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Abstract: Despite advances in surgery and chemotherapy, the overall outcomes for patients with advanced ovarian cancer remain 
poor. Although initial response rates to platinum-based chemotherapy is about 60–80%, most patients will have recurrence and 
succumb to the disease. However, a DNA repair–directed precision medicine strategy has recently generated real hope in improving 
survival. The clinical development of PARP inhibitors has transformed lives for many patients with BRCA germline-deficient and/or 
platinum-sensitive epithelial ovarian cancers. Antiangiogenic agents and intraperitoneal chemotherapy approaches may also improve 
outcomes in patients. Moreover, evolving immunotherapeutic opportunities could also positively impact patient outcomes. Here we 
review the current clinical state of PARP inhibitors and other clinically viable targeted approaches in ovarian cancer. 
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Introduction
Ovarian cancer is the fifth most common cancer in women in the UK with 7000 new cases diagnosed annually. The 
standard management approach in the treatment of epithelial ovarian cancer includes cytoreductive surgery and platinum- 
based chemotherapy.1–6 Cytoreductive surgery aims to remove cancerous tissue from the ovaries and adjacent tissues to 
achieve optimal debulking. Chemotherapy is usually employed either in the neoadjuvant setting (to downstage cancer) or 
after cytoreductive surgery (to treat microscopic seedling in optimally debulked tumors or reduce tumor burden in sub- 
optimally debulked cancer).1–6 Despite advances in these treatment modalities, the overall outcomes for patients with 
epithelial ovarian cancer remain poor with over 4000 patients dying from the condition each year in the UK. However, 
recent advances in ovarian cancer therapeutics have had a positive impact in improving survival outcomes. In this review, 
we will focus on emerging precision oncology strategies in treating advanced ovarian cancers.

Platinum Therapy in Ovarian Cancer
The initial response rate to platinum-based chemotherapy (carboplatin and paclitaxel or carboplatin monotherapy) in 
serous epithelial ovarian cancer (the most prevalent histological sub-type) is around 60–80%. However, most patients 
will develop platinum resistance (intrinsic or acquired) during the course of the disease which will adversely impact 
survival outcomes. Recent advances in biology have not only increased our understanding of the mechanism of action of 
platinum compounds7 but have also provided additional insights into the development of platinum resistance.8–14

A detailed discussion of the mechanism of action of platinum compounds is beyond the scope of this article, and 
several recent review articles are available.8–14 Briefly, cytotoxicity of platinating agents is primarily due to their ability 
to induce DNA damage in tumors. Platinum drugs, such as cisplatin and carboplatin, induce predominantly intra-strand 
cross-links adducts in DNA and to a lesser extent interstrand cross-links. These unrepaired lesions can block replication, 
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eventually leading to an accumulation of double-strand break (DSBs) and subsequently apoptotic cell death. DNA intra- 
strand cross-links are repaired through the nucleotide excision repair (NER)10,15–18 pathway during the G1 phase of the 
cell cycle, whereas interstrand cross-links are processed through the Fanconi anemia (FA) pathway.19–21 DSB repair 
intermediates generated during NER or FA mediated repair can also be processed through DSB repair pathways. During 
the S/G2 phase of the cell cycle, DSBs are repaired through the high-fidelity homologous recombination (HR) 
pathway.22,23 On the other hand, error-prone non-homologous end joining (NHEJ) is involved in the repair of DSBs 
during G1 phase of the cell cycle.24,25 As cancers can possess impaired DNA repair pathways, platinum-induced DNA 
damage is more likely to accumulate in tumors and therefore leads to more selective killing. However, upregulation of 
DSB repair, as occurs in some tumors, can promote platinum resistance and as a result, recent efforts have also focused 
on the development of bioassays that can predict platinum sensitivity in tumors.

BRCA Germline Deficiency and Ovarian Cancer
BRCA1 and BRCA2 are tumor suppressor genes coding for proteins with critical roles in HR repair of DSBs. During HR, 
the use of a sister chromatid as a template, results in high-fidelity, error-free DNA repair.23 In HR deficiency states, such 
as due to BRCA1 or BRCA2 germline mutations, the error prone NHEJ pathway is required for DSB repair.26,27 NHEJ- 
mediated repair is associated with chromosomal instability, increased genome-wide loss of heterozygosity (LOH) and 
increased risk of development of cancers including ovarian cancers amongst others.28 A prospective epidemiological 
study of 9856 female BRCA 1 or 2 carriers reported a cumulative risk to 80 years of ovarian cancer at 44% for BRCA1 
mutation group and 17% in the BRCA2 group.29 Importantly, the germline deficiency of BRCA1/2 or other HR 
components can also promote platinum sensitivity in ovarian cancers26,27 due to impaired repair of platinum-induced 
DSBs.

HR Deficiency (HRD) and Platinum Sensitivity
The cellular signaling pathway for identifying DSBs and subsequent HR repair require several effector components 
including BRCA1/2, ATM, ATR, CHK1, CHK2, PALB2. Deficiency or defective function of any of these components 
leads to an impairment in HR and interstrand cross-link repair, resulting in reliance on the error-prone NHEJ pathway. 
Somatic mutations in HR genes, although less common than germline, have been shown to occur in about 18% of the 
ovarian cancers. Phenotypically, these cells are therefore similar to BRCA-mutated cells – such HR-deficient (HRD) 
tumors are referred to as demonstrating ‘BRCAness’.30 In the presence of platinum agents, HR-deficient tumor cells will 
preferentially accumulate unrepaired cross-links and conduct error-prone NHEJ as compared to normal cells. The 
resulting mutational load and significant loss of genomic integrity will result in cell cycle arrest and apoptotic cell 
death. This therefore rationalizes the use of platinum agents in HR-deficient tumors.

