adverse events (AEs). AEs with an

incidence that was at least 10% higher in the olaparib group than in the placebo group were

nausea, fatigue, vomiting and anemia. These adverse reactions did not require treatment

discontinuation in either the olaparib or placebo groups. A higher proportion of patients in the

olaparib group experienced dose interruptions or dose reductions (27.9% and 22.8%,

respectively) as a result of adverse reactions compared to the placebo group (8.6% and 4.7%).

AEs leading to permanent discontinuation occurred in three patients receiving olaparib (one

each with palpitations and myalgia, erythematous rash, and nausea and small bowel

obstruction) and one patient receiving placebo (nausea); The investigator considered all of

these AEs to be related to Grade 2 treatment. [13]

Niraparib

Niraparib is a PARP inhibitor that is approved for use as maintenance therapy in

adults with advanced ovarian cancer with complete or partial response to platinum-based

therapy. [19]. The indications for the use of niraparib are maintenance therapy in adult

patients with advanced (FIGO stage III or IV), poorly differentiated ovarian, ovarian,

fallopian tube or peritoneal cancer who responded after treatment with first-line

chemotherapy based on platinum derivatives. [20] It is an anticancer drug used in the

treatment of ovarian cancers, especially those with BRCA1 and BRCA2 gene mutations. Its

action is based on the inhibition of PARP1 and PARP2, which are involved in DNA repair

processes in cancer cells. [21] The cytotoxic effect of niraparib is observed regardless of

disturbances in the expression of tumor suppressor genes - BRCA1 and BRCA2; it has also

been shown that the "wild-type" mutation with deficiency in homologous recombination (HR)

does not cause disturbances in the action of niraparib. [22]

The effect of niraparib is confirmed by the studies conducted, i.e. ENGOT-

OV16/NOVA. In this randomized, double-blind phase III study, patients were stratified

according to the presence or absence of a mutation in the germline BRCA gene (gBRCA) and

a type of mutation other than the BRCA gene and were assigned to random groups to receive

Niraparib at a dose of 300 mg or placebo (pills without the active substance) once a day. The

study involved dividing the group into people with a BRCA gene mutation and those without

the mutation and comparing OS to the group receiving placebo. Of the 553 patients included

in the study, 203 of them belonged to the gBRCA mutation group (138 of them received
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niraparib, 65 placebo), another 350 people did not belong to the gBRCA mutation group (234

received niraparib, 116 placebo). The study results were as follows: Patients in the niraparib

group had significantly longer median PFS than patients in the placebo group, including 21.0

vs. 5.5 months in the gBRCA mutation group vs. 12.9 months vs. 3.8 months in the gBRCA

mutation group without gBRCA mutations [22]. Among patients with platinum-sensitive,

recurrent ovarian cancer, the median PFS was significantly longer among patients receiving

niraparib than among patients receiving placebo, regardless of the presence or absence of a

gBRCA mutation [8].

The PRIMA/ENGOT-OV26/GOG-3012 clinical trial also showed that patients who

responded to platinum-based chemotherapy receiving niraparib had a significantly longer PFS,

compared to those receiving placebo (pills without the active substance). The results of the

mentioned study were as follows: of the 733 randomized patients, 373 (50.9%) had tumors

deficient in homologous recombination. The primary endpoint of the study was PFS in

patients with homologous recombination (HR)-deficient tumors and in patients in the overall

population. Among patients in this category, progression was significantly longer in the

niraparib group than in the placebo group (21.9 months vs. 10.4 months). In the overall

population (HR-deficient and non-HR-deficient subjects), the corresponding PFS was 13.8

months and 8.2 months. In the 24-month interim analysis, the overall survival rate was 84% in

the niraparib group and 77% in the placebo group [23]

As with other PARP inhibitors, adverse events occurred less frequently with placebo

than with niraparib. Adverse drug reactions (ADRs) were reported in the PRIMA study and

may require discontinuation of niraparib. Discontinuation due to AEs occurred in 12.0%

