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Introduction 
Approximately 7,400 women are diagnosed with ovarian cancer every year in the UK and 4,100 die from their disease [1]. Despite incremental trials of combination chemotherapy and bevacizumab, overall survival for patients with advanced disease has not improved in the last two decades. Indeed, the mortality-incidence-ratio for ovarian cancer, which is a robust measure of cancer outcomes, is only just less than liver, pancreas, oesophageal, brain and lung cancer. High grade serous ovarian carcinoma (HGSOC) accounts for the majority of these cases and their mortality. New medicines targeting aberrant DNA repair in HGSOC now offer significant opportunities for improving outcomes. This review will focus the major clinical challenges including rapid identification of patients with homologous recombination deficiency and earlier use of PARP and immune checkpoint inhibitor therapy.
Genomic explanations for chemosensitivity and acquired resistance
The defining genomic characteristic of HGSOC is profound genetic heterogeneity and very high numbers of structural changes, particularly copy number aberrations. Classical oncogenic mutations are rare and other mechanisms, including gene amplification, are thought to drive tumour biology. The majority of mutations cause loss of function effects, many in classical tumour suppressor genes. TP53 mutation is a ubiquitous event in HGSOC and is diagnostically important as it excludes a diagnosis of low grade serous carcinoma [2, 3]. 
A significant proportion of this genetic heterogeneity may be explained by loss of DNA repair mechanisms, particularly loss of homologous recombination (HRD). Germline and somatic mutations of BRCA1 and BRCA2 genes are present in approximately 20% of ovarian cancers [4]. A further 11% of cases have methylation of BRCA1 which epigenetically abrogates BRCA1 protein expression. The TCGA analysis suggested that up to 50% of all HGSOC cases have HRD based on additional defects in PTEN (6%), RB1 (4%) and EMSY (6% amplification) (Fig. 1). Platinum-resistance was associated with CCNE1 amplification, which encodes an essential protein of the cyclin-dependent kinase domain, required for the normal function of the cell cycle, and was mutually exclusive with BRCA1/2 loss.
The critical role of BRCA1 and BRCA2 mutation in determining platinum sensitivity is underscored by the observation that secondary or revertant mutations in BRCA1, BRCA2 and other HRD genes can induce resistance to therapy [5-8]. Whole genome sequencing of post mortem samples from germline cases who developed platinum-resistant disease showed that reversion of germline mutations of BRCA1 and BRCA2 genes can occur at multiple different DNA positions in different metastatic lesions within the same patient [9]. In addition, cases with methylated BRCA1 undergo secondary loss of methylation events to re-express BRCA1 protein. 
Molecular characterization of primary platinum-resistant cases has not been extensively performed, although CCNE1 amplification has been strongly implicated. CCNE1 encodes the G1/S-specific cyclin-E1 protein that is a vital component of the normal functioning of the G1/S transition. In the whole genome sequenced patients with acquired platinum-resistance, CCNE1 amplification was found to be the main structural modification associated with resistance to chemotherapy [9]. Platinum resistance was also associated with a 1.6× increase in structural variants compared to primary tumours. Other potential mechanisms of resistance observed in this series included upregulation of the ABCB1 gene, which encodes the multidrug resistant protein 1 (MDR1) and increases the cellular efflux of taxanes. 
While these recent studies provide extremely valuable information regarding tumour heterogeneity and chemotherapy resistance, research in acquired or primary chemoresistance of HGSOC remains a priority. Although oncogenic mutations in HGSOC are much less frequent than in other malignancies, some identified mutations might be targetable (EGFR, PIK3CA, PDGFR, KIT, HER2) if the appropriate populations can be identified [10, 11].
[bookmark: _x10ah8wjnop1]Increasing dose intensity of chemotherapy
As the pattern of metastatic spread in HGSOC shows strong specificity for the peritoneal surfaces, different approaches have tested the whether dose intensification with chemotherapy can improve outcomes. The peritoneal specificity for HGSOC metastases may be explained by its unique biology. The secretory cell of the fallopian tube is cell of origin for HGSOC [12, 13]. Distant metastasis from the distal fallopian tube to the entire abdomen rapidly occurs as malignant cells detach early and there is no physical barrier preventing carcinoma cells shedding into the pelvis. Passive physiological movements of peritoneal fluid and migration of cells into the abdominal cavity also facilitate the process of metastasis.
