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A B S T R A C T

Background

Ovarian cancer is the sixth most common cancer and seventh most common cause of cancer death in women world-wide. Three-quarters

of women present when the disease has spread throughout the abdomen (stage III or IV) and treatment consists of a combination of

debulking surgery and platinum-based chemotherapy. Although initial responses to chemotherapy are good, most women will relapse

and require further chemotherapy and will eventually develop resistance to chemotherapy.

PARP (poly (ADP-ribose) polymerase) inhibitors, are a novel type of medication that works by preventing cancer cells from repairing

their DNA once they have been damaged by other chemotherapy agents. It is not clear how PARP inhibitors compare to conventional

chemotherapy regimens for the treatment of ovarian cancer, with respect to survival, side effects and quality of life.

Objectives

To determine the benefits and risks of PARP inhibitors for the treatment of epithelial ovarian cancer (EOC).

Search methods

We identified randomised controlled trials (RCTs) by searching the Cochrane Central Register of Controlled Trials (CENTRAL 2015,

Issue 3), the Cochrane Gynaecological Cancer Group Trial Register, MEDLINE (1990 to April 2015), EMBASE (1990 to April

2015), ongoing trials on www.controlled-trials.com/rct, www.clinicaltrials.gov, www.cancer.gov/clinicaltrials and the National Research

Register (NRR), the FDA database and pharmaceutical industry biomedical literature.

Selection criteria

Women with histologically proven EOC who were randomised to treatment groups in trials that either compared PARP inhibitors with

no treatment, or PARP inhibitors versus conventional chemotherapy, or PARP inhibitors together with conventional chemotherapy

versus conventional chemotherapy alone.

Data collection and analysis

We used standard Cochrane methodology. Two review authors independently assessed whether studies met the inclusion criteria. We

contacted investigators for additional data, where possible. Outcomes included survival, quality of life and toxicity.
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Main results

We included four RCTs involving 599 women with EOC. Data for veliparib were limited and of low quality, due to small numbers (75

women total). Olaparib, on average, improved progression-free survival (PFS) when added to conventional treatment and when used

as maintenance treatment in women with platinum-sensitive disease compared with placebo (hazard ratio (HR) 0.42, 95% confidence

interval (CI) 0.29 to 0.60; 426 participants; two studies), but did not improve overall survival (OS) (HR 1.05, 95% CI 0.79 to 1.39;

426 participants; two studies). We graded this evidence as moderate quality using the GRADE approach. Adverse events of any severity

were common in both the PARP inhibitor group and the control group. Olaparib was associated with more severe adverse events (G3/

4) during the maintenance phase compared with controls (risk ratio (RR) 1.74, 95% CI 1.22 to 2.49; 385 participants, two studies;

high quality evidence). Quality of life data were insufficient for meta-analysis. We identified four ongoing studies.

Authors’ conclusions

PARP inhibitors appear to improve PFS in women with recurrent platinum-sensitive disease. Ongoing studies are likely to provide

more information about whether the improvement in PFS leads to any change in OS in this subgroup of women with EOC. More

research is needed to determine whether PARP inhibitors have any role to play in platinum-resistant disease.

P L A I N L A N G U A G E S U M M A R Y

Do PARP inhibitors improve survival in women with ovarian cancer and what are the side effects?

Background

Conventional chemotherapy drugs act on dividing cells by damaging cell DNA. As cancer cells divide very rapidly, these drugs affect

cancer cells to a greater degree than normal cells. Being able to repair DNA is vital to cell survival and normal cells have more than

one DNA repair systems. However, cancer cells often have defects in these repair pathways that makes them harder for them to repair

themselves. PARP inhibitors are a new type of medication that works by preventing cancer cells from repairing their DNA once they

have been damaged by chemotherapy.

Review question

Do PARP inhibitors improve survival in women with epithelial ovarian cancer and what are the side effects?

Main results

We searched the literature from 1990 to April 2015 and found four randomised trials of PARP inhibitors versus other treatments or

placebo. We also found four ongoing studies. The four completed studies included 599 women with recurrent epithelial ovarian cancer;

three included women with platinum-sensitive disease (return of disease more than 12 months since last chemotherapy treatment), and

one included women with platinum-resistant and partially platinum-sensitive disease (return of disease less than six months or six to 12

months since last chemotherapy treatment). Three studies all tested a PARP inhibitor known as olaparib and one study with only 75

patients tested veliparib. On average, when added to conventional treatment, olaparib slowed the progression of disease in women with

platinum-sensitive disease compared with placebo or no added treatment, but did not alter the time that patients survived, although

there were relatively few women in the studies and larger studies may change this outcome. Adverse events of any severity were common

in both the PARP inhibitor group and the control group. However, serious adverse events were more common in the olaparib group

than the control group when given as maintenance treatment after a course of chemotherapy. The most common serious adverse events

were anaemia and fatigue. Data for veliparib were limited, due to the small number of women included, so we were unable to show

if it had any effect on the progression of the disease. Veliparib had few severe side effects, but again the numbers were too small for

meaningful conclusions.

Quality of the evidence

The evidence is of moderate quality for studies looking at the affects of olaparib and estimates of effect may change with further research.