(niraparib group) and 2.5% (placebo group) of patients. Adverse reactions related to Grade 3

or 4 hypertension may occur. In the PRIMA study, these events were reported in 6% of

patients receiving niraparib and 1% of patients receiving placebo. Monitoring of blood

pressure is recommended during treatment with niraparib. During the PRIMA study, the most

common grade ≥ 3 adverse events were hematological events. Grade ≥ 3 AEs (defined as

MedDRA terms) with an incidence of ≥ 10% in patients treated with niraparib included

neutropenia, anemia, platelet counts, and thrombocytopenia. One case of myelodysplastic

syndrome (MDS) was reported during treatment with niraparib in the PRIMA study. [24]
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Rucaparib

Rucaparib is an inhibitor of PARP polymerase group enzymes, including PARP-1 and

PARP-2. In vitro studies have shown that rucaparib-induced toxicity is associated with the

inhibition of PARP enzymatic activity and blocking of PARP-DNA complexes, resulting in

increased incidence of DNA damage, apoptosis and cell death.[25] It has shown antitumor

activity in ovarian cancer [25]. Rucaparib monotherapy has been approved by the FDA for the

maintenance treatment of adult patients with recurrent epithelial ovarian cancer who have

responded to platinum-based chemotherapy and for the treatment of patients with deleterious

BRCA1 or BRCA2 mutations (germline and/or somatic) associated with advanced ovarian

cancer that has been treated with ≥2 chemotherapy [26].

The ARIEL3 study demonstrated the exceptional benefit (progression-free survival of

≥2 years) of rucaparib. ARIEL3 is a randomized, placebo-controlled, double-blind study of

the oral small molecule PARP of rucaparib, in which rucaparib is used for the maintenance

treatment of recurrent ovarian cancer of figo stages III and IV. In this study, patients with

recurrent, platinum-sensitive, high-grade ovarian cancer who responded to the last platinum-

based regimen were randomized in a 2:1 ratio to receive maintenance therapy with rucaparib

(600 mg twice daily) or placebo (placebo group not available). There were 375 patients in the

study group and 189 patients in the placebo group. Features such as genomic alterations,

BRCA1 promoter methylation, and baseline clinical characteristics were assessed by

examining the unique benefits compared to progression in the first study (short-term subgroup)

and other efficacy outcomes.[27]

A total of 564 patients were enrolled in the ARIEL 3 study. Based on central (tissue

and germline) or local examinations, 218 patients were diagnosed with BRCA-mutated

carcinoma (143/375 in the rucaparib group; 75/189 in the placebo group). In the rucaparyb

group, 79/375 patients had exceptional benefits and 52/375 had progression-free survival of

≥3 years, including 26/375 with progression-free survival of ≥4 years. Of the placebo group,

only 4/189 patients had an exceptional benefit, while 62/189 patients experienced disease

progression. [27]

The majority (68/79) of patients treated with rucaparib in the exceptional benefit

group achieved a longer PFS in ARIEL3 compared to the penultimate platinum-free period,

indicating that patients with exceptional benefits obtained more lasting benefits from
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rucaparib maintenance therapy after the last line of platinum-based therapy than from the

penultimate treatment. [27]

The molecular characterization of high-grade ovarian cancer also had a strong impact

on whether the patient benefited exceptionally from rucaparib maintenance therapy. A higher

incidence of exceptional benefit was observed in cancer patients with homologous

recombination deficiency; 32.2% of patients with high-grade ovarian cancer who had a

change in BRCA experienced exceptional benefits. In the wild-type BRCA population,

exceptional benefits were more common in cancer patients with high rates of heterozygosity

loss (LOH) (i.e., without evidence of homologous recombination deficiency [HRD]) than in

cancer patients with low LOH. Patients in the rucaparib treatment arm with RAD51C or

RAD51D alteration showed a very high incidence of exceptional benefit (6/10), in contrast to

patients with mutations in other homologous recombination repair genes (1/20), in contrast to

patients with mutations in other HRL repair genes. In the placebo arm none of the molecular

features summarized above were significantly associated with PFS outcomes. The results of

the study suggest that rucaparib may provide exceptional benefits to a diverse group of

patients with recurrent high-grade ovarian cancer. [27]