Three randomized trials have shown that IP chemotherapy improves outcomes after debulking surgery for advanced ovarian cancer [14-18]. In addition, a Cochrane meta-analysis, showed that IP-IV administration of chemotherapy is associated with a 21.6% decrease in the risk for death. However, widespread implementation of IP therapy has not occurring owing to significant treatment toxicity and the difficult of managing indwelling catheters. Shorter exposure to IP chemotherapy using hyperthermic intraperitoneal chemotherapy (HIPEC) may be a compelling alternative as overall survival was significantly improved in a randomized trial of 245 stage 3 patients [17] without increased grade 3 or 4 toxicity. 
[bookmark: _3v495dz8e0a]Feasibility of germline testing for BRCA1/2
International guidelines recommend that all patients diagnosed with an epithelial ovarian cancer, including carcinomas of fallopian tube and peritoneum are offered genetic BRCA testing regardless of age [19]. Ideally, genetic testing should be offered at diagnosis, however, patients can be referred at any stage and even after completion of treatment and during follow-up. If germline testing is negative, tumour tissue should be tested for somatic mutations which account for approximately 5% of the 20% of BRCA1/2 mutations, thus helping to identify more patients that could benefit from PARP inhibition. 
In the UK, NICE recommends BRCA testing in all ovarian cancer patients with a risk of 10% or more [20]. A cost-benefit study showed that by testing all ovarian cancer patients in the UK for BRCA mutation, there would be 141 fewer new cases of ovarian cancer, 142 fewer new cases of breast cancer and 77 fewer deaths [21]. The feasibility and acceptability of offering unselected BRCA1/2 testing to all newly diagnosed women with ovarian cancer has been formally tested in a prospective study [22, 23]. Unselected testing was acceptable to women and is less resource intensive than standard practice of referring to clinical genetics based on family history. However, there is still widespread inequality across the UK for routine access to BRCA1/2 testing. 
Targeting Homologous Recombination Deficiency
The most important repair mechanism for faithful repair of double strand DNA breaks is homologous recombination repair (HR) and its activity is strictly regulated by cyclin-dependent kinases (CDK). BRCA1 and BRCA2 are required for HR and are the most important targets for therapy although other genes may have clinical relevance including RAD51B/C/D, the Fanconi anaemia (FA) genes, BARD1, BRIP1, CHEK2 and PALBB2 [24-26].
Bioinformatic analysis of the TCGA data suggested that the HR pathway is deficient in more than 50% of HGSOC cases [4]. When HR is deficient (HRD), cells rely on an alternative repair pathway, the “error-prone” and less efficient non-homologous end joining pathway (NHEJ). BRCA mutated cells are extremely sensitive to PARP inhibition [27, 28]. Poly (ADP-ribose) polymerase (PARP) is a family of proteins involved in single-strand breaks (SSBs) and base excision repair (BER); these proteins work by recognizing and restoring single-strand DNA damage. In cells with a functional HR mechanism, PARP proteins will repair single stranded breaks in DNA. If the HR pathway is defective, inhibition of PARP prevents single-strand break repair, leading to overwhelming accumulation of double-strand breaks and resulting in lethal damage. This mechanism of inducing cytotoxicity only in cells with prior loss of BRCA function is a form of “synthetic lethality” (Fig. 2).
Olaparib was the first PARP inhibitor approved for the treatment of ovarian cancer with a BRCA mutation. Registration was based on the pivotal Study 19 trial which investigated maintenance olaparib treatment in women with ovarian cancer who had responded to a previous platinum-based chemotherapy (Table 1) [29]. Although patients were not selected based on BRCA1/2 status, a retrospective analysis showed that this subgroup mutation had the largest benefit with a HR for PFS of 0.18 [30]. Patients with wild-type BRCA1/2 also benefited with a less dramatic improvement in PFS from 5.5 to 7.4 months. 
[bookmark: _GoBack]The effectiveness of olaparib as maintenance treatment for platinum-sensitive patients with a BRCA1/2 mutation was confirmed in the phase III SOLO2 trial which showed an improvement in median PFS from 5.5 to 19.1 months (HR 0.3) [31].