There was low quality evidence for veliparb and we are very uncertain about the effects of the treatment.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

PARP inhibitors compared with other monotherapy drugs for recurrent ovarian cancer

Patient or population: women with recurrent plat inum-resistant or part ially plat inum-sensit ive ovarian cancer

Settings: specialist hospital

Intervention: PARP inhibitor

Comparison: other monotherapy (PLD)

Outcomes Illustrative comparative risks Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Overall survival Due to the way HRs are calculated, the as-

sumed and corresponding risks were not es-

t imated

HR 0.82 (80% CI 0.52 to

1.31)

97

(1)

⊕©©©

very low

Downgraded due to

sparseness of data and

80% CIs

Progression- free sur-

vival

Due to the way HRs are calculated, the as-

sumed and corresponding risks were not es-

t imated

HR 0.88 (0.51 to 1.52) 97

(1)

⊕⊕©©

low

Downgraded due to

sparseness of data

CI: conf idence interval; RR: risk rat io; HR: hazard rat io; PLD: pegylated liposomal doxorubicin; OLA: olaparib

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.
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B A C K G R O U N D

This is an updated version of a review first published in 2010 in

the Cochrane Database of Systematic Reviews (Issue 6), which had

no included studies.

Description of the condition

In 2012, world-wide, 238,719 women were diagnosed with ep-

ithelial ovarian cancer (EOC) and 151,905 died from the disease,

corresponding to an annual incidence of 6.1 cases per 100,000

women, an annual mortality rate of 4.3 deaths per 100,000 and a

cumulative lifetime risk of 0.5% (GLOBOCAN 2012). In terms

of incidence, it is the sixth most common cancer and it is the sev-

enth most common cause of cancer death in women. The onset is

often insidious; the symptoms are vague and may mimic other con-

ditions. This may lead to a delay in diagnosis and currently three-

quarters of women with EOC are diagnosed when the disease has

spread throughout the abdomen (stage III or IV) (Shepherd 1989),

when the five-year survival is 20% to 30% (Jemal 2008). EOC

accounts for 90% of all ovarian cancers and typically presents in

post-menopausal women, with a peak incidence when women are

in their early sixties, although it does occur in younger women,

often associated with genetic predispositions (Quinn 2001). More

recent data suggest that the origin of EOC may often be the lin-

ing of the fallopian tubes. Intra-epithelial precursor lesions (so-

called serous tubal intra-epithelial carcinoma or STIC) are com-

monly found in the fimbrial ends of fallopian tubes removed from

women at high risk of developing EOC due to BRCA-mutations

(Erickson 2013). These STIC lesions are microscopic and may

explain why EOC is difficult to identify at an early stage, since it

has immediate access to the abdominal cavity and often does not

typically arise from an ovarian cyst, which could be seen on an

ultrasound scan.

Description of the intervention

Management of advanced EOC consists of a combination of de-

bulking surgery and platinum-based chemotherapy, with or with-

out the addition of a taxane (Morrison 2012; Stewart 1999). A

randomised controlled trial (RCT) found that there was no differ-

ence in survival in women with disease not amenable to surgery to

remove all visible (macroscopic) disease, if surgery were performed

before or after the first three cycles of chemotherapy (Vergote

2008). However, despite good initial responses to platinum agents

and taxanes, most women have disease relapse, require further

treatment with chemotherapy, and eventually develop resistance

to conventional chemotherapeutic agents.

Conventional chemotherapeutic agents have activity on all rapidly

dividing cells, hence the common side effects such as bone marrow

suppression and mucositis. Increasing knowledge of the genetic

basis for cancer has led to the development of novel reagents, which

target cancer-specific pathways. It is hoped that these reagents will

spare normal cells and reduce the toxic side effects of chemother-

apy, in addition to having an enhanced therapeutic effect.

How the intervention might work

DNA repair inhibition

Many current therapies for cancer (e.g. cytotoxic chemotherapy

and radiotherapy) work by damaging DNA. As this function is

fundamental to cell survival there are a number of systems or

pathways of DNA repair. Cancer cells are more susceptible to DNA

damage than normal cells, because the multiple mutations that

have caused cells to become cancerous often affect one or more of

these DNA repair pathways.

A number of drugs have been developed, which take advantage of

this susceptibility of cancer cells to DNA damage. They work by

inhibiting some, but not all, DNA repair pathways. In normal cells

other DNA-repair pathways will compensate. However, cancer

cells often have mutations in other DNA-repair pathways and so

DNA damage is not repaired, leading to cell death.

Small-molecule agents have been identified, which target elements

in a number of these pathways, including poly (ADP-ribose) poly-

merase (PARP), DNA-dependent protein kinase (DNA-PK) and

ATM (Bryant 2006). Of these DNA-repair inhibitors, PARP in-

hibitors have been most commonly used as anticancer therapy.

PARP inhibitors

PARP inhibitors are a family of related enzymes, which are in-

volved in regulating various cellular processes, including DNA re-

pair, cell death and inflammation. PARP inhibitors therefore have

a potentially wide range of applications (Jagtap 2005).

PARP-1 is the most-studied of the PARP family. It is a nuclear

enzyme, which binds to both single-stranded and double-stranded

DNA breaks, either facilitating their repair by other enzymes (in

the case of mild damage), or triggering cell-death pathways (in

the case of more severe damage) (Curtin 2005; Peralta-Leal 2008;

Ratnam 2007).

Research into the anticancer applications of PARP inhibitors has

focused on two main approaches:

Firstly, they can be used in isolation in certain cancers with signif-

icant mutations in their DNA-repair pathways: specifically, those

with mutations in the BRCA 1/2 genes (which predispose to in-

herited forms of breast cancer and some ovarian cancers) (Zaremba

2007). BRCA genes encode for DNA repair enzymes that function

independently of the PARP pathway. Cells with BRCA mutations

are very susceptible to PARP inhibitors, because both pathways

to repair DNA are blocked and so this triggers cell cycle arrest

and apoptosis specifically within cells that have the BRCA muta-

tion (Bryant 2005; Farmer 2005). PARP-1 inhibitors have been
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shown to be effective, when used alone in cell culture or in mouse

models, at killing cells with mutations in the BRCA1 and BRCA2

genes (Bryant 2005; Farmer 2005), and have been used in clinical

trials for breast cancer (Fong 2008). BRCA germline (inherited)

mutations pre-dispose women to develop ovarian cancer. In addi-

tion, many ovarian cancers, in women who do not have germline

BRCA mutations, have developed mutations in the BRCA genes

within the tumour - called somatic mutations (Hennessy 2010).