Identifying somatic HRD mutations poses a diagnostic challenge; somatic mutation screening requires analysis of 
tumor DNA and confirmation from germline mutation screening of normal cells (using a blood test). Furthermore, 
analysis of tumor tissue raises the issues of intra-tumoral heterogeneity and difficulty in identifying epigenetic modifica-
tions to HRD genes. A novel method of evaluating HRD is through a “functional” assessment of tumor DNA for 
a “mutational scar”. As HRD tumors are over reliant on the error-prone NHEJ pathway, they will typically develop 
a characteristic series of DNA changes including loss of heterozygosity (LOH), telomeric allelic imbalance and large- 
scale genetic transitions.31 A quantitative evaluation of these changes using next-generation sequencing can generate an 
HRD score, as performed in the NOVA trial.32 Alternatively, tumors may be categorized by the degree of LOH, as done 
in the ARIEL2 trial.33

The presence of HRD mutations, including both BRCA and non-BRCA mutations, has been shown to strongly 
correlate with greater sensitivity to platinum-based therapy as well as better overall survival in stage II to IV ovarian 
cancers (hazard ratio (HR) 0.6, 95% confidence interval (CI) 0.4–0.8; p=0.0006). Specifically, somatic HRD mutations 
were predictors of platinum sensitivity, although did not show a significant survival benefit, possibly due to a small 
sample size of this sub-type.34 These findings are further corroborated by Wen et al who found that higher HRD scores 
were significantly associated with platinum sensitivity and progression-free survival in ovarian cancers.35 In addition, 
there is now evidence to suggest that higher HRD scores are associated with greater response to platinum re-challenge in 
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resistant patients.36 In summary, it is evident that HRD status of tumors can act as both a marker of platinum sensitivity 
(in primary and resistant disease) and as a prognostic indicator. However, platinum agents possess a significant side effect 
profile, including nephrotoxicity, neurotoxicity, and myelosuppression, which limit their utility in clinical practice. There 
is therefore a need for better tolerated, precision strategies that can also exploit HRD.37

Synthetic Lethality in BRCA Germline-Deficient or Platinum-Sensitive 
Ovarian Cancers
The enzyme poly-(ADP)-ribose polymerase 1 (PARP1) is essential during DNA repair. PARP1 binds to single-strand 
breaks (SSBs) that are generated as repair intermediates during DNA repair. On binding to SSBs, PARP1 is activated 
which in turn leads to the synthesis of PAR (poly-ADP-ribose) polymers. Auto-PARylation of PARP1 recruits several 
other DNA repair factors at sites of DNA damage which promotes coordination of efficient DNA repair. As discussed 
previously, BRCA1 and BRCA2 are essential for HR repair and germline mutations increase the risk of development of 
platinum-sensitive ovarian cancers.38,39

Synthetic lethality exploits inter-gene relationships in which loss of function of either of two related genes is non- 
lethal, but loss of both causes cell death. This offers the potential to specifically target cancer cells through pharmaco-
logical blockade of a protein known to be in a synthetic lethal relationship with a mutated tumor suppressor protein such 
as BRCA1 or BRCA2. Synthetic lethality targeting using PARP inhibitors in BRCA1/2 germline-deficient ovarian 
cancers is an exciting precision oncology strategy in ovarian cancers. The underlying molecular mechanism of the 
synthetically lethal relationship between BRCA and PARP is complex. Briefly, PARP inhibitors block PARP1 catalytic 
activity thereby preventing auto-PARylation and release of PARP from the SSB. The DNA-bound PARP1 is cytotoxic 
due to disruption of replication fork progression leading onto DSB accumulation and eventually apoptosis in BRCA1/ 
2-deficient cancer cells. Tumors which demonstrate ‘BRCAness’ because of HRD phenotype can also show greater 
sensitivity to PARPi; this is thought to be due to the same synthetically lethal relationship. Following the pre-clinical 
discovery of PARPi-induced synthetic lethality, several clinical trials were rapidly initiated in BRCA1/2-deficient, HR- 
deficient or platinum-sensitive ovarian cancers leading to its clinical approval.38,39 Here we provide a summary of pivotal 
clinical trials in ovarian cancer patients.

Clinical Studies of PARP Inhibitors in Ovarian Cancers
PARP Inhibitors as Primary Maintenance Therapy
PARP inhibition has become an integral component of ovarian cancer management following FDA approval in 
December 2018 for olaparib in the first-line maintenance setting and subsequently EMA and NICE approval in 2019. 
The role of PARP inhibitors (PARPi) continues to expand rapidly with niraparib and rucaparib already enjoying 
widespread use globally and inclusion in various national guidelines.

The SOLO-I trial40 cemented olaparib’s place in the first-line maintenance setting in patients with BRCA-mutated 
advanced ovarian cancer. This international Phase III placebo-controlled trial included 391 patients with BRCA1/2 
mutations and stage III/IV high-grade serous ovarian cancer (HGSOC) or endometrioid, fallopian tube or primary 
peritoneal cancer who had achieved a complete or partial response following first-line platinum-based chemotherapy. 
The initial analysis conducted after a median follow-up period of 41 months showed the rate of freedom from disease 
progression and death at 3 years to be 60% in the olaparib versus 27% in the placebo cohorts. On independent central 
review, this rate increased to 69% for olaparib and 35% for placebo, with a hazard ratio (HR) of 0.28. The SOLO-I trial 
reported an acceptable safety profile with most adverse effects being grade 1 or 2; however, rare cases of acute myeloid 
leukemia (1%) and interstitial lung disease (2%) were seen only in the olaparib cohort. The subsequent health-related 
quality of life analysis revealed no clinically significant difference in Trial Outcome Index scores.40

Preclinical data raised concerns that use of PARPi may compromise the efficacy of subsequent chemotherapy 
regimens in BRCA1/2 mutation carriers through development of secondary BRCA1/2 mutations.41,42 The SOLO-1 
trial showed a significant increase in the time to second disease progression, suggesting that olaparib did not diminish the 
potential benefits patients had with second subsequent therapy.40
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The PRIMA trial43 was a randomized, placebo-controlled phase III trial evaluating niraparib, another PARPi, in 
patients with advanced serous or endometrioid ovarian cancer who achieved a partial or complete response following 
first-line platinum-based therapy. The patient population in the PRIMA trial had several poor prognostic features when 
compared to the SOLO-1 population such as post-operative residual disease and over 63% receiving neoadjuvant 
chemotherapy. In the HRD-deficient group (according to the Mychoice test by Myriad Genetics), the reported median 
progression-free survival (mPFS) was 21.9 months with niraparib, versus 10.4 months in the placebo group (HR 0.43). In 
the overall population, mPFS in the niraparib and placebo groups was 13.8 and 8.2 months (HR 0.62). Interestingly, even 
in the HRD proficient group, niraparib resulted in a significant benefit (mPFS 8.1 vs 5.4 months, HR 0.68) supporting the 
hypothesis that niraparib may possess additional mechanisms of action beyond those involved in DNA damage repair.

