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A B S T R A C T

Introduction: Carboplatin is the milestone of epithelial ovarian cancer (EOC) treatment, thus response to pla-
tinum is the major prognostic factor. Among platinum-sensitive patients, 40% carry a germline or somatic
BRCA1/2 mutation. In this scenario a new class of drugs, the PARP inhibitors (PARPis), produced a significant
improvement in long-term disease control. In order to make an aggregate evaluation of the impact of these
agents, we performed a systematic review and meta-analysis.
Patients and Methods: Clinical trials were selected by searching “Pubmed” database and abstracts from major
cancer meetings. We considered the January 2008 - April 2018 time frame. Progression free survival (PFS) was
the primary end-point, toxicities were secondary end-points. Hazard ratios (HRs) of PFS, with confidence in-
tervals, and risk ratios of grade 3–4 toxicity rates, were extracted from retrieved studies and included in the
current analysis. Meta-analysis was carried out by the fixed and random effect models. We conducted this meta-
analysis to also compare indirectly the efficacy of different PARPis in EOC patients.
Results: Five randomized trials for a total of 1839 patients were selected and included in the final analysis. In
particular, we evaluated a BRCA-mutant cohort (871 patients) with a pooled HR 0.25 (95%CI 0.21-0.31) and the
BRCA-wild type cohort (836 patients) with a pooled HR 0.41 (95%CI 0.31-0.55), respectively. Regarding safety
profile, no significant differences were detected in all grade toxicities, however, taking into account 3–4 grade
toxicities and SAEs (severe adverse events), we show that rucaparib-treated patients reported major abdominal
pain events, while niraparib-treated patients were associated with the highest percentage of haematological
toxicities, hypothesizing a drug effect for the safety analysis. In the indirect comparisons, significant differences
were not detected on PFS for the different agents.
Conclusions: We confirm a significant benefit in survival outcome of PARPis for EOC patients with a “class effect”
on the bases of narrow CI and indirect comparisons in the different groups. Therefore, we underline that this
strategy is of special value in BRCA-mutated patients because genetic testing allows best patient selection for all
PARPis with the added value of individualized prevention in familiars.

1. Background

Among epithelial ovarian cancer (EOC) patients, women with ge-
netic predisposition show an early onset of disease. Rare high penetrant
mutations in BRCA1 and BRCA2 genes greatly increase lifetime risk and
account for the majority of hereditary cases, 10%–15% of all cases.

These women have a 40–60% lifetime risk of EOC (44% in BRCA1 fa-
milies and 27% in BRCA2 families, respectively) (Mavaddat et al., 2012;
Xu et al., 2017).

The gold standard first-line treatment is still based on the combi-
nation of carboplatin/paclitaxel (du Bois et al., 1997; Jayson et al.,
2014). The management of recurrent disease strictly depends on
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“interval from last administration of platinum cycle” (platinum free
interval, PFI). In particular, patients defined as platinum-sensitive (with
a PFI > 12 months) could receive a re-challenge with platinum-based
schedules (Ledermann and Kristeleit, 2010). Although a plethora of
targeted agents have been evaluated, only the addition of bevacizumab,
an anti-VEGF antibody monoclonal, has confirmed a role as first-line
treatment and in subsequent lines of treatment (Staropoli et al., 2016).

According to different clinical and pathological behaviours, it was
possible to demonstrate that the clinical outcome and prognosis of these
tumors depend by molecular and pathological characteristics and by
different somatic or germline mutations, unequally distributed between
different subtypes (Bowtell, 2010; Kurman and Shih Ie, 2011; Nik et al.,
2014).

In this scenario, BRCA mutations, both hereditary and sporadic
(including BRCA loss due to promoter methylation as well as BRCA non-
related failure in the DNA homologous recombination), reach the 40%
of all cases of platinum-sensitive patients (Pinto et al., 2016). This
condition seems to derive by the failure of the homologous re-
combination DNA repair (HRD) mechanisms (due to loss of BRCA1
function) to restore double-strand breaks induced by platinum com-
pounds, and has been described in experimental in vitro and in vivo
models (Baudi et al., 2001; Tagliaferri et al., 2009). Moreover, about
50% of sporadic EOC also display defects in the HRD pathway corre-
lated to a good response to platinum-chemotherapy as the inherited
mutations in BRCA1-2 often due to rare germline mutations in other
genes involved in DNA repair (see below) (Cancer Genome Atlas
Research, 2011; Tassone et al., 2005, 2009; Tassone et al., 2003).