’BRCAness’ is when ovarian cancers in women who do not have

known BRCA mutations behave similarly to BRCA-mutated ovar-

ian cancer (Turner 2004). Ovarian cancers with BRCAness have

high-grade serous histology, respond well to platinum-based che-

motherapy and tend to take a relatively long time for disease to

relapse (better progression-free survival). Both somatic BRCA mu-

tation and BRCAness may increase the number of women who

may benefit from PARP inhibitors.

Secondly, PARP inhibitors can be used in combination with con-

ventional anticancer agents that act by damaging DNA, such as

cytotoxic chemotherapy and radiotherapy, as the PARP inhibitors

block the DNA-repair mechanisms that cancer cells use to resist

destruction.

Why it is important to do this review

Novel biological agents that work in different ways to conventional

chemotherapy have been developed. It is therefore important to

establish whether the addition of these new drugs to conventional

chemotherapy regimens is beneficial, in terms of survival and, if so,

at what cost, in terms of additional harmful effects. Furthermore,

since these compounds may be less toxic compared to conventional

chemotherapy agents, it may be feasible to use these new agents

in patients who are not currently taking chemotherapy (so called

maintenance treatment), to reduce the chance of, or delay, the

recurrence of their EOC.

O B J E C T I V E S

To determine the benefits and risks of PARP inhibitors for the

treatment of epithelial ovarian cancer (EOC).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs).

Types of participants

Women ≥ 18 years old with histologically proven EOC of any

stage. We excluded women with other concurrent malignancies.

Types of interventions

• DNA-repair pathway inhibitors versus no treatment

• DNA-repair pathway inhibitors + conventional

chemotherapy versus conventional chemotherapy

• DNA-repair pathway inhibitors versus conventional

chemotherapy

Types of outcome measures

Primary outcomes

• Overall survival (OS)

Secondary outcomes

• Progression-free survival (PFS)

• Objective Response Rate (ORR)

• Quality of life, measured by a validated scale, e.g. QLQ-

C30

• Adverse events: we grouped grades of toxicity (CTEP 2009)

as follows:

◦ haematological (leucopenia, anaemia,

thrombocytopenia, neutropenia, haemorrhage)

◦ gastrointestinal (nausea, vomiting, anorexia, diarrhoea,

liver, proctitis)

◦ genitourinary

◦ skin (stomatitis, mucositis, alopecia, allergy)

◦ neurological (peripheral and central)

◦ other side effects not categorised above

Search methods for identification of studies

We sought papers in all languages and carried out translations

where necessary.

Electronic searches

See: Cochrane Gynaecological Cancer Group methods used in re-

views.

We searched the following electronic databases:

• Cochrane Gynaecological Cancer Group Trial Register;

• Cochrane Central Register of Controlled Trials

(CENTRAL 2015, Issue 3);

• MEDLINE (1990 up to May week 2, 2015);

• EMBASE (1990 up to 2015, week 16).

The CENTRAL, MEDLINE and EMBASE search strategies,

based on terms related to the review topic, are presented in
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Appendix 1, Appendix 2 and Appendix 3. We searched the

databases from 1990 until April 2015.

We identified all relevant articles found on PubMed using the

’related articles’ feature and carried out further searches for newly

published articles.

Searching other resources

We searched Physician Data Query, www.controlled-trials.com/

rct, www.clinicaltrials.gov, www.cancer.gov/clinicaltrials and the

National Research Register (NRR) for ongoing trials. We also

sought details of ongoing or unpublished trials from the Food

and Drug Administration (FDA) (www.fda.gov) and the Euro-

pean Medicines Agency (EMA) (www.ema.europa.eu), and from

pharmaceutical company sources. We contacted the main inves-

tigators of the relevant ongoing trials for further information, as

well as the major co-operative trials groups active in this area. We

identified AstraZeneca as the company responsible for ongoing

studies and contacted them for preliminary data for these studies.

We searched the reference lists of all included trials for further

relevant trials.

Data collection and analysis

Selection of studies

We downloaded all titles and abstracts retrieved by electronic

searching to the reference management database, Endnote 2012,

and removed duplicates where possible. At least two review authors

(IM, KH in the initial version of the review and a combination of

AW, GC, JM and TL for the updated review) independently ex-

amined the remaining references. We excluded those studies that

clearly did not meet the inclusion criteria, and obtained copies of

the full text of potentially relevant references. At least two review

authors (IM, KH for initial review and a combination of AW, GC,

JM and TL for the update) independently assessed the eligibility

of retrieved papers. We documented reasons for exclusion.

Data extraction and management

For included studies, we abstracted data as follows:

• Author, year of publication and journal citation (including

language)

• Country

• Setting

• Inclusion and exclusion criteria

• Study design, methodology

• Study population

◦ Total number enrolled

◦ Patient characteristics

◦ Age

◦ Co-morbidities

◦ Previous treatment

• Total study duration

• Total number of intervention groups

• Ovarian cancer details at diagnosis

◦ FIGO stage

◦ Histological cell type

◦ Tumour grade

◦ Extent of disease

• Intervention details

◦ Type of DNA-repair pathway inhibitor

◦ Dose

◦ Duration of treatment

◦ Consolidation treatment or treatment of active disease

• Comparison details

◦ Type of control: conventional chemotherapy or no

treatment

◦ Dose (if appropriate)

◦ Duration (if appropriate)

• Deviations from protocol

• Risk of bias in study (see below)

• Duration of follow-up

• Outcomes: overall survival, progression-free survival,

quality of life, toxicity:

◦ for each outcome: outcome definition (with diagnostic

criteria if relevant);

◦ unit of measurement (if relevant);

◦ for scales: upper and lower limits, and whether high or

low score is good;

◦ results: number of participants allocated to each

intervention group;

◦ for each outcome of interest: sample size; missing

participants.