The Ariel 2 phase II trial investigated the hypothesis that most of the benefit in patients without BRCA1/2 mutations from PARP therapy would be in patients with other causes of HRD [32]. The trial was stratified by a loss of heterozygosity (LOH) biomarker as a surrogate for HRD. Patients were classified as known BRCA1/2 mutated, LOH-high, or LOH-low. Progression-free survival was significantly longer in the BRCA1/2 mutant and LOH-high groups (HR 0.27 and HR 0.62 respectively) although the differences in median PFS between LOH-high and LOH-low groups was modest (Table 1). Although the LOH score was predictive of response, improved specificity is needed. 
An alternative to testing for HRD is to select patients who have long platinum-free intervals and are likely to be enriched for HRD. In the NOVA trial patients with platinum sensitive recurrent HGSOC were randomised to niraparib maintenance versus placebo following a response to any line of platinum [33]. Patients were stratified according gBRCA status. The non-gBRCA cohort were further stratified according to the presence or absence of HRD using a central laboratory DNA based test. As expected, compared with placebo, niraparib substantially increased PFS in the gBRCA group 21.0 versus 5.5 months (HR 0.27). Both the HRD positive and negative group gained a significant benefit 9.3 versus 3.9 months (HR 0.45) and 12.9 versus 3.8 months (HR 0.38) respectively.
The Ariel 3 phase III trial was similar in design to Novo but using rucaparib instead as the PARP maintenance agent [34]. They used LOH score as their assay for HRD status and showed improved median PFS in HRD and non HRD patients when rucaparib was administered in maintenance after response to a platinum therapy. 
PARP inhibitors have a safe toxicity profile and share some similarities regarding common side effects. The most frequent side effects reported for all PARP inhibitors included nausea and vomiting (44%), fatigue (35%), anemia (14%), elevated liver enzymes, constipation and abdominal distension. Less common side effects are, thrombocytopenia and neutropenia and a <1% risk of myelodysplastic syndrome or acute myeloid leukemia [29, 31-34]. 
Platinum response in platinum sensitive patients has now been established as is a useful functional test of HRD status and as a selection criterion for maintenance PARP therapy. The presence of a BRCA mutation selects for response to PARP monotherapy, but better biomarkers are required to identify which non-BRCA patients would benefit from PARP monotherapy. 
In the UK, the current approval for olaparib is maintenance treatment of ovarian cancer patients with a germline or somatic BRCA1/2 mutation following response to ≥ 3rd line platinum-based treatment [35]. Niraparib and olaparib now have European licences for the treatment of any patient with platinum-sensitive recurrent disease following the results of NOVA and SOLO2 respectively. NICE approvals are currently pending for these broader indications.
The most important clinical question is now whether early treatment with PARP inhibitors will improve outcomes. The phase III SOLO1 trial is due to report in the first half of 2018 on the results of maintenance treatment with olaparib following first line therapy of patients with a BRCA1/2 mutation. The PRIMA trial is currently recruiting and is studying the effects of niraparib maintenance treatment in patients with advanced ovarian cancer following response on front-line platinum-based chemotherapy regardless of BRCA status [36]. 
Immunotherapy 
Tumour-infiltrating lymphocytes (TILs) are often present in the ovarian tumour microenvironment and cytotoxic CD8+ TILS strongly correlate with improved survival [37-39]. The presence of T cell subsets CD3+ and CD8+ in the microenvironment were associated with the best clinical outcomes [40, 41]. By contrast, the presence of FoxP3 Treg (a negative regulator of the T cell functions) may have adverse prognostic information [42] and low CD8+/FOXp3 ratio is associated with reduced survival in OC patients [43]. CD8+ T cells are also strongly correlated with germline BRCA1 and BRCA2 mutations[44], suggesting that DNA damage response (DDR) and not neoantigen presentation may be the basis of the immune response. This possibility is supported by findings in breast cancer where cancers with high levels of DDR were strongly associated with CD4+ and CD8+ lymphocytic infiltration and higher levels of the chemokines CXCL10 and CCL5 [45]. These responses were driven by activation of the viral response cGAS/STING/TBK1/IRF3 pathway, suggesting that DDR mimics viral infection [45].
The chemokine Interleukin 6 (IL6) frequently raised in HGSOC and clear cell ovarian cancer and is a poor prognostic factor. Increased levels of IL6 have been associated with resistance to chemotherapy and thrombocytosis [46-48]. A combination of the IL6 inhibitor tocilizumab and standard chemotherapy showed increased activity and enhancement of the cytotoxic T cells in a phase 1 trial [49]. The phase 2 study of this combination is ongoing.