Recently, a meta-analysis demonstrated that BRCA1/2-mutation
was significantly associated with a better progression free survival
(PFS), stratifying on histotype, tumour stage, sample size, duration of
follow-up and optimal surgical debulking. Patients with BRCA1-muta-
tion had significant overall survival (OS) (HR=0.73) and a sig-
nificantly longer OS than non-carriers (Xu et al., 2017).

When platinum-sensitivity occurs together with positive family
history and visceral involvement, this condition is defined “BRCA-ness
phenotype”. In all these patients there is increased reliance on the poly
(ADP-ribose) polymerase (PARP) single-strand repair pathway because
the cells inability to repair spontaneous and inducted DNA-damages
and this effect is defined conditioned lethality (Neri et al., 2011).

Mostly, the alteration derives to loss of the normal heterozigosity of
BRCA1/2 that represents an early event in the development of these
cancers (Pennington et al., 2014). PARP inhibithors (PARPi) have de-
monstrated efficacy against EOC in women with germline mutations in
BRCA1 or BRCA2 and are indicated as monotherapy for BRCA-mutated
patients with platinum-sensitive recurrence (Ledermann et al., 2012).
Moreover, Next Generation Sequencing (NGS) identification of somatic
BRCA1/2 mutations, allows to identify a patient population with PARPi
benefit in term of clinical outcomes comparable to germline BRCA1/2
mutations (Dougherty et al., 2017; Lheureux et al., 2017).

PARPi Mechanism- HRD repair is a crucial mechanism for fixing
DNA double strands breaks, specifically active in the G2/S cell cycle
phase in order to maintain genomic integrity. The involved genes, with
loss of function, in HRD repair deficiency are BRCA1, BRCA2, RAD51C,
RAD51D and BRIP1. The BRCA1/2 deficiency produces cell de-
pendency from alternative DNA repair such as non-homologous end
joining (NHEJ) and microhomology-mediated end joining (MMEJ). This
alternative pathway activation increases the mutation rate and genomic
instability. PARP-1 and PARP-2 are involved in DNA repair through
binding to DNA single-strand breaks; this link creates a polymer that is
recognized by protein involved in base excision repair (BER) pathway
for repairing single strand breaks on DNA (Evans and Matulonis, 2017;
Liu et al., 2017; Pulliam et al., 2018).

The PARPis are small molecules that inhibit catalytic domain and
avoid the link between PARP and DNA single strand. On the rationale of
specific sensitivity of EOC cells, several trials were conducted for de-
velopment of this class of drugs in this disease, which demonstrated

significant clinical efficacy with good safety profile (Morgan et al.,
2018).

2. Aim

In order to assess by aggregate analysis the overall impact of PARPis
in the management of EOC patients, we performed a systematic review
of literature and we estimated this effect by a meta-analytic approach.

3. Patients and methods

3.1. Methods

3.1.1. Study design
We performed a systematic review and meta-analysis of all pub-

lished RCTs to evaluate the role of PARPis schedules compared to
conventional therapies and wait-watchful approach in the management
of EOC. In order to compare the different PARPis, we also performed an
indirect-comparison meta-analysis in accordance with The Quality of
Reporting of Meta-analyses (QUOROM) statements (Moher et al.,
1999). The study includes therefore only prospective and RCTs on EOC
in all treatment lines with PFS, as predefined endpoint.