In addition to success with olaparib and niraparib, the ATHENA-MONO phase III randomized placebo-controlled 
trial44 showed significantly beneficial effects for rucaparib monotherapy for primary maintenance therapy of high-grade 
ovarian cancer. Of the 538 patients included, 427 were allocated to rucaparib and 111 to placebo; mPFS for rucaparib was 
20.2 months versus 9.2 months for placebo (HR 0.52, p<0.0001). Although hematological grade 3 or 4 treatment-related 
adverse events were common (28.7% with anemia and 14.2% with neutropenia), the trial highlights the effectiveness of 
rucaparib monotherapy for first-line maintenance.

Veliparib is generally considered to have a more favorable hematological toxicity profile than other PARPi, and in the 
Velia phase III trial45 was used in combination with carboplatin and paclitaxel followed by maintenance in the first-line 
setting for stage III/IV HGSOC, primary peritoneal or fallopian tube cancers. Whilst the trial did report favorable results 
(7 month mPFS improvement) in the veliparib group, due to patients continuing to receive veliparib as maintenance 
monotherapy it is unclear whether the benefit was derived from the veliparib–chemotherapy combination or the 
maintenance phase. The treatment interruption rate in the veliparib–chemotherapy combination group was almost 58% 
in comparison to 39% for chemotherapy alone, and even in the maintenance Phase 19% of the patients discontinued 
veliparib.45

PARPi have also been studied for use in the primary maintenance setting in combination with anti-angiogenic drugs 
such as bevacizumab and cediranib. Bevacizumab is extensively used in combination with chemotherapy in the 
neoadjuvant/adjuvant phases as well as in palliative and maintenance settings. Inhibition of angiogenesis causes 
a hypoxic state leading to downregulation of BRCA1 expression and consequently impaired HR, thereby rationalizing 
a combination with PARPi.

In the phase III PAOLA-1 trial,46 olaparib was combined with bevacizumab for maintenance after first-line 
chemotherapy, regardless of HRD status in patients with stage III/IV HGSOC, endometrioid, fallopian tube or primary 
peritoneal cancers. Reported mPFS in the overall population was 26.1 months versus 18.3 months (HR 0.63), and in the 
HRD-positive group (determined by the myChoice HRD plus assay and inclusive of mBRCA) mPFS was 37.2 compared 
to 17.7 months (HR 0.33). Importantly in the HRD-negative group, there was no significant difference in mPFS 
compared to placebo. The lack of an olaparib-only maintenance monotherapy arm within this trial was a limitation, 
and it is therefore unclear if, or the extent to which, the benefit in the HRD-positive group was due to synergistic effects 
between bevacizumab and olaparib or the sole effects of olaparib. The combination of olaparib with bevacizumab had an 
acceptable toxicity profile with no significant deterioration in quality-of-life analyses.46

Niraparib has also been combined with bevacizumab in the primary maintenance setting in a Phase II single-arm 
study47 including patients post-optimal debulking surgery. Analysis at 18 months showed PFS rates of 62% in the overall 
population, 76% in HRD and 47% in HR proficient groups.

PARP Inhibitors as Recurrent Maintenance Therapy
PARP inhibitors have also been evaluated as maintenance therapy for recurrent ovarian cancer. A second phase III trial, 
SOLO-2,48 with a similar design to SOLO-1, investigated a new tablet formulation of olaparib in patients who had 
achieved a complete or partial clinical response following two or more lines of chemotherapy. The mPFS was reported as 
19.1 months in the olaparib group compared to 5.5 months in the placebo group, with a similar HR 0.30 to SOLO-1. 
Over 40% of the patients in this trial had received three or more lines of previous chemotherapy. Interestingly, exposure 
to bevacizumab as part of pre-maintenance chemotherapy did not alter the treatment effects for patients who received 
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olaparib. The data from SOLO-2 also showed longer times to first and second subsequent therapies which generally 
would have included intravenous chemotherapy. As a result, these secondary end points hold particular clinical relevance 
given the advanced stage of disease for patients included in this trial.

Over 75% of the patients with ovarian cancer do not harbor BRCA1/2 mutations (varying by subtype) and with the 
addition of non-HGSOC, primary peritoneal and fallopian tube cancers, a large proportion of patients are not eligible for 
olaparib-based maintenance treatment. The NOVA trial32 investigated niraparib and included patients with platinum- 
sensitive, ovarian cancer following two or more lines of chemotherapy (aside from one patient included within the trial) 
who achieved a partial or complete response. A total of 553 patients were included in the trial and stratified according to 
BRCA and HRD status. The niraparib group had a significantly longer mPFS compared to placebo (21 and 5.5 months, 
respectively, HR 0.27). HRD-positive patients had better outcomes (mPFS 12.8 versus 3.9 months, HR 0.38) and even in 
the non-mBRCA cohort, niraparib showed a clinically significant benefit (9.3 months versus 3.9 months HR 0.45) with 
20% of patients continuing treatment post 18 months. Almost 50% of the patients in the NOVA trial were heavily pre- 
treated having received three or more lines of chemotherapy. The side effect profile of niraparib was broadly comparable 
to that of olaparib with the most common grade 3 and 4 adverse effects (AE) being hematological in nature (thrombo-
cytopenia 33.8%, anemia 25.3% and neutropenia 19.6%). There were five cases (1.4%) of myelodysplastic syndrome 
reported in the niraparib group which is widely recognized as a class-specific adverse effect.