The programmed death cell protein 1 (PD-1) and its ligand PDL1/2 play major roles in the down-regulation of the immune response in the tumour microenvironment. The cell surface receptor PD-1 interacts with one of two ligands, PD-L1 or PD-L2, and suppresses the T-cell response, thus reducing anti-tumoural immune activity. Inhibition of PD1/L1 has shown significant and prolonged responses in malignancies with a high mutational load (renal, melanoma, urothelial, lung) [50, 51]. 
However, the results of phase 1 and 2 trials with immune checkpoint inhibitors in ovarian cancer have shown low response rates of 10-15% [52, 53]. The comparative low mutational load of OC suggests that fewer neoantigens may be present than in other tumour types. An important caveat is that patients enrolled in these earlier phase trials were heavily pretreated, therefore T-cell exhaustion may have resulted in reduced efficacy. 
Despite low rates of response, anti-PD1 imunotherapy has moved rapidly into phase III relapsed and first line trials, including neo-adjuvant therapy [54]. The phase III JAVELIN 200 trial compared avelumab versus pegylated liposomal doxorubicin (PLD) versus the combination of PLD and avelumab and has rapidly completed recruitment. Avelumab is also now in first line testing and the phase III trial JAVELIN 100 is currently recruiting in a three arm trial design which randomises patients to carboplatin and paclitaxel with or without concomitant avelumab (anti-PD1). Those receiving avelumab concomitantly with chemotherapy are then randomised to either continue on maintenance avelumab or to stop.
A retrospective analysis showed that neoadjuvant chemotherapy increased the immune infiltrates and also the expression of PD-1 in a series of patients with HGSOC [55]. Prospective studies are needed to validate this approach that could select patients for immunotherapy based on the expression of PD1 activated by prior chemotherapy. BRCA 1/2 mutated tumours had a higher load of neoantigens compared to with HR proficient subset [56]. 
[bookmark: _z9wrco689l0n]Combination therapies
[bookmark: _upwglfbyvisj]PARP inhibitors and PD1/L1 immunotherapy
The association between mutational burden and immune checkpoint blockage response has now been described in several cohorts. In a recent pan-cancer comparison a correlation coefficient of 0.74 for mutational burden and response to anti-PD1/L2 suggested that 55% of the differences in the objective response rate across cancer types may be explained by the tumor mutational burden [57].. The composition of the immune infiltrate is plays an important modulatory role as can other components of the tumour microenvironment including fibroblasts [58].
There is now significant trial activity testing combinations of a PARP inhibitors with anti-PD1/L1 immune checkpoint therapy. These studies reflect that notion that DDR from PARP therapy will increase the modest rates of response seen with PD1/L1 in ovarian cancer by altering immune response. PARP could act to enhance response to immunotherapy in two ways. Firstly, increased DNA damage by PARPi may yield greater mutational burden and expand neoantigen expression (epitope spreading) [59]. Neoantigen exposure is not sufficient by itself to to stimulate an adaptive immune response and the presence of a danger signals that activate the innate immune system is also required [60]. The stimulator of interferon genes (STING) is the main danger pathway responsible for immune activation in response to DNA damaging agents such as chemotherapy or PARPi which cause the release of double stranded DNA with activation resulting in the release of type I interferon and proinflammatory cytokines [61]. Whilst PARP itself usually has a pro-inflammatory role [62] it has been proposed that there may be a threshold above which the DNA damage-induced stress signals overwhelm anti-inflammatory effects of PARP inhibition—for example in BRCA1/2 tumours, resulting in a second mechanisms of action as a pro-inflammatory agent [63]. This notion is supported by in vivo experiments which show that the PARP inhibitor talazoparib increases the number of peritoneal CD8+ T cells and natural killer cells and increases production of interferon-gamma (IFN-g) and tumor necrosis factor–A in a BRCA1-mutated ovarian cancer xenograft model [64]. Along with the observation that BRCA1 and BRCA2 tumours show increased expression of CD3 and CD8 TILs at baseline and a have higher expression of PD-1 and PDL-1 [65], these data suggest that BRCA1/2 mutated tumours could respond better to a combination of immunotherapy and PARP inhibitors. The Mediola phase I/II trial is investigating the efficacy of combined anti-PD1 and PARP therapy in platinum sensitive gBRCA patients [66]. 