3.1.2. Searching
As performed in our previous works (Botta et al., 2017; Ciliberto

et al., 2013, 2012; Ciliberto et al., 2018, 2015; Ciliberto et al., 2016;
Staropoli et al., 2014, 2016), bibliographic research was conducted by
PubMed, Embase, and the Central Registry of Controlled Trials of the
Cochrane Library, major meeting proceeding databases (ASCO and
ESMO). We identified a time frame comprises between January 2008,
year of introduction of PARPis in clinical trials, and April 2018. Pro-
spective studies only, were allowed in this analysis in order to reduce or
minimize the risk of selection or information bias (Parmar et al., 1998;
Stewart et al., 1998). The search was performed by the following key-
words: “ovarian”, “ovary”, “tumor”, “cancer”, “advanced”, “meta-
static”, “therapy”, “PARPi”, “prospective”, and “randomized” in dif-
ferent combinations: i.e. “epithelial ovarian cancer, PARPi”. The ‘re-
lated articles’ function and references retrieved from articles were used
to perform the search of all related studies, abstracts and citations. For
this search papers written in English language only were considered.

3.1.3. Selection
In the studies included in the present review, patients had to be

enrolled according to the characteristics described in Table 1.

3.1.4. Inclusion criteria
The studies had to report patients with diagnosis of EOC.

Randomized controlled trials, with or without blinding were included.
We considered abstracts or unpublished data if sufficient information
on study design, characteristics of participants, interventions, and
outcomes were available. In the experimental arm patients received a
PARPi-based schedule. In the control arm patients received a conven-
tional placebo maintenance for disease stage.

3.1.5. Exclusion criteria
Non-comparative studies; non-prospective studies; studies with non-

comparable end-points were excluded.

3.1.6. Data extraction
The studies were examined, independently, by two investigators

(N.S. and D.C.) in order to select homogeneous studies. Different vari-
ables from selected trials such as number of patients enrolled, year of
publication, treatment schedule, and efficacy results were extracted and
evaluated. Any discrepancy was resolved by an arbiter (P.T.). Primarily,
we analyzed PFS and toxicities for all patients. Data extraction was
conducted according to the PRISMA statement (Shamseer et al., 2015;
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Stewart et al., 2015).

3.1.7. Validity assessment
The quality assessment of selected studies was evaluated according

to the Cochrane reviewers’ handbook for six requirements: method of
randomization, allocation concealment, blindness, withdrawal/
dropout, sequence generation and adequacy of follow-up (Armijo-Olivo
et al., 2012; Detsky et al., 1992).

All 6 trials involved, were scored A (low risk of bias) (Table 2
Table 2).

3.1.8. Quantitative data synthesis
The meta-analysis was carried out in order to evaluate the effects of

the PARPi-based treatments on the pre-specified end-points (Crowther
et al., 2010). Regarding the outcome of patients, survival data have
been extracted as HRs of PFS with relative confidence intervals
(95%CI). The interaction between survival and experimental treatment
was obtained by each study from the HRs logarithm. The overall effect
of combined treatments on toxicities was calculated using methods for
dichotomous data (risk ratio, 95%CI). Cochrane’s Q-test and I2 statistics
were used to assess heterogeneity between studies and both fixed- and
random-effect models were used for the analysis taking into account the
intent of comparing trials based on drugs with a possible “class effect”.
Pooled data significance analysis was performed according to the
Mantel-Haenszel and the DerSimonian and Laird tests
(Balasubramaniam and Fischgrund, 2002; DerSimonian and Levine,
1999; Jackson et al., 2010).

In order to explore the efficacy of different PARPis in the treatment
of EOC, we intended to conduct an indirect-comparison meta-analysis
between olaparib (at dose of 400mg bid and 150mg bid), niraparib and
rucaparib. If the 95% CI limits did not overlap 1, the pooled HR or RR
was considered to be statistically significant. The results of indirect-
comparison could not be shown in the form of forest plot and was re-
ported as a table.

All the statistical analyses were performed by using STATA SE v.
14.2 (STATA_Corporation, Texas, USA) (Boston and Sumner, 2003).
The indirect comparison procedures of PARPis groups were conducted

using the STATA-Indirect program. All tests were two-sided with P＜
0.05 considered statistically significant.