In an open-label, phase 1/2 Study 10, efficacy, safety and pharmacokinetics were

considered, and based on this, the recommended dose of rucaparib administered orally as

monotherapy in phase 2 was determined and evaluated. The study included patients with

highly malignant, recurrent ovarian cancer with BRCA mutations, following prior 2-4 (part

2A) or 3-4 (part 2B) chemotherapy. Fifty-four patients participated in the study: 42 in group

2A patients had platinum hypersensitivity disease and 12 in group 2B, in this group 4 patients

had platinum hypersensitivity disease and 8 patients were platinum resistant. Patients took

rukaparib- 600 mg BID by oral route in continuous 21-day cycles until disease progression,

treatment was stopped or unacceptable toxicity occurred. When one patient experienced

disease progression, but the investigator felt it would still be beneficial for the patient to

remain on therapy, treatment could be continued. The results indicate that PARP inhibitors

are an effective treatment option for patients with high-grade ovarian cancer with BRCA

mutations who have previously received multiple rounds of chemotherapy (≥2). [28]
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To date, to our knowledge, only the ARIEL4 and SOLO3 studies have presented data

on a direct comparison of a PARP inhibitor with chemotherapy in patients with recurrent

advanced ovarian cancer with a BRCA mutation. In both of these studies, the incidence of

adverse events leading to discontinuation of treatment was lower with a PARP inhibitor than

with chemotherapy. These findings suggest that PARP inhibitors may provide an alternative,

better tolerated option for some patients. [28]

In study 10, rucaparib reported both non-haematological (nausea, weakness, vomiting,

constipation, increased ALT/AST, abdominal pain, headache, increased blood creatinine,

diarrhea) and hematological adverse reactions (TEAE: anemia/decreased hemoglobin

followed by thrombocytopenia/low blood platelet count and neutropenia/decreased neutrophil

count). Rucaparyb was discontinued due to TEAE in three patients who were considered

treatment-related: a patient with anemia, thrombocytopenia and asthenia; patient with nausea

and fatigue; and a patient with hyperventilation. [28]

Discussion

Advances in oncological treatment and increasingly better scientific evidence for the

effectiveness of PARP have contributed to their increasingly common use in cancer therapy.

There are more and more reports in the literature on the safety, effectiveness, and also risk of

using PARP inhibitors. The Extensive Guo et all. Meta-analysis on Olaparib included eight

RCTs (Randomized Control Trials) describing 1957 patients, of whom 786 were diagnosed

with ovarian cancer, 302 with breast cancer, 649 with gastric cancer, and 220 with small cell

lung cancer. The above work proved the extension of PFS in ovarian, gastric, and breast

cancer [29]. Improved OS was only proven in gastric cancer. Although the effects of

treatment are satisfactory, PARP therapy is not free from complications, The Guo study

proved a statistically significant occurrence of anemia in patients treated with Olaparib. In the

third phase of the SOLO1 study on a Chinese cohort group conducted by WU et al. Anemia

was observed in 59.1% of patients. [30]. In the literature, the leading cause of anemia in cases

treated with olaparib is considered to be vitamin B12 and folic acid deficiency [31]. In

contrast to these reports is the retrospective study conducted by Shirashi et al., where

mactocytic or normocytic anemia was observed without folic acid and vitamin B12 deficiency,

the authors of the above study draw attention to the cumulative dose of early carboplatin
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administration in the studied patients, which is the standard of oncological treatment in

ovarian cancer [32]. In the study by Kaye et al., the frequency of adverse events of olaparib

was compared in comparison with pegylated doxorubicin, taking into account such adverse

events as anemia, nausea, vomiting, fatigue, abdominal pain, diarrhea, gastritis and urinary

tract infections. Clearly lower toxicity of olaparib in doses of 200 mg twice daily and 400 mg

twice daily than pegylated doxorubicin [33]. The above observations seem to be satisfactory

in the context of treatment with Olaparib. However, further studies are required to compare

the toxicity of olaparbib with other Chemotherapeutics agents

Also in the case of treatment of patients with advanced ovarian cancer with Niraparib,

a significant prolongation of PFS was observed compared to placebo. In the Gonzalez-Martin

et al. study, a significant reduction in the risk of disease progression or death was proven in

this group of patients regardless of the age of receiving neoadjuvant chemotherapy, total or

partial sensitivity to platinum and the status of homologous recombination. Niraparib is also

characterized by a wide range of side effects, in the cited study it was determined that the

percentage of patients deciding to reduce the dose or discontinue therapy was from 70.9% to