Rucaparib has also been evaluated in the ARIEL3 trial in the maintenance setting following second- or later-line 
chemotherapy. In ARIEL3, patients were grouped according to BRCA status and presence of HRD, the latter determined 
by the extent of genomic loss of heterozygosity (LOH) as described earlier. This large Phase III trial randomized 564 
patients in a 2:1 ratio to rucaparib or placebo. In the cohort of patients with BRCA mutations, the mPFS was 16.6 months 
for rucaparib (n=130) versus placebo (n=66) (HR 0.23, 95% CI 0.16–0.34, P<0.0001).49

In patients with HRD (inclusive of mBRCA and non mBRCA with “high” LOH) the mPFS was 13.6 months in the 
rucaparib group (n=236) versus 5.4 months in the placebo group (n=118). In the intention-to-treat population, the mPFS 
was 10.8 months versus 5.4 months (HR 0.32) in the rucaparib and placebo groups, respectively. Notably, 37% of the 
patients had previous exposure to three or more lines of chemotherapy. Furthermore, 19% of the patients had >2cm of 
disease at baseline in the rucaparib group and achieved significant benefit, with the “bulky” disease group trending 
towards greater benefit. The utility of LOH as a biomarker to predict response to rucaparib is drawn into question 
however, given the observed benefits of rucaparib in tumors without an identified HRD; within the LOH “low” and 
BRCA wild-type group approximately 30% of the patients achieved benefit from rucaparib at 1 year, compared to 5% in 
the placebo group. These findings support those of the PRIMA trial suggesting alternative, non-HRD-based synthetic 
lethality mechanisms of actions of PARP inhibitors may exist.

Talazoparib has significantly greater PARP trapping capabilities than other clinically available PARP inhibitors.50 

However, whilst there is a general paucity of evidence for talazoparib in ovarian cancer, a recent review provides an 
update on ongoing ovarian cancer studies.50 Consequently, talazoparib is not currently approved for therapeutic use in 
ovarian cancers.

PARP Inhibitor Monotherapy for Relapsed Advanced Ovarian Cancer (Table 1)
In addition to these promising findings in the maintenance setting, PARPi have been investigated in the setting of 
relapsed disease. The ICEBERG-3 trial (NCT00628251) showed benefit with olaparib as a single agent versus pegylated 
liposomal doxorubicin (PLD) in patients with relapsed, platinum-resistant disease and BRCA mutation. This study 
rationalized the larger phase III SOLO-3 trial51 comparing olaparib single agent to physicians choice non-platinum 
chemotherapy following at least two lines of platinum-based chemotherapy in patients with platinum-sensitive or 
partially sensitive (defined as progression 6–12 months after platinum-based chemotherapy) relapsed disease. The trial 
included 266 patients randomized 2:1 to olaparib or chemotherapy (PLD/gemcitabine/topotecan). Approximately 50% of 
the patients had received three or more lines of chemotherapy.

The reported overall response rate (ORR) was 72% with olaparib and 52% with chemotherapy with earlier use of 
olaparib correlating with higher response rates. MPFS was 13.2 versus 8.5 months for olaparib and chemotherapy, 
respectively, with durations of treatment with olaparib over double those of various chemotherapy agents. Olaparib was 
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associated with an inferior toxicity profile with higher rates of fatigue, nausea and diarrhea reported; however, with dose 
modifications, the discontinuation rate of olaparib was lower than that of chemotherapy. These findings are further 
supported by a randomized phase II trial of maintenance olaparib compared to placebo in 265 women with platinum- 
sensitive relapsed ovarian cancer.52 The study showed significantly greater mPFS in the olaparib cohort (8.4 months 
versus 4.8 months, HR 0.35, p<0.001) and significant improvements in overall survival with no new safety concerns over 
the two-year follow-up.52

More recently, the ARIEL4 trial53 compared rucaparib with chemotherapy in patients with mBRCA who had 
progressed on at least two previous lines of treatment. In the chemotherapy arm, platinum-sensitive ovarian cancer 
was treated with platinum-based regimens whilst paclitaxel was used for platinum-resistant disease. An mPFS of 7.4 
months in the rucaparib arm was reported compared to 5.7 months with chemotherapy (HR 0.64, p=0.001), further 
demonstrating the benefits of PARPi monotherapy for relapsed mBRCA advanced ovarian cancer.

PARP Inhibitor-Based Combination Strategies for Relapsed Advanced Ovarian Cancer
Platinum Agents
A Phase I/Ib trial investigating the combination of olaparib with platinum-based treatment54 demonstrated encouraging 
efficacy; however due to significant hematological toxicity, notably 42% developing grade 3 or 4 neutropenia, treatment 
intensity could not be maintained. In a larger international randomized phase II controlled trial,55 162 patients with 
recurrent, platinum-sensitive high-grade ovarian cancer with less than three previous lines of chemotherapy were 
enrolled. 81 patients were randomized to the olaparib group in combination with carboplatin and paclitaxel followed 
by maintenance olaparib monotherapy whilst 75 patients were randomized to chemotherapy alone. A significantly 
superior mPFS was reported with olaparib (12.2 months compared to 9.6 months) and subgroup analyses confirmed 
better outcomes in mBRCA patients as expected. Increased Grade 3/4 neutropenia was observed in the combination 
group (43% vs 35%) whilst other hematological toxicities were similar across the groups.55 Other adverse effects were on 
average 10% more commonly reported with Olaparib + chemotherapy, grade 3+ toxicities were 7% more frequent; 
however, discontinuation rates were broadly similar (19%).