We extracted data on outcomes as below:

• For time to event (overall and progression-free survival)

data, we extracted the log of the hazard ratio (log(HR)) and its

standard error from trial reports; if these were not reported, we

attempted to estimate them from other reported statistics using

the methods of Parmar 1998.

• For dichotomous outcomes (e.g. toxicity or deaths if it was

not possible to use a HR), we extracted the number of patients in

each treatment arm who experienced the outcome of interest and

the number of patients assessed at endpoint, in order to estimate

a risk ratio (RR).

• For continuous outcomes (e.g. quality of life measures), we

extracted the final value and standard deviation of the outcome of

interest and the number of patients assessed at endpoint in each

treatment arm at the end of follow-up, in order to estimate the

mean difference (if trials measured outcomes on the same scale)

or standardised mean difference (if trials measured outcomes on

different scales) between treatment arms and its standard error.

We extracted both unadjusted and adjusted statistics, if reported.
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When we extracted adjusted results, we recorded the variables that

were adjusted for.

Where possible, all data extracted were relevant to an intention-

to-treat analysis, in which participants were analysed in the groups

to which they were assigned.

We noted the time points at which outcomes were collected and

reported.

At least two review authors (GC, AW and JM) independently

extracted data onto a data extraction form specially designed for

the review. We resolved differences between review authors by

discussion or by appeal to a third review author (TL) if necessary.

Assessment of risk of bias in included studies

We assessed the risk of bias in included RCTs using The Cochrane

Collaboration’s tool and the criteria specified in Chapter 8 of the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011). This included assessment of:

• sequence generation;

• allocation concealment;

• blinding (of participants, healthcare providers and outcome

assessors);

• incomplete outcome data:

◦ we coded the satisfactory level of loss to follow-up for

each outcome as:

⋄ yes, if fewer than 20% of patients were lost to

follow-up and reasons for loss to follow-up were similar in both

treatment arms;

⋄ no, if more than 20% of patients were lost to

follow-up or reasons for loss to follow-up differed between

treatment arms;

⋄ unclear if loss to follow-up was not reported.

• selective reporting of outcomes;

• other possible sources of bias.

Two review authors (GC, AW) independently applied the risk of

bias tool and resolved differences by discussion or by appeal to a

third review author (JM). We summarised results in both a ’Risk

of bias’ graph and a ’Risk of bias’ summary. We interpreted the

results of meta-analyses in the light of the findings with respect to

risk of bias.

Measures of treatment effect

We used the following measures of the effect of treatment:

• For time to event data, we used the HR, if possible.

• For dichotomous outcomes, we used the risk ratio (RR).

• For continuous outcomes, we used the mean difference

(MD) between treatment arms if all trials measured the outcome

on the same scale, otherwise we used standardised mean

differences (SMD).

Dealing with missing data

We did not impute missing outcome data; if only imputed out-

come data were reported, we contacted trial authors to request

data on the outcomes only among participants who were assessed.

Assessment of heterogeneity

We assessed heterogeneity between studies by visual inspection

of forest plots, by estimation of the percentage of heterogeneity

between trials which cannot be ascribed to sampling variation

(Higgins 2003), and by a formal statistical test of the significance

of the heterogeneity (Deeks 2001). If there was evidence of sub-

stantial heterogeneity, we investigated and reported the possible

reasons for this.

Assessment of reporting biases

We did not produce funnel plots corresponding to meta-analysis

due to the limited number of included studies. In future versions

of this review, we will examine funnel plots for meta-analysis of

the primary outcome to assess the potential for small-study effects.

When there is evidence of small-study effects, we will consider

publication bias as only one of a number of possible explanations. If

these plots suggest that treatment effects may not be sampled from

a symmetric distribution, as assumed by the random-effects model,

we will perform sensitivity analyses using fixed-effect models.

Data synthesis

When sufficient clinically similar trials were available we pooled

their results in meta-analyses.

• For time-to-event data, we pooled HRs using the generic

inverse variance facility of RevMan 5.3 (RevMan 2014).

• For dichotomous outcomes, we calculated the RR for each

study and pooled these.

• No continuous data were synthesised for this review. In

future versions of this review, for continuous outcomes (e.g.

quality of life) we will pool the mean differences between the

treatment arms at the end of follow-up if all trials measured the

outcome on the same scale, otherwise we will pool standardised

mean differences.

We used random-effects models with inverse variance weighting

for all meta-analyses (DerSimonian 1986).

Subgroup analysis and investigation of heterogeneity

As we expected to find only a few trials, we did not plan initially

any subgroup analyses. However, we considered factors such as

type of intervention (e.g. use as early-stage consolidation ther-

apy in chemo-sensitive cancers or use in late-stage chemo-resistant

cancers) and stage of disease in the interpretation of any hetero-

geneity. Data so far suggest that responses depend on platinum-

sensitivity, BRCA-mutation status or BRCAness of the tumour.
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In future updates we will also perform subgroup analysis based on

platinum-sensitivity and BRCA-mutation status.

Sensitivity analysis

There were too few studies to perform sensitivity analysis. In future

versions of the review we will perform sensitivity analysis excluding

(i) studies at high risk of bias, and (ii) unadjusted results.