4. Results

4.1. Studies selection and characteristics

In Fig. 1, the PRISMA chart related to RCTs selection and search
strategy is shown. In the time-frame covered by the present systematic
review (2008–2018), 497 studies were reported as full papers or
meeting abstracts, while 172 studies were initially excluded because
reviews and/or for trial design. Subsequently, we examined in detail the
remaining 325 trials. Among them, were excluded 76 and 46 trials
respectively because selection criteria were not met and overlapping of
other studies. Finally, 5 trials for a total of 1839 patients were selected
and included in the final analysis (Coleman et al., 2017; Ledermann
et al., 2012; Mirza et al., 2016; Oza et al., 2015; Pujade-Lauraine et al.,
2017).

4.2. PFS analyses

Regarding the survival outcome only the PFS analyses were evalu-
able for retrievable data. We confirm the significant benefit in terms of
PFS compared to control arm. In particular, we dwell attention on
sensitivity analyses and each one of subgroup. Although a significant
advantage was showed in all subgroups, both in unselected setting
(pooled HR 0.38 95%CI 0.32 - 0.46) and in BRCAwt patients (pooled
HR 0.41 95%CI 0.31 - 0.55), we demonstrated that the most evident
benefit of PARPis is retained in the BRCAmut population (pooled HR
0.25 95%CI 0.21 - 0.31). In particular, in this analysis the potential
better performance seems to be evident for olaparib (Fig. 2).

The indirect comparison was summarized in Table 3. The indirect
comparison results indicated the lack of significant differences between
the different PARPis.

Table 1
Main characteristics of the randomized trials included in the meta-analysis. Abbreviations: overall survival, OS; progression free survival, PFS; response rate, RR;
hazard ratio, HR.

TRIALS YEAR TREATMENT ARMS TARGETED
PATHWAY

PLATINUM
STATUS

BRCA PATIENTS RR Control
arm

RR Experimental OS PFS
(First author) arm

HR HR
Ledermann J 2014 Olaparib vs Placebo PARP inhibitor sensitive unselected 265 129 136 0.73 0.35
Ledermann J 2014 Olaparib vs Placebo PARP inhibitor sensitive wt 118 61 57 0.83 0.54
Ledermann J 2014 Olaparib vs Placebo PARP inhibitor sensitive mt 136 62 74 0.62 0.18
Oza A 2014 Olaparib plus CHT vs

CHT
PARP inhibitor sensitive unselected 162 81 81 1.17 0.51

Oza A 2014 Olaparib plus CHT vs
CHT

PARP inhibitor sensitive mt 41 21 20 1.28 0.21

Pujade-Lauraine E 2017 Olaparib vs Placebo PARP inhibitor sensitive mt 295 99 196 0.3
Coleman RL 2017 Rucaparib vs Placebo PARP inhibitor sensitive unselected 564 189 375 0.36
Coleman RL 2017 Rucaparib vs Placebo PARP inhibitor sensitive mt 196 66 130 0.23
Coleman RL 2017 Rucaparib vs Placebo PARP inhibitor sensitive wt 368 132 245 0.32
Mirza M.R. 2017 Niraparib vs placebo PARP inhibitor sensitive mt 203 65 138 0.27
Mirza M.R. 2017 Niraparib vs placebo PARP inhibitor sensitive wt 350 116 234 0.45

Table 2
Quality assessment.

Included Studies Year Method Of Randomization Allocation Concealment Blind Withdrawal And Dropout Sequence Generation Baseline Quality Level

Ledermann J 2014 Centralized Central Office Yes Detailed Criteria Detailed Identical Baseline A
Oza A 2014 Centralized Central Office No Detailed Criteria Detailed Identical Baseline A
Pujade-Lauraine E 2017 Centralized Central Office Yes Detailed Criteria Detailed Identical Baseline A
Coleman RL 2017 Centralized Central Office Yes Detailed Criteria Detailed Identical Baseline A
Mirza M.R 2016 Centralized Central Office Yes Detailed Criteria Detailed Identical Baseline A
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4.3. Toxicity analyses

As detailed in Table 4, we confirm the class effect of PARPis in term
of safety profile, considering the all grades toxicities. Conversely, if we
consider the 3–4 grades toxicities and the reported SAEs, we showed the
significant differences of safety profile for each one of analyzed drugs.
In particular, the haematological toxicity was significantly related to
niraparib while the abdominal pain for rucaparib and diarrhea for

olaparib subgroups, respectively.