Cediranib
Cediranib is an oral inhibitor of the vascular endothelial growth factor (VEGF) receptor tyrosine kinase 1, 2 and 3 and is 
known to have activity against ovarian cancer.56 A Phase II clinical trial to investigate the benefit of using cediranib 
alongside olaparib versus olaparib alone57 randomized 44 patients to the olaparib/cediranib group and 46 to the olaparib 
alone group. There was a significantly better mPFS reported in the combination group (17.7 months) compared to 

Table 1 Clinical Trials Beyond Phase 1 Evaluating PARP Inhibitors as Monotherapy

PARP 
Inhibitor

National Clinical Trial 
Identifier

Patient Group Phase Previous Chemotherapy 
Lines

Olaparib NCT00753545 Advanced Ovarian Cancer with mBRCA II 2+

Olaparib NCT01844986 (SOLO-1) Advanced Ovarian Cancer with mBRCA III 1

Olaparib NCT01874353 (SOLO-2) Advanced Ovarian Cancer with mBRCA III 2+

Niraparib NCT02655016 (PRIMA) Advanced Ovarian cancer BRCA± III 1

Niraparib NCT01847274 (NOVA) Advanced Ovarian cancer BRCA± and HRD+ III 2+

Rucaparib NCT01968213 (ARIEL 3) Advanced Ovarian Cancer with or without mBRCA 
or LoH

III 2+

Olaparib SOLO-3 (NCT02282020) Advanced Ovarian cancer with mBRCA III 2+

Rucaparib NCT02855944 (ARIEL4) Advanced Ovarian cancer with mBRCA -

Abbreviations: mBRCA, BRCA 1/2 mutation; HRD+, homologous recombination deficiency positive; LoH, loss of heterozygosity.
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olaparib alone (9 months) (HR 0.42). The results from these trials provided the basis for two currently ongoing phase III 
trials comparing the oral cediranib/olaparib combination to monotherapy (ICON9 study, NCT03278717) and to inves-
tigator-choice chemotherapy in patients with recurrent ovarian cancer (COCOS study, NCT02502266).

Pegylated Liposomal Doxorubicin (PLD)
PLD is already a heavily used agent as monotherapy or in combination with platinum agents. The ROLANDO study 
combined Olaparib with PLD in heavily pretreated (including platinum resistant) patients. An impressive 77% disease 
control rate was reported (29% PR); however, grade 3+ toxicities were common when PLD was dosed at 40mg/m2 
(47%). The lower PLD dose of 30mg/m2 as per with platinum combination was much more tolerable (21% Grade 3+ 
toxicities). Other trials have explored PLD in combination with veliparib and quadruple regimens including platinum 
agents and bevacizumab (Table 2).

Cyclophosphamide
PARP inhibitors have been shown to potentiate DNA damage resulting from alkylating agents in preclinical models.58 In 
advanced ovarian cancer, cyclophosphamide has been used in long term, low-dose regimens (metronomic dosing), 
especially for patients where fitness to tolerate toxicity is a concern. A Phase I trial aimed to assess a veliparib in 
combination with metronomic cyclophosphamide in 35 patients with refractory solid tumors and lymphomas.59 

A maximum tolerated dose of 60mg was established to be given orally once a day for 7, 14 or 21 days alongside 
daily cyclophosphamide 50mg. This data led to a phase II trial which compared combination cyclophosphamide/veliparib 
versus cyclophosphamide alone in mBRCA patients with high-grade ovarian, primary peritoneal or fallopian tube cancer. 
This study did not show a significant improvement in outcomes through the addition of veliparib to metronomic 
cyclophosphamide.60

Table 2 Examples of Clinical Trials Evaluating PARPi in Combination with Chemotherapy and Targeted Treatment

PARPi & Chemotherapy Combinations National Clinical Trial 
Identifier

Tumour Type Phase

Olaparib + Carboplatin NCT01445418 Familial Breast & Ovarian 

Cancer

I/Ib

Olaparib + Carboplatin + Paclitaxel NCT01081951 Ovarian Cancer II

Veliparib + Carboplatin + Paclitaxel NCT02470585 Ovarian Cancer III

Olaparib Vs Pegylated Liposomal Doxorubicin NCT00628251 (ICEBERG-3) Ovarian Cancer II

Veliparib + Pegylated Liposomal Doxorubicin NCT01145430 Ovarian Cancer I

Veliparib + Pegylated Doxorubicin + Carboplatin + 

Bevacizumab

NCT01459380 Ovarian Cancer I

Olaparib + Bevacizumab NCT02477644 Ovarian Cancer III

Niraparib + Bevacizumab NCT03326193 Ovarian Cancer II

Olaparib ± Cediranib NCT01116648 Ovarian Cancer, TNBC II

Olaparib ± Cediranib NCT03278717 Ovarian Cancer III

Olaparib ± Cediranib Vs PC Chemotherapy NCT02502266 Ovarian Cancer II/III

Cyclophosphamide ± Veliparib NCT01306032 Ovarian Cancer, TNBC II

Rucaparib Vs PC Chemotherapy NCT02855944 Ovarian Cancer III

Abbreviations: PC, physicians choice; TNBC, triple-negative breast cancer.
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Mitomycin C (MMC)
Veliparib was combined with MMC in a dose escalation study61 and compared to veliparib alone. Six of 61 patients were 
reported to have a response to treatment, 5 of whom were in the combination arm. The trial concluded that veliparib 
alone or with MMC could be safely administered to patients and can provide clinical benefit in some.

Immunotherapy Strategies
PARPi have been shown to promote anti-tumor activity by upregulating PDL-1 expression in animal model cancer cells. 
The blockade of PD-1/PDL-1 interaction was theorized to resensitize PARPi treated cells to T-cell mediated 
cytotoxicity.62,63 The combination of immunotherapy with PARPi is therefore being explored in early-phase trials with 
Phase II/III trials on the horizon. A Phase I/II trial (NCT02571725) is currently recruiting mBRCA patients with 
recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancers after one line of platinum-based treatment. 
This trial is designed to combine daily olaparib with a CTLA-4 inhibitor (tremelimumab) given on day 1 of a 28-day 
cycle for the first six cycles followed by 12-weekly thereafter until disease progression or unacceptable toxicity. This 
combination was reported to be tolerable in ASCO 2017 and a following phase II trial is underway.