79.5%. The most common side effects were anemia, nausea, thrombocytopenia, constipation,

fatigue and headaches [23]. These observations are confirmed by an extensive meta-analysis

performed by Pagkali covering 1539 patients. This study showed a significantly significant

percentage of side effects of niraparib compared to placebo in terms of nausea, fatigue,

anemia, neutropenia, thrombocytopenia, headaches, vomiting and constipation and

hypertension [34].

Rucaparib is also a drug characterized by prolonging PFS and OS in patients with

Higrade ovarian tumor compared to the control group, its most common side effects include

nausea, vomiting, constipation, diarrhea, neutropenia and thrombocytopenia [35]. There are

also reports of the possibility of the occurrence of resistance mechanisms to PARP inhibitors

induced by Rucaparib, however, this requires confirmation in further studies [36].

Each case of ovarian cancer requires a thorough analysis of the clinical and molecular

status, this poses dilemmas for clinicians regarding the effectiveness of individual therapeutic

paths, the potential occurrence of adverse effects and patient safety. Reasonable,

individualized decisions are most important to enhance therapeutic benefits and minimize

potential risks, the progress in oncological treatment and the future of patients require further
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large-scale, multi-center studies on representative groups. Such action will certainly

contribute to improving the still unsatisfactory treatment results of ovarian cancer patients.

Results

The development of PARP inhibitors enables significant development of ovarian

cancer treatment. PARP inhibitors are substances targeting DNA strand repair mechanisms,

these drugs inhibit the activity of PARP family proteins, their action is based on the concept

of synthetic lethality. In this concept, inhibition of PARP proteins causes the accumulation of

cytotoxic DNA strand breaks, with impaired homologous recombination (HR) mechanism,

which results in the induction of cancer cell death. Such action is particularly visible in cells

with a defect in the BRCA1/2 genes [3-7]

One of the most important and best known PARP inhibitors is Olaparib, this drug has

obtained FDA approval for the treatment of recurrent platinum-sensitive ovarian cancer, as

well as in maintenance therapy. According to FDA reports, Olaparib also improves

progression-free survival (PFS), especially in patients with BRCA mutations [9-11]

The SOLO-1 study highlights that in first-line maintenance treatment of advanced

ovarian cancer with BRCA1/2 mutations, the use of olaparib has shown significant

improvement in PFS [10,16,17] Additionally, the combination of olaparib with another

anticancer drug - bevacizumab, extends PFS, regardless of the presence or absence of BRCA

mutations.

Niraparib is another drug from the PARP inhibitor group, this drug, like olaparib, has

shown efficacy in maintenance treatment of ovarian cancer, especially in advanced stages of

the disease. The PRIMA/ENGOT-OV26/GOG-3012 study demonstrated the efficacy of

niraparib, demonstrating improvement in PFS in patients with HR deficiency, extending the

time by 10 months [23]. In patients with complete and partial response to platinum-based

therapies, niraparib also prolonged PFS, also regardless of BRCA mutation status[19-21].

Rucaparib, the last drug we focused on in our work, has been shown to be effective in

the maintenance therapy of recurrent epithelial ovarian cancer, especially in patients with

BRCA mutations [26-27]. The ARIEL3 study emphasizes that the use of rucaparib in therapy
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prolongs PFS and survival in patients with HR deficiency [27]. Study-10 also emphasizes the

efficacy and safety of rucaparib in patients with recurrent ovarian cancer[28].

Treatment with PARP inhibitors is an increasingly important and safe therapeutic

option. These substances are an alternative for patients, regardless of the presence of

BRCA1/2 mutations. Implementation of PARP inhibitors in therapy is the path to better

therapeutic results and prolonged patient survival.
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