R E S U L T S

Description of studies

See Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

Results of the search

In 2009, we ran an initial broad search that yielded 473 unique ref-

erences after deletion of duplicates. Updated searches conducted

in October 2013 and May 2014 yielded a further 1062 and136

references respectively, resulting in a total of 1671 references from

the combined searches. Two review authors (a combination of

AW, GC, JM, TL) independently reviewed the abstracts and we

excluded articles that obviously did not meet the inclusion cri-

teria. The original review identified 14 articles and the updated

searches identified an additional 10 articles, which we retrieved in

full and translated into English where appropriate. The full-text

screening excluded 17 trials for the reasons described in the table

Characteristics of excluded studies. Four individual studies (com-

prising seven citations) met the inclusion criteria. Two ongoing

studies in the original review (Assessment of AZD2281a; ICE-

BERG 3a) from the clinical trials databases were versions of studies

that are now included in the updated review (see Characteristics

of included studies). For the PRISMA flowchart see Figure 1.
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Figure 1. Study flow diagram.

9Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Searches of clinical trials registries and discussion with reviewers

and the National Institute for Clinical Effectiveness Technology

Appraisal scoping meeting participants had identified five addi-

tional ongoing relevant studies, although we excluded one on fur-

ther investigation (total 18 records excluded at this stage), as it is an

open-label, non-randomised trial (see Characteristics of ongoing

studies and NCT01891344).

The updated search in April 2015, just prior to publication, found

an additional 238 references (making 1909 in total), but did not

identify any new studies. Seventeen were retrieved in full text.

Five of these were excluded (see Excluded studies). Of the other

12 references: one reference was to the published version of a

study to which we had been given data pending publication (Oza

2015); six references were additional references to included studies

(Ledermann 2012; Kummar 2015) and another five references

were abstracts presented at meetings of previously identified on-

going studies (NCT01844986; NCT01847274; NCT01874353;

NCT01968213)

Therefore, we included four studies in total (comprising 14 ref-

erences), excluded 22 studies (23 references) and classified four

studies (nine references) as ongoing.

Included studies

Four studies met our inclusion criteria (Kaye 2012; Kummar 2015;

Ledermann 2012; Oza 2015), although data from only two studies

had been published in peer-reviewed journals at the time of the

initial search and data extraction (Kaye 2012; Ledermann 2012).

Kummar 2015 was initially only published in abstract form; this

trial was discontinued early. Limited outcome data for Oza 2015

were published on a clinical trial registry website and at two recent

conferences. However, final results were provided by the authors

prior to publication of the study. Attempts to obtain additional

data/clarification from the investigators of Kummar 2015 were

met with limited success, since the authors were reluctant to release

further data until their study was published and data were updated

just prior to submission of this review. See Characteristics of

included studies for further details.

PARP inhibitor versus conventional chemotherapy

One study was included in this comparison. Kaye 2012 compared

olaparib to pegylated liposomal doxorubicin (PLD). Ninety-seven

women with EOC who had relapsed within 12 months of plat-

inum-based chemotherapy (i.e. platinum-resistant and partially

platinum-sensitive disease) were randomised to one of three treat-

ment arms (olaparib 200 mg, olaparib 400 mg, PLD 50 mg) in a ra-

tio of 1:1:1. There were 32, 32 and 33 women in each arm, respec-

tively. All included women had BRCA mutations; approximately

80% in each group had BRCA1 mutations, although the rate was

slightly higher in the olaparib 400 mg group (see Characteristics

of included studies). Approximately 50% of women in each group

had relapsed within six months of platinum-based chemotherapy

(platinum-resistant disease). All women had measurable disease

according to Response Evaluation Criteria in Solid Tumours (RE-

CIST).

PARP inhibitor versus placebo (as maintenance)

One study was included in this comparison. Ledermann 2012

compared olaparib with placebo as maintenance therapy in women

with platinum-sensitive EOC (relapse after six months of previous

platinum-based chemotherapy). The study enrolled 265 women

(136 received olaparib, 129 received placebo, although one woman

in the placebo group withdrew consent prior to treatment and

evaluations excluded this (non)participant). Participants were re-

quired to have received two previous courses of platinum-based

chemotherapy, the most recent of which was to have induced an

objective response. All women had normal Ca125 levels and 40%

had measurable disease by RECIST. BRCA testing was not manda-

tory and known BRCA mutation status was similar in the two

groups (around 22%), as were other associated factors, e.g. Jewish

ancestry.

PARP inhibitor plus conventional chemotherapy versus

conventional chemotherapy alone

Two studies were included in this comparison (Kummar 2015; Oza

2015). Oza 2015 compared olaparib with platinum-based chemo-

therapy versus platinum-based chemotherapy alone in 162 women

with platinum-sensitive recurrent serous EOC. BRCA mutation

status and BRCA testing was not mandatory, however, 41/107

tested (38%) had BRCA mutations. Randomisation was stratified

according to platinum sensitivity. Study interventions comprised

olaparib (200 mg bd for 10 days) or placebo added to each con-

ventional platinum-based chemotherapy cycle and then continued

as monotherapy maintenance (400 mg bd continuous) thereafter.

Of 162 women randomised, 156 received treatment (81 olaparib

versus 75 placebo) and, of these, 121 began the maintenance/no

further therapy phase (66 olaparib versus 55 no maintenance).