Another phase I/II trial64 assessed the combination of a PARPi (niraparib 200 or 300mg OD) in combination with an 
anti-PD-1 monoclonal antibody (pembrolizumab 200mg IV 3 weekly) for the treatment of recurrent ovarian cancer 
(irrespective of BRCA status). Of the cohort of 62 patients, the objective response rate (ORR) was 18% (90% CI 11– 
29%) with complete response seen in 3 patients (5%), partial response in 8 (13%) and 28 (47%) had stable disease. 
Common treatment-related adverse events included fatigue (53%), nausea (42%) and anemia (36%); notably 10 (19%) 
patients had immune-related adverse effects (thought to be due to pembrolizumab) with 3 (6%) of these having grade 3 
severity. In summary, this study demonstrates that PARPi and anti-PD-1 immunotherapy combinations can be effective 
and well tolerated in this patient population.64

There are multiple ongoing phase II/III trials of immunotherapy-PARPi combinations for recurrent ovarian cancer, 
including with other targeted agents such as bevacizumab (Table 3).

Table 3 Examples of Currently Ongoing Trials Investigating PARP Inhibitors Combined with Immunotherapy

PARP Inhibitor + 
Immunotherapy

National Clinical Trial 
Identifier

Patient Group Phase Previous 
Chemotherapy Lines

Niraparib + Pembrolizumab NCT02657889 
(TOPACIO)

Advanced TNBC and Advanced 
Recurrent Ovarian Cancer

II TNBC: <2, Ovarian 
cancer <5

Niraparib + Atezolizumab NCT03598270 (ANITA) Advanced Ovarian Cancer III <2

Olaparib + Tremelimumab NCT02571725 Advanced Ovarian Cancer with mBRCA I/II 1+

Olaparib + Tremelimumab NCT04034927 Advanced Ovarian Cancer II 2+

Olaparib + Pembrolizumab NCT04417192 

(OLApem)

Advanced Ovarian Cancer, HRD+ II 1

Pembrolizumab + Olaparib NCT03740165 Advanced Ovarian Cancer III 1

Olaparib + Pembrolizumab + 
Bevacizumab

NCT05158062 Advanced Ovarian Cancer II 1

Rucaparib + Nivolumab NCT03522246 
(ATHENA)

Advanced Ovarian Cancer III 1

Olaparib + Cediranib ± 
Durvalumab

NCT04739800 Advanced Ovarian Cancer (Platinum 
Resistant)

II 2–5

Niraparib + Dostarlimab NCT04673448 mBRCA, Ovarian, Breast, Pancreatic 
Cancer

I -

Abbreviations: mBRCA, BRCA 1/2 mutation; HRD+, homologous recombination deficiency positive; TNBC, triple-negative breast cancer.
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Mechanisms of Resistance to PARP Inhibitors
Although PARP inhibitors therapy has improved survival outcome, the response rate to PARPi monotherapy is around 
40–50% and progression-free survival is about 7 months. The clinical data clearly indicate that intrinsic or acquired 
resistance can limit the benefit of PARPi therapy. Delineating the mechanisms of resistance is therefore an area of intense 
research.65–68 Pre-clinical investigations of PARP inhibitor resistance in BRCA-deficient cells have highlighted several 
mechanisms of resistance. This includes restoration of HR (via reactivation of BRCA function through BRCA reversion, 
loss of BRCA1 promoter methylation, HSP90 activation, inactivation of 53BP1, reduced levels of REV7 or down 
regulation of PARP1), restoration of stalled replication fork protection (RAD51 overexpression) and reduced cellular 
uptake of PARP inhibitors (overexpression of ABCB1).65–68 Whether these pre-clinical mechanisms can be translated to 
a real term clinical application is yet to be established.

Targeting Angiogenesis
Bevacizumab is a monoclonal antibody that sequesters and neutralizes all isoforms of the VEGF-receptor ligand VEGF- 
A, and there is clinical evidence of efficacy in metastatic colorectal cancer, non-small cell lung cancer, advanced renal 
cell carcinoma and in hepatocellular carcinoma.69 Phase II trials of bevacizumab in women with ovarian cancer have 
shown evidence of objective tumor responses in a small proportion (16%) of patients with advanced, platinum-resistant 
disease who generally have a dismal prognosis.70

Antiangiogenic Agents as Adjuvant Therapy and Primary Maintenance
The ICON7 study was a pivotal, large randomized clinical trial that enrolled patients with high-risk early stage (I and IIa 
with clear-cell histology or poorly differentiated tumors) and advanced stage (IIB-IV) epithelial ovarian cancer, after 
upfront surgery, to standard-of-care combination chemotherapy with carboplatin and paclitaxel or the same chemotherapy 
backbone alongside bevacizumab (7.5mg/kg intravenously every 3 weeks) with maintenance bevacizumab until 
progression.71 The likelihood of achieving an objective radiologic response was statistically significantly higher in the 
patients receiving bevacizumab alongside chemotherapy compared with those receiving chemotherapy alone – 67% 
versus 48% (p<0.001). MPFS was 17.3 months with chemotherapy alone and 19 months with chemotherapy and 
bevacizumab (HR 0.81, p=0.004). In terms of progression-free survival, the maximal effect of bevacizumab was seen 
at 12 months and diminished by 24 months. In the updated analyses, progression-free survival with 42 months of follow- 
up was 22.4 months without bevacizumab versus 24.1 months with bevacizumab (P=0.04 by Log rank test); the PFS 
benefit was greater with bevacizumab in patients at high risk of progression, with progression-free survival with 42 
months of follow-up of 14.5 months with standard therapy alone and 18.1 months with bevacizumab added. Despite these 
modest improvements in PFS with the addition of bevacizumab, the final overall survival results from the ICON-7 trial 
showed that overall survival was equivalent with chemotherapy alone versus chemotherapy with bevacizumab – 44.6 
months versus 45.5 months (p=0.85).72 In a pre-planned exploratory analysis, however, patients with poor prognostic 
factors achieved a statistically significant overall survival benefit with the addition of bevacizumab – 34.5 months versus 
39.3 months (p=0.03). Of key importance, in view of the fact that the majority of patients in the trial had advanced 
disease that was incurable, is the effect of treatments on quality of life and global quality-of-life (assessed by a validated 
questionnaire) was poorer in patients receiving bevacizumab with chemotherapy.73