5. Discussion

This meta-analysis of 6 RCTs for a total of 1839 patients compares
PARPi-based schedules to any other systemic conventional treatment
and/or wait/watchful approach.

First of all, we confirmed the survival benefit for all PARPis

Fig. 1. PRISMA chart showing the trial exclusion and inclusion process in the meta-analysis. SEER, Surveillance, Epidemiology, and End Results.

Fig. 2. Comparison of PFS according to PARPi and BRCA status Abbreviation: progression free survival, PFS; hazard ratio, HR.
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individually and in the pooled analysis. In particular we evaluated a
BRCAmt cohort (871 patients) with a pooled HR 0.25 (95%CI 0.21-
0.31) and the BRCAwt cohort (836 patients) with a pooled HR 0.41
(95%CI 0.31-0.55), in term of PFS in recurrent platinum-sensitive EOC.

Taking into account these findings, we may afford some possible
explanations.Interestingly, apart from olaparib studies, all rucaparib
and niraparib studies were based on different methods for the identi-
fication of the "BRCAness phenotype" (Mirza et al., 2016). However,
there are some limitations: first, “BRCAness phenotype” represents “a
clinical concept” that does not reflect a well-established biological or
molecular definition with different gene expression and immunologic
profile. Moreover, several unstandardized techniques were used in the
above described trials to identify patients with HRD. This heterogeneity
does not allow to aggregate all data concerning LOH signature in a
dedicated sensitivity analysis. Therefore, we dwell attention on
BRCAwt and BRCAmt patient subgroups. We found that PARPis were
similar in terms of efficacy and we confirmed the major effects on
BRCAmt subgroup in terms of PFS. The visual inspection of forrest plot
disclosed a trend of major benefit for BRCAmt patients treated with
olaparib (in Study 19 schedule). Moreover, the impact of PARPis in
BRCAwt and BRCAmt cannot be evaluated on the OS endpoint taking
into account that all studies were not powered for this endpoint and the
limited follow-up.

In our previous analysis, we provided the correlation of BRCA
overexpressed in the dataset of TCGA (p=0.04), which we indirectly
compared with results retrievable by subgroups analyses of PARPis
studies. We demonstrated a benefit in terms of PFS that didn't reflect a
real benefit in terms of OS probably due to a long survival post pro-
gression (Cancer Genome Atlas Research, 2011; Staropoli et al., 2016).
All together our analysis on PFS based on narrow CI on the aggregate

analyses and the indirect comparison results led us to affirm a class
effect of PARPis, which does not appear to indicate a rationale for
differential use in different (others) classes of patients. Also, taking to
account the availability of alternative therapies in this setting, it is very
important to dwell attention on the “cost benefit ratio” particularly on a
clear improvement in terms of efficacy outcome and a better acceptable
safety profile. In these patients, indeed, the role of maintenance therapy
with chemotherapy agents or targeted therapy drugs remain still un-
certain and the need to define a better strategy represent a major aim of
clinical research in this area. However, despite the great attention
placed on the biological and molecular profile of EOC (and in particular
of HGSOC) none of the evaluated biomarkers is clinically relevant. In
this scenario, the BRCA status (identified at diagnosis) represents an
important biomarker not only of the PARPi-response but also as a
platinum-response predictor (Tassone et al., 2009). Moreover, several
findings highlighted a role of BRCA in the cytoskeletal reorganization
related to the product of the proto-oncogene aurora kinase A (AURKA).
AURKA and BRCA activations seem to influence many tumour sup-
pressor proteins (p53, c-Myc), while these alterations occur very early
in EOC progression (Ouchi et al., 2004; Yang et al., 2004). Recently, we
demonstrated that AURKA could represent a potential biomarker, in
association to BRCA status, for an earlier definition of platinum-re-
sponse (Mignogna et al., 2016).