However, the combination of PARP inhibitor and anti-PD1/L1 has only been tested in very small numbers of patients. A phase I dose finding study of PARP (olaparib) and anti-PD1 (durvalumab) in 12 patients showed two partial responses and eight patients had stable disease. However, PARP enhancement of immune response to checkpoint inhibitors is an attractive hypothesis and phase III trials are already in progress with the ATHENA trial due to open Q2 2018. ATHENA is a randomized double-blind placebo-controlled phase 3 study in ovarian cancer patients evaluating rucaparib and nivolumab as maintenance treatment following response to front-line platinum-based chemotherapy.
[bookmark: _acht152sort9]PARP and anti-angiogenic agents
Large randomized trials have shown that combining chemotherapy with bevacizumab, a vascular endothelial growth-factor inhibitor, can improve progression-free survival in patients. The highest benefit was observed in patients stratified for high risk of progression with either stage 4 disease or >1.0cm of residual disease [67-69]. In recurrent disease, bevacizumab was associated with an improved PFS in women with both platinum-resistant and platinum-sensitive disease [70, 71].
An emerging approach is combination therapies of PARP inhibitors and antiangiogenic molecules. The vascular endothelial growth factor inhibitor cediranib combined with olaparib showed a longer PFS in patients with recurrent platinum-sensitive ovarian cancers when compared to olaparib alone. This combination was particularly favourable in non-BRCA mutated patients, with a PFS gain of 18 months, while in BRCA mutated patients the combination seemed equivalent with olaparib alone [72]. 
This combination has been moved into phase III and a trial comparing single-agent olaparib or the combination of cediranib and olaparib to standard platinum-based chemotherapy in women with recurrent platinum-sensitive ovarian, fallopian tube, or primary peritoneal cancer is currently ongoing [73]. ICON 9 is a planned phase III study to examine maintenance cediranib and olaparib versus maintenance olaparib alone following platinum-based chemotherapy in patients with recurrent platinum sensitive high-grade ovarian cancer. PAOLA-1 is an ENGOT/GCIG phase III trial currently enrolling patients investigating the use of olaparib (using the tablet formulation) versus placebo combined with bevacizumab as maintenance treatment in patients with stage IIIB through IV HGSC or endometrioid ovarian cancer treated with first-line platinum-based chemotherapy and bevacizumab [74].
[bookmark: _uj5o9xt71paf]Anti-PD1/L1 and anti-angiogenic agents
Angiogenic agents produced in the tumour microenvironment can inhibit T-cells from infiltrating the tumour site by downregulating adhesion molecules that are required for T-cell extravasation [75]. Combining anti-angiogenic molecular with anti-PD1/L1. would theoretically particularly enhance response in tumour such as ovarian cancer where there are low numbers of T cells within the tumour. In a phase I trial six partial response and three stable diseases were seen in 12 evaluable patients who received durvalumab plus cediranib [76]. Response to therapy was independent of PD-L1 expression. Studies are in progress in all phases.
 Two phase III trials are investigating the benefit of anti-PD1/L1 and anti-angiogenic agents and are currently recruiting. The first is in the relapsed setting: ATALANTE randomises platinum sensitive relapsed ovarian cancer patients to platinum-based chemotherapy and bevacizumab with or without atezolizumab (anti-PD1) [77]. The IMagyn050 is comparing atezolizumab versus placebo in combination with paclitaxel, carboplatin, and bevacizumab in participants with newly-diagnosed stage III or stage IV ovarian, fallopian tube, or primary peritoneal cancer in the first line setting [78].
[bookmark: _4v72epekx3sf]Liquid biopsies in ovarian cancer
Evolving spatial and temporal intratumoural heterogeneity may explain resistance to chemotherapy in HGSOC [79]. However understanding the clonal evolution of HGSOC presents considerable challenges as repeat abdominal biopsies are invasive and associated with morbidity and a high rate of unsuccessful diagnostic tissue. A blood test that could predict early response to treatment could avoid unnecessary treatment toxicity and enable early treatment switching to improve response and has the potential to accelerate drug development in clinical trials. 