Kummar 2015 compared veliparib with cyclophosphamide versus

cyclophosphamide alone. Data from Kummar 2015 are limited

and we were unsuccessful in obtaining significant additional data

or clarification from the investigators. The study was closed early

due to poor responses observed at interim analysis, when only

half the participants had been accrued. The final results of this

trial were published after the search date of the review. In total

75 women were recruited (37 cyclophosphamide plus veliparib

and 38 cyclophosphamide) and there was no difference in PFS

or response rates between the two groups (PFS hazard ratio 1.02,

95% confidence interval 0.69 to 1.50).

10Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Excluded studies

We excluded 23 references after obtaining the full text, for the

following reasons:

• Four references were non-randomised, single-arm, phase I

studies of one PARP inhibitor (AZD2281) (Fong 2006; Fong

2008; Fong 2009; Yap 2007);

• Ten references were narrative review articles and did not

include any other study that met our inclusion criteria (Ashworth

2008; Banerjee 2013; Chen 2013; Drew 2008; Helleday 2008;

Lord 2008; Muggia 2009; Shaw 2013; Turner 2005; Yap 2009);

• Five references were non-randomised, phase II cohort

studies of PARP inhibitors (Audeh 2009; Audeh 2010; Coleman

2014; Gelmon 2011; NCT01891344);

• Two references (Lui 2014) were to an RCT comparing

Olaparib plus or minus Cediranib (no randomisation for

Olaparib);

• One reference (Moore 2014) was an abstract about an on-

going study, but aimed to analyse effects of diet on

pharmacokinetics;

• One reference was to a biomarker analysis in an excluded

RCT (Lee 2014 analysing results from RCT by Lui 2014).

Risk of bias in included studies

We included four studies and evaluated them for risk of bias.

We considered three studies to be at a low (Ledermann 2012) to

moderate (Kaye 2012; Oza 2015) risk of bias (risk mainly due to

lack of blinding). We considered one study to be at a high risk of

bias as it closed early and remains unpublished (Kummar 2015).

This study could not be included in any meta-analyses due to

insufficient data. See Figure 2.

11Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 2. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included

study.
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Effects of interventions

See: Summary of findings for the main comparison Summary of

findings: PARP inhibitors versus other monotherapy; Summary

of findings 2 Summary of findings: PARP inhibitors added to

conventional chemotherapy versus no added treatment; Summary

of findings 3 Summary of findings: Adverse Events

Overall survival (OS)

The included studies were not powered for OS, however there were

no differences between PARP inhibitors and any of the control

groups in any of the studies individually (Analysis 1.1). Similarly,

there was no significant difference in OS when we pooled data

from the two studies that included participants with platinum-

sensitive disease (HR 1.05, 95% CI 0.79 to 1.39; 426 participants;

I² = 0%; Analysis 1.2). This evidence is of moderate quality and

estimates of effect might change with further research.

Progression-free survival (PFS)

One study contributed to the subgroup PARP inhibitors versus

other monotherapy (97 participants) (Kaye 2012). In this study,

PARP inhibitors (olaparib) resulted in similar PFS compared with

pegylated liposomal doxorubicin (PLD) monotherapy in women

with platinum-resistant and partially platinum-sensitive disease

(hazard ratio (HR) 0.88, 95% confidence interval (CI) 0.51 to

1.53; Analysis 1.3). Overall, median PFS was 8.8 months in the

olaparib (400 mg) arm (95% CI 5.4 to 9.2 months) and 7.1

months (95% CI 3.7 to 10.7 months) in the PLD arm.

PARP inhibitors improved PFS when added to conventional treat-

ment in women with platinum-sensitive disease (one study, Oza

2015, 162 participants), and when used as additional maintenance

treatment in women with platinum-sensitive disease compared

with placebo (one study, Ledermann 2012, 264 participants (not

including one woman in the placebo group who withdrew consent

to the study prior to commencing treatment and for whom no fol-

low-up data were available)) (Analysis 1.3). Combining data from

the latter studies gave an average HR of 0.42 (95% CI 0.29 to

0.60; 426 participants; I² = 49%; Analysis 1.4). Heterogeneity in

this analysis was probably due to differences in the types of partic-

ipants; women in Ledermann 2012 were required to have received

and responded to at least two platinum-based chemotherapy reg-

imens, whereas most women in Oza 2015 had received only one

previous platinum-based regimen and maintenance treatment was

administered to women irrespective of response. Median PFS was

8.4 months in the PARP inhibitor group and 4.8 months in the

placebo group in Ledermann 2012, whereas in Oza 2015, median

PFS was 12.2 months and 9.6 months for PARP inhibitor and

placebo groups, respectively. This evidence is of moderate quality

and estimates of effect might change with further research. Data

from Oza 2015 of 41 patients with BRCA mutations (20 in the

olaparib group and 21 in the control group) suggest that olaparib

had the greatest benefit in this subgroup of patients (HR 0.21,

95% CI 0.08 to 0.55).

There was no difference in PFS for cyclophosphamide plus veli-

parib compared to or cyclophosphamide alone (2.1 months com-

pared to 2.3 months; HR 1.02, 95% CI 0.69 to 1.50) (Kummar

2015).

Objective response rate (ORR)

Not all women had Response Evaluation Criteria in Solid Tumours

(RECIST) evaluable disease in these studies. In Ledermann 2012

(40% evaluable), the ORR was 12% (7/57 women in the olaparib

group) versus 4% (2/48 women in the placebo group). In Kaye

2012 (100% evaluable), the ORR was 28% (18/64) versus 18%

(6/33) for the olaparib and placebo groups, respectively. In Oza

2015 (100% evaluable), complete ORR was 10% (8/81) versus

7% (6/81), respectively. Overall, there was a small difference in

ORR when we pooled data for non-response from the four studies

(Analysis 1.5: RR 0.90, 95% CI 0.82 to 0.99; I2 = 0%).