The other pertinent study Is the GOG clinical trial74 comparing standard chemotherapy with carboplatin-paclitaxel to 
carboplatin-paclitaxel-bevacizumab (6 cycles) and carboplatin-paclitaxel-bevacizumab followed by maintenance bevaci-
zumab for patients with advanced epithelial ovarian cancer. MPFS was 10.3 months with chemotherapy alone compared 
with 14.1 months with chemotherapy, bevacizumab, and maintenance bevacizumab (p<0.001). When the progression- 
free survival analysis was restricted to patients with radiologic (RECIST) progression and those with serologic progres-
sion only (Ca125) were excluded, mPFS was 12 months versus 18 months in the chemotherapy alone and chemotherapy- 
bevacizumab maintenance group (p<0.001). However, despite impressive gains in progression-free survival, this did not 
translate into any overall survival benefit with median overall survival of 39.3 months and 39.7 months in the 
chemotherapy and chemotherapy-bevacizumab groups, respectively. The final protocol-specified analysis of overall 
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survival from the GOG study confirmed no overall survival benefit for the total population; however, an exploratory 
subset analysis did find that for patients with Stage IV disease median overall survival was 42.8 with chemotherapy, 
bevacizumab and maintenance bevacizumab versus 32.6 months with chemotherapy alone.74

Anti-Angiogenic Agents for Relapsed Advanced Ovarian Cancer
Patients were systemic-therapy naïve in the ICON-7 and GOG studies, and anti-angiogenic treatment has also been 
studied in the second and subsequent line setting. The key study was AURELIA, a randomized Phase III trial comparing 
investigator’s choice of chemotherapy with chemotherapy and concurrent bevacizumab in advanced, platinum-refractory 
(progression within 6 months) epithelial ovarian cancer.75 Patients could have received a maximum of two prior 
chemotherapy regimens, and those with platinum-refractory disease were excluded. Chemotherapy was chosen from 
liposomal doxorubicin, paclitaxel and topotecan. About 85% of the patients had papillary serous histology, and just over 
half of patients had poorly differentiated tumors. This study met its primary endpoint with an improvement in mPFS from 
3.4 to 6.7 months with the addition of bevacizumab. The rate of objective response (RECIST and/or Ca125) was 12.6% 
with chemotherapy versus 30.9% with chemotherapy and bevacizumab. There was no statistically significant different in 
overall survival, however (13.3 versus 16.6 months), in keeping with the results in the treatment-naïve setting.

The results of the OCEANS trial76 are informative in terms of the role of anti-angiogenic therapy alongside 
chemotherapy in the platinum-sensitive, relapsed setting). This was a randomized, placebo-controlled comparison of 
carboplatin-gemcitabine with or without concurrent bevacizumab followed by maintenance bevacizumab. Thirty-five 
percent of the patients were 65 years of age or older, 75% had a performance status of 0, 78% had papillary serous 
histology and 59% had a platinum-free interval of greater than 1 year. The addition of concurrent and then maintenance 
bevacizumab to chemotherapy led to an increase in median progression-free survival of 4 months (p=0.0001) and in 
improvement in objective response rate from 57.4% to 78.5%, but there was no significant overall survival benefit 
(approximately 33 months in both arms).77

As discussed previously, PARPi and bevacizumab combination therapy has been shown to have beneficial effects in 
the primary maintenance setting. Further to this, the AVANOVA2 phase II randomized trial78 compared bevacizumab and 
niraparib to niraparib alone (1:1 allocation) in 97 patients with high-grade serous or endometrioid platinum-sensitive 
recurrent ovarian cancer. The trial demonstrated significantly improved mPFS in the combination group (11.9 months 
versus 5.5 months, HR 0.35, p<0.0001) and similar incidence of adverse effects across groups except for greater 
incidence of hypertension with anti-VEGF therapy.78 These results rationalize further phase III trials of the niraparib– 
bevacizumab combination for recurrent, platinum-sensitive ovarian cancer.

Trebananib is an anti-angiogenic treatment whose mechanism of action is to inhibit the interaction between pro- 
angiogenic factors angiopoietins 1 and 2 to the Tie2 receptor. It was clinically evaluated in the setting of relapsed, 
advanced epithelial ovarian cancer in the TRINOVA-1 trial.79 There was significantly improved progression-free survival 
when trebananib was given alongside weekly paclitaxel chemotherapy (versus placebo) – 7.2 versus 5.4 months 
(p<0.0001). Trebananib was well-tolerated with the main toxicity being peripheral oedema. The final analysis of the 
TRINOVA-1 study showed no significant difference in overall survival in the intention-to-treat population, however 
patients with ascites at baseline had a statistically significant two-month improvement in overall survival with 
trebananib.80

Cediranib is an oral small-molecule inhibitor VEGFR-2, PDGFR and c-Kit and has a predominantly anti-angiogenic 
mode of action. In the randomized phase II trial discussed earlier, cediranib demonstrated significantly greater mPFS in 
combination with olaparib in patients with relapsed high-grade serous or high-grade endometrioid or germline BRCA 
mutant ovarian cancer.57 Median overall survival was numerically superior in the combination therapy group (44.2 
months) compared to the olaparib monotherapy group (33.3 months) although this was not statistically significant 
(p=0.11). Cediranib was associated with fatigue, hypertension and diarrhea.

Aflibercept is a fusion protein that comprises an immunoglobulin G backbone fused to the extracellular sequences of 
human VEGFR1 and 2. It functions as a soluble decoy receptor binding the key pro-angiogenic factor VEGF-A with 
higher affinity than its natural receptor. It was evaluated in patients with platinum-resistant/refractory advanced epithelial 
ovarian cancer at two different doses in a Phase II study.81 There was a hint of clinical activity in these heavily pre- 
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treated patients with approximately 12% of the patients achieving clinical benefit (objective response or disease 
stabilization for 6 months or more).