Circulating tumour cells (CTC) are cells that migrated from a primary tumour into the vascular or lymphatic system. CTCs are in general found rare in the bloodstream of a cancer patient but the identification of CTC is relatively easy and reproducible, making it a potential “liquid biopsy”. A large meta-analysis of the prognostic value of CTC in >1,000 ovarian cancer patients showed that overall and progression-free survival were significantly correlated with the presence of CTC, with an increased risk of disease and death in CTC positive patients [80]. CTC were correlated with advanced stage disease (stage III and IV). However, the number of CTC in blood is low in HGSOC. Detection of >2 CTCs with the Veridex CellSearch system was positive in only 14% of patients with advanced ovarian carcinoma (median 0) indicating that CTC counts are too low to be used as a measure of response [81].
By contrast, circulating tumour DNA (ctDNA) is a more reliable biomarker for the detection of response and tumour burden than both CTC and classical serum markers such as CA15-3 [82]. The ubiquitous presence of TP53 mutations in HGSOC [2] can be exploited to develop personalized non-invasive plasma ctDNA assays for all women with HGSOC [83]. Tagged-amplicon deep sequencing (TAm-Seq) was able to reliably identify TP53 mutations in blood when present at frequencies of 2% to 65% [83]. By studying sequential plasma samples, it was possible to detect the emergence of a rare EGFR mutation indicating a resistant subclonal population. This clone was shown to be present at diagnosis in very low numbers of cells, based on the detection of the same EGFR mutation in omental deposits from primary surgery. It was possible to identify the tissue source of metastatic cancer in a patient with previous colorectal and ovarian carcinoma by identification of the specific TP53 mutation in ctDNA. Sequencing of ctDNA in HGSOC therefore offers strong potential as a ‘liquid biopsy’ for personalized mutation profiling and clonal evolution [84]. ctDNA was shown to reliably predict chemotherapy response in patients with relapsed HGSOC [85]. The levels of ctDNA before treatment were strongly correlated with 3D volumetric estimates of disease burden from CT images [85]. A decrease of >65% of TP53 ctDNA between pre-cycle 1 and 2 was an independent predictor of time to progression based on multivariable analysis (hazard ratio 0.2, 95% CI 0.07-0.67, p = 0.008). Longitudinal monitoring has also been shown to detect revertent mutations in BRCA1 and BRCA2 providing a potential liquid biopsy for detecting resistance to platinum-based or PARP therapy [86, 87].
Sequential ctDNA measurements are therefore a highly specific, early response marker in HGSOC and ctDNA assays are common tertiary endpoints in current international randomized trials in ovarian cancer. Limited sensitivity for ctDNA detection in patients with low volume disease remains a barrier to use of ctDNA for early diagnosis of ovarian cancer. Current approaches to improve sensitivity, using whole genome sequencing and size selection, are being developed for application to early detection of relapse in clinical trials. This would allow testing of targeted treatments and immunotherapy in low volume disease with the potential to improve outcomes. 
Conclusions
The last two decades have provided key insights into the biology and genomic features of HGSOC. The advent of wider PARP inhibitor use is already showing significant improvements in survival rates in BRCA mutated and homologous recombination deficient HGSOC. The important clinical challenge will be to rapidly identify women with both genetic and somatic BRCA1/2 mutations so they are eligible for PARP therapy. Further development of HRD biomarkers is needed to improve specificity and precision for selecting patients that will benefit from PARP inhibitors. Immune checkpoint inhibitors have shown modest results in the treatment of OC, although the results of combination trials of immunotherapy and PARP inhibitors are now awaited. There is now the exciting prospect that over the next five years, chemotherapy will not be the first line therapy for HGSOC.
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Figure Legends
Figure 1: Frequent alterations in high-grade serous ovarian cancer, including point mutations, amplification or losses (adapted from [4]). Germline and somatic mutations of BRCA1 and BRCA2 are found in approximately 20% of ovarian cancers. Up to 50% of ovarian cancers have a deficient homologous recombination based on defects found in PTEN, RB1 or EMSY genes. 
Figure 2: Schematic representation of synthetic lethality. In cells with functional homologous recombination (HR) mechanism, PARP will restore single stranded DNA breaks. If HR is defective, inhibition of PARP will prevent DNA repair resulting in lethal damage. 