Adverse events

There were no differences in gastrointestinal and haematologi-

cal serious adverse events between the experimental and control

groups (Analysis 1.6). Palmar-plantar erythrodysesthesia was more

common in the PLD arm of Kaye 2012 (0/64 versus 12/32 women

affected). However, combining adverse event data from Oza 2015

and Ledermann 2012 during the maintenance phases resulted in a

trend towards more adverse events in the olaparib group compared

with controls, and fatigue of any grade was more common (two

studies, 385 participants; RR 1.35, 95% CI 1.02 to 1.78; Analysis

1.7). In addition, there was an increase in the risk of anaemia in

the maintenance phase, with more women in the olaparib group

experiencing grade 3/4 events (RR 5.26, 95% CI 1.19 to 23.20;

Analysis 1.8). There was no difference in adverse events of any

grade (Analysis 1.9), reflecting the high level of mild symptoms

in women with advanced ovarian cancer. However, when serious

adverse events (grade 3/4) were considered, these were more com-

mon in the olaparib maintenance arm (RR 1.74, 95% CI 1.22 to

2.49; Analysis 1.10).

Quality of life

Quality of life was reported as not different between treatment

groups in Ledermann 2012 and Kaye 2012 (using FACT-O and

Trial Outcome Index), however meta-analysis was not possible due

to insufficient data. Quality of life was not assessed in Oza 2015.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

PARP inhibitors in addition to conventional chemotherapy and/ or as maintenance treatment for platinum-sensitive ovarian cancer

Patient or population: women with recurrent plat inum sensit ive ovarian cancer

Settings: specialist hospital

Intervention: PARP inhibitor added to convent ional chemotherapy

Comparison: placebo or no addit ional treatment

Outcomes Illustrative comparative risks Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Overall survival Due to the way HRs are calculated, the as-

sumed and corresponding risks were not es-

t imated

HR 1.05 (0.79 to 1.39) 426

(2)

⊕⊕⊕©

moderate

Downgraded due to im-

precision

Progression- free sur-

vival

Due to the way HRs are calculated, the as-

sumed and corresponding risks were not es-

t imated

HR 0.42 (0.29 to 0.60) 426

(2)

⊕⊕⊕©

moderate

Downgraded due to clin-

ical heterogeneity

CI: conf idence interval; RR: risk rat io; HR: hazard rat io; OS: overall survival; PFS: progression-f ree survival

The assumed risk was based on the mean control group risk across included studies

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.
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PARP inhibitors versus other treatments or placebo for ovarian cancer

Patient or population: women with recurrent ovarian cancer

Settings: specialist hospital

Intervention: PARP inhibitor

Comparison: Other treatment or placebo

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Severe adverse events

- Nausea (G3-4)

20 per 1000 25 per 1000

(7 to 92)

RR 1.23 (0.33 to 4.60) 592 (4) ⊕⊕⊕©

moderate

Downgraded due to im-

precision

Severe adverse events

- Neutropenia (G3-4)

270 per 1000 159 per 1000

(24 to 1000)

RR 0.59 (0.09 to 3.98) 220

(2)

⊕⊕©©

low

Downgraded due to het-

erogeneity and impreci-

sion

Severe adverse events

- Anaemia (G3-4)

10 per 1000 22 per 1000

(9 to 52)

RR 2.15 (0.89 to 5.21) 592 (4) ⊕⊕⊕©

moderate

Downgraded due to im-

precision

Adverse events dur-

ing maintenance treat-

ment only (grade 3/ 4) -

Nausea

0 per 1000 20 per 10001 RR 4.21 (0.48 to 36.69) 385 (2) ⊕⊕⊕©

moderate

Downgraded due to im-

precision

Adverse events dur-

ing maintenance treat-

ment only (grade 3/ 4) -

Fatigue

20 per 1000 42 per 1000

(13 to 134)

RR 2.12 (0.67 to 6.71) 385 (2) ⊕⊕⊕©

moderate

Downgraded due to im-

precision

Adverse events dur-

ing maintenance treat-

ment only (grade 3/ 4) -

Anaemia

10 per 1000 53 per 1000

(12 to 230)

RR 5.26 (1.19 to 23.20) 385 (2) ⊕⊕⊕©

moderate

Downgraded due to im-

precision
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Any severe adverse

event during mainte-

nance treatment

180 per 1000 310 per 1000

(220 to 450)

RR 1.74 (1.22 to 2.49) 385

(2)

⊕⊕⊕⊕

high

* The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the

comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: Conf idence interval; RR: Risk Ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Based on the mean experimental group risk across included studies (due to no events in the control group)
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D I S C U S S I O N

Summary of main results

Four studies included 599 women with epithelial ovarian can-

cer (EOC). One study compared olaparib to pegylated liposomal

doxorubicin (PLD) in women with BRCA mutations and plat-

inum-resistant or partially platinum-sensitive disease (Kaye 2012).

In this study there was no difference in progression-free survival

(PFS) between olaparib and PLD (Summary of findings for the

main comparison), although PFS was longer than expected from

historical controls, indicating a survival advantage with both PLD

and olaparib in BRCA-mutation carriers.

Ledermann 2012 and Oza 2015 recruited women with platinum-

sensitive disease, and found an improvement in PFS when olaparib

(alongside conventional treatment and/or when used as mainte-

nance treatment) was compared to a placebo or no further treat-

ment. This improvement was statistically significant for the indi-

vidual studies and when combined in meta-analysis (hazard ratio

(HR) 0.42, 95% confidence interval (CI) 0.29 to 0.60; I² = 49%)

(Summary of findings 2). We attributed heterogeneity in this anal-

ysis to differences in the types of participants involved in these two

studies. There was no difference between olaparib and placebo/

control arms with regard to overall survival (OS), although the

studies were not powered to detect differences in OS, so further

data might change this outcome.