Finally, if we consider the high percentage of BRCAmt patients
identified in the context of all platinum-sensitive patients, the relevance
of the BRCA1 and BRCA2 gene testing in these patients allows the in-
terception of BRCAmt families with the subsequent social impact of a
personalized prevention strategy for proband and family members that
is an important added value (Pinto et al., 2016).

The safety profile deserves a particular analysis. Indeed, by these
findings, it is possible to observe that the “class effect” previously re-
ported for efficacy outcome, is here well defined for “all grade toxicity”
analysis only. Conversely, in the subgroup analysis conducted for 3–4
toxicity grades or SAE, the safety profile appears deeply unbalanced on
different PARPis and in particular niraparib reported a relevant hae-
matologic toxicity. It would be interesting to correlate these events with
pharmaco-genomics personalized molecular profiles by the use of
dedicated platforms (Arbitrio et al., 2016a, b; Di Martino et al., 2011a,
b; Di Martino et al., 2016; Guzzi et al., 2012; Scionti et al., 2017).

The major limitation of this meta-analysis is the unavailable data on
the OS outcome and the different biological profile of enrolled patients.
Moreover, this work is performed for Literature data with other limits
as the difficulty to retrieve all data relating to any subgroups, and
possibility to aggregate all the data of each single study for all end-
points selected.

We conclude that the efficacy class effect does not justify expanded
market approval for any of PARPis and suggest that differences in safety
profile should be the major issue in drug choice.

Finally, the attempt to define a genomic signature for the
“BRCAness phenotype” could represent an important future goal in the
context of EOC patients for the optimal therapeutic strategy. However,
this goal requires a dramatic implementation of molecular analyses and
the possibility of using a universally recognized standardized method
for this specific tool.
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Table 3
Indirect comparison of treatments. Abbreviations: progression free survival,
PFS; hazard ratio, HR; confidence interval, CI.

Olaparib
150mg bid

Rucaparib 600 mg Niraparib

Olaparib
400mg

HR (CI) 0.6 (0.315 -
1.144) p- value 0.121

HR (CI) 0.749
(0.394 - 1.423) p-
value 0.377

HR (CI) 0.667
(0.326 - 1.365)
p-value 0.268

Rucaparib 600
mg

HR (CI) 1.248 (0.809 -
1.927) p-value 0.316

Niraparib HR (CI) 1.111 (0.648 -
1.905) p-value 0.702

Table 4
PARPis Toxicities in all grades and 3–4 grade/SAE subgroup.

ALL GRADES Olaparib RR (CI) Rucaparib RR (CI) Niraparib RR (CI)

Abdominal Pain 0,7 (0,47–1,11) 114 (0,86–152) 076 (0,57–1,03)
Constipation 1,24 (0,6–1,87) 152 (114–2,03) 198 (144–2,72)
Diarrea 1,62 (092–2,34) 145 (1,06–198) 092 (065–1,32)
Fatigue 1,66 (1,18–2,04) 157 (1,32–1,87) 144 (1,18–1,74)
Nausea 2,27 (1,67–252) 205 (1,68–2,49) 209 (1,7–2,57)
Vomiting 1,94 (1,31–3,31) 245 (1,7–353) 212 (1,48–304)
Anemia 5,37 (2,27–9,39) 637 (3,54–11,47) 748 (4,29–13,04)

SEVERE
Abdominal Pain 0,84 (0,15–3,11) 454 (0,58–35,54) 065 (0,15–2,87)
Constipation 0,07

(0,05–45,34)
178 (0,37–8,41) 098 (0,09–10,69)

Diarrea 2,54
(0,12–37,40)

050 (0,07–353) 024 (0,02-2,67)

Fatigue 2,02 (0,58–8,14) 252 (098–6,48) 1463 (201-106,44)
Nausea 5,58 (0,3–93,63) 706 (0,93–53,25) 268 (0,60–11,97)
Vomiting 2,53

(0,33–23,53)
378 (0,87–16,36) 341 (0,42–27,54)

Anemia 9,60
(1,93–44,73)

3528
(4,94–252,01)

9147
(5,71–1464,79)
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