Tables
Table 1: Phase 2 and 3 trials of PARP inhibitors and outcomes. (LOH, loss of heterozygosity; HRD, homologous recombination deficiency; TNBC, triple negative breast cancer; OC, ovarian cancer; wt, wild type; mut, mutant)

	Study
	PARP inhibitor
	Trial phase
	Comparison arm
	Inclusion criteria
	Number of patients with OC in the PARPi arm
	Number of patients in the placebo arm
	BRCA status
	PFS PARPi arm (months unless otherwise specified)
	PFS placebo arm (months)

	ARIEL2 [32]
	Rucaparib
	2
	N/A
	Relapsed platinum-sensitive HGSOC
	40
	N/A
	BRCAmut (Foundation Medicine)
	12.8
	N/A

	
	
	
	
	
	82
	N/A
	BRCAwt LOH high (Foundation Medicine)
	5.7
	N/A

	
	
	
	
	
	70
	N/A
	BRCAwt LOH low (Foundation Medicine)
	5.2
	N/A

	
	
	
	
	
	12
	N/A
	BRCAwt LOH unclassified (Foundation Medicine)
	N/A
	N/A

	ARIEL3 [34]
	Rucaparib
	3
	Placebo
	Recurrent OC after response to platinum therapy
	130
	66
	BRCAmut (Foundation Medicine)
	16.6
	5.4

	
	
	
	
	
	236
	118
	HRD (BRCAmut + LOH high) (Foundation Medicine)
	13.6
	5.4

	
	
	
	
	
	375 total
	189 total
	Intention-to-treat population (BRCAmut and wt)
	10.8
	5.4

	[88]
	Veliparib
	2
	N/A
	Persistent or recurrent epithelial OC gBRCA1/2 mutated 
	39
	N/A
	BRCA1mut (Myriad Genetics)
	8.18
	N/A

	
	
	
	
	
	11
	
	BRCA2mut (Myriad Genetics)
	5.8
	N/A

	[89]
	Olaparib 
	2
	N/A
	Recurrent HGSOC or poorly differentiated OC or TNBC
	17
	N/A
	BRCA1/2mut OC (Myriad genetics)
	221 days
	N/A

	
	
	
	
	
	47
	N/A
	BRCAwt OC (Myriad genetics)
	192 days
	N/A

	
	
	
	
	
	64 total OC
	N/A
	all OC regardless of BRCA
	219 days
	N/A

	[90]
	Olaparib 
	2
	N/A
	Advanced solid tumours with gBRCA1/2 mutation
	193 OC
	N/A
	BRCAmut OC
	7
	N/A

	Study 19 [29, 91]
	Olaparib
	2
	Placebo
	Platinum-sensitive relapsed OC who had received >=2 platinum regimens
	136
	129
	N/A (no stratification based on BRCA status)
	8.4
	4.8

	Study 42 [92]
	Olaparib
	2
	N/A
	Advanced OC and 3 or more lines of prior therapy with gBRCA1/2 mutations
	137
	N/A
	gBRCA1/2 mutant
	7.9
	N/A

	SOLO2 [31]
	Olaparib 
	3
	Placebo
	Platinum-sensitive recurrent OC
	196
	99
	BRCA mutant (Myriad genetics)
	19.1
	5.5

	
	
	
	
	
	
	
	
	
	

	NOVA [33]
	Niraparib
	3
	Placebo
	platinum-sensitive recurrent OC
	138
	65
	gBRCAmut (Myriad Genetics)
	25.8
	19.5

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	234
	116
	non-gBRCAmut (Myriad Genetics)
	18.6
	15.6

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	106
	56
	non-gBRCAmut with HRD positivity (Myriad Genetics)
	9.3
	3.7
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