Other Targeted Approaches
The rationale behind intraperitoneal chemotherapy as opposed to that delivered via the systemic route is that far higher 
concentrations of chemotherapy on the peritoneal surfaces can be achieved. Intraperitoneal delivery of chemotherapy 
may improve outcomes by eliminating residual microscopic peritoneal disease more efficiently than intravenous admin-
istration. A randomized Phase III trial, which recruited patients in the late 1980s and early 1990s, compared intravenous 
or intra-peritoneal cisplatin alongside maximal surgical debulking and intravenous cyclophosphamide chemotherapy in 
patients with stage III epithelial ovarian cancer.82 Patients were newly diagnosed with stage III disease and underwent 
full surgical staging and maximal debulking with a maximum diameter of 2cm for any residual lesions. Six cycles of 
chemotherapy were delivered using cyclophosphamide 600mg/m2 and intravenous cisplatin 100mg/m2. Intraperitoneal 
cisplatin was given at the same dose in 2 liters of fluid as quickly as possible at body temperature. In terms of efficacy, 
the pathological complete response rate (at second-look laparotomy) was 36% with intravenous and 47% with intraper-
itoneal cisplatin. Median overall survival was 41 months with intravenous and 49 months with intraperitoneal cisplatin. 
Peripheral neuropathy, tinnitus, leucopenia and hearing loss were far less common with intraperitoneal cisplatin. This 
study was however performed in the pre-taxane era and cyclophosphamide chemotherapy would be considered sub- 
optimal in contemporary practice.

A much more recent Phase III randomized study provided an important update as to the true role of intraperitoneal 
chemotherapy in this setting.83 Approximately 90% of the patients had high-grade serous papillary histology and one- 
third of patients had disease involving 6–8 anatomical regions of the abdomen. Optimal cytoreductive surgery (no 
macroscopic disease) was achieved in two-thirds of patients. In contrast to the 1996 study, where upfront surgical 
debulking was mandated, almost all included patients (90%) had advanced disease that was not felt to be amenable to 
upfront optimal cytoreductive surgery. These patients received neoadjuvant chemotherapy with carboplatin-paclitaxel for 
three cycles followed by randomization to surgery alone or surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC, 100mg/m2 cisplatin) at a temperature of 40°C with the entire abdomen being perfused for a 90-minute period. 
Completion of the planned three cycles of post-operative chemotherapy was achieved in over 90% of the patients. 
Median recurrence-free survival was 3.5 months longer in the HIPEC arm (14.2 versus 10.7 months) and 3-year 
recurrence-free survival was achieved in 17% of the surgery-HIPEC treated patients versus 8% in the surgery only 
group. Three-year overall survival probability was 62% with surgery-HIPEC and 48% with surgery alone. Inpatient stay 
was only 2 days longer with the addition of HIPEC, and it was feasible for post-operative chemotherapy to commence 
within 4 weeks in both treatment groups.

Within the caveats of a small study (120 patients), where the method of randomization was not explicitly described, 
performed over an 8-year period at a single centre, HIPEC in addition to cytoreductive surgery and chemotherapy for first 
recurrence of advanced (FIGO stage IIIC and IV) epithelial ovarian cancer appeared to be effective. Median overall 
survival was 26.7 months compared with 13.4 months with HIPEC versus no HIPEC and the 3-year overall survival was 
75% versus 18%, respectively.84

Other Histological Subtypes
Epithelial ovarian cancer can be further classified by histological subtype into serous, endometrioid, clear cell and 
mucinous. Notably, trials for PARPi in high-grade ovarian cancers discussed above typically excluded clear cell and 
mucinous cancers. Although the pivotal trials for antiangiogenic and immunotherapy agents included these subtypes, this 
was in small numbers due to their rarity. Ovarian clear cell carcinoma (OCCC) is rare, with higher prevalence in Asian 
populations, and characterized by chemoresistance and poor prognosis.85 However, pre-clinical evidence suggests PARPi 
may act as potent chemosensitizers in OCCC86 and is reviewed in more detail in.85 Due to its low prevalence, it is 
challenging to extrapolate data from the small numbers of OCCC patients included in clinical trials of antiangiogenic and 
immunotherapy agents, although the current evidence is reviewed by Ogasawara et al.87 The same issue plagues the 
mucinous subtype, with a paucity of cases present in large clinical trials limiting the reliability of conclusions from 
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subtype-specific analysis. Despite not reaching statistical significance; however, evidence from GOG-0241 and ICON-6 
suggest potentially beneficial effects of bevacizumab and cediranib respectively and is reviewed in more detail in.88 

Furthermore, the scarcity of HRD in mucinous ovarian cancers implies these tumors are unlikely to respond to platinum- 
based chemotherapy or PARPi.89

Conclusion
Metastatic ovarian cancer remains a devastating disease. Over the last decade, significant advances have transformed the 
lives of many ovarian cancer patients. This is largely due to 1) increasingly patients are being treated in highly 
specialized high volume gynaecologic-oncology centres and 2) well-conducted clinical trials investigating precision 
oncology strategies in ovarian cancer. A major advance has been the use of PARP inhibitor therapy in the maintenance 
setting that has substantially improved progression-free survival in BRCA germline-deficient as well as platinum- 
sensitive ovarian cancers. However, several challenges remain including intrinsic or acquired resistance to PARPi 
therapy. The development of actionable predictive biomarkers of resistance will provide opportunities for further fine- 
tuning of precision oncology therapeutics. Moreover, the emergence of new DNA repair inhibitors in clinical trials 
(including those targeting ATM, ATR, WEE1 and other evolving targets) in solid tumors will likely impact on ovarian 
cancer therapeutics. The evolution of newer antiangiogenic agents and the emergence of immunotherapeutic options also 
provide an opportunity for improvements in survival.

With advancements in these precision strategies, there arises a need to identify clinically relevant predictive 
biomarkers within tumors, and therefore optimal candidates for these therapies. Essential in aiding this transition towards 
“personalized oncology” is the development of validated, tumor-based companion diagnostic testing such as the FDA- 
approved Foundation OneⓇ test90 or the NCC OncopanelⓇ test.91 The former test can assess the tumor mutational 
burden and PD-L1 expression (predictive of immunotherapy response) as well as degree of LOH, HRD and BRCA1/2 
expression (predictive of PARPi response).90 Increasing the availability of companion testing and access to stratified 
precision therapies has the potential to change the face of ovarian cancer therapeutics.
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