Compared with PLD, olaparib had an improved toxicity profile

due to lack of palmar-plantar erythrodysesthesia, which is a known

side effect of PLD. Olaparib was associated with a greater risk of

severe adverse events (mainly anaemia and fatigue) when given as

maintenance treatment.

Overall completeness and applicability of
evidence

The review evidence relates primarily to one PARP inhibitor, ola-

parib. Data regarding veliparib were limited (Kummar 2015), and

it is not known whether our findings would apply to this or other

new PARP inhibitors, e.g. niraparib and rucaparib, which are cur-

rently undergoing evaluation in clinical trials.

In addition, the population for whom PARP inhibitors are most

effective has yet to be fully evaluated and it is possible that only a

small subset of women may benefit from PARP inhibitors. PARP

inhibitors appear to have a better effect in women with platinum-

sensitive disease and ongoing clinical trials are focusing on women

undergoing first-line treatment or with platinum-sensitive disease

who have responded to platinum agents in their most recent course

of chemotherapy. Platinum sensitivity is more common in women

with germline BRCA mutations, and in those women whose tu-

mours have BRCA mutations. Defining exactly which patients

will benefit from PARP inhibitors is therefore a challenge and the

need for BRCA-mutation testing or testing for homologous re-

combination defects in tumours to define ’BRCA-ness’ will add

additional costs to treatment, unless BRCA-mutation testing be-

comes standard care for women with high-grade serous histolog-

ical subtype of EOC. This may be the case since approximately

16% of women with high-grade serous EOC (depending on pop-

ulation) have BRCA germline mutations (Risch 2001). This is

higher than the 10% risk in breast cancer families when BRCA-

testing should be considered, according to the National Institute

of Clinical Excellence (NICE) clinical guidelines for women with

a family history of breast cancer (NICE CG164). Participants in

the Kaye 2012 trial were restricted to those with BRCA mutations,

which may explain the longer survival of women in this study

compared with earlier PLD studies. BRCA-testing was not com-

pulsory in either Ledermann 2012 or Oza 2015, however, these

studies recruited women with platinum-sensitive disease, which

is associated with higher BRCA-mutation rates then the general

EOC population. Therefore, these results are currently only appli-

cable to the subgroup of women with BRCA-mutations or plat-

inum-sensitive EOC.

From the available data, it is not clear whether PARP inhibitors

only delay the onset of recurrent disease, or whether there is an OS

benefit for certain subgroups of women. OS endpoints are harder

to obtain, since they require longer for the data to mature. In ad-

dition, the effects of individual therapeutic agents can be obscured

due to the effects of other treatments, especially in EOC where

women often have multiple rounds (or lines) of treatment over

what can be several years. A more complete picture will emerge

with further randomised controlled trials (RCTs) to test their ef-

fectiveness and toxicity, and clinicians and eligible women are en-

couraged to seek out treatment within international RCTs to help

answer these questions.

Serious adverse events, which were more common in women re-

ceiving olaparib maintenance treatment, may have a significant

impact on quality of life. We were unable to evaluate quality of

life due to insufficient data and more evidence on this is needed.

Quality of the evidence

Three studies that contributed data appear to be well conducted

with pre-defined outcome criteria and robust randomisation sys-

tems. Data from the fourth study, relating to veliparib, were lim-

ited and at high risk of bias (Kummar 2015). However, all of the

studies were small, open-label phase II trials and potentially liable

to bias. Only one study contributed data to the evidence relating

to PARP inhibitor monotherapy in platinum-resistant and par-

tially platinum-sensitive disease and we graded this evidence as

very low to low quality (see Summary of findings for the main

comparison). With regard to platinum-sensitive disease, we graded

PFS outcomes as moderate quality due to inconsistency (clini-

cal heterogeneity) as per the GRADE criteria (see Summary of

findings 2) and we graded the quality of the evidence for OS and
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most serious adverse events as moderate, due to imprecision (see

Summary of findings 2). Ongoing, appropriately powered, phase

III, randomised and blinded studies will have an important im-

pact on our confidence in the estimates of effect and may change

the conclusions of this review in the future. We found no good

evidence on quality of life.

Potential biases in the review process

We are not aware of any biases in the review process. We conducted

this review using standard Cochrane methodology, which aims

to reduce bias through double sifting, double data extraction and

transparent grading of evidence. None of the authors have any

links to drug companies,a financial interest in the prescription of

chemotherapeutic agents, nor were they involved in the conduct

of any of the included studies.

Agreements and disagreements with other
studies or reviews

To date we have not identified any systematic reviews of PARP

inhibitors. One review article of PARP inhibitors in gynaecological

cancers, including epithelial ovarian cancer, did not identify any

additional studies (Reinbolt 2013), and did not include a meta-

analysis of the results.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Women with epithelial ovarian cancer (EOC) high-grade serous

and endometrial serotypes have a relatively high risk of germline

BRCA mutation and should be offered genetic screening, if cri-

teria recommended for breast cancer families are applied (NICE

CG164; Risch 2001). This is irrespective of whether PARP in-

hibitors are effective, since it has implications for patients and their

families.

These data suggest that there is likely to be a role for PARP in-

hibitors in the treatment of EOC. Progression-free survival (PFS)

appears to be improved in women with recurrent platinum-sen-

sitive disease. Limited data suggest that severe adverse effects are

uncommon. However, beneficial effects in terms of overall survival

(OS) have not been adequately demonstrated and more data are

required to determine whether longer PFS translates into an im-

proved (or reduced) OS for subgroups of women with this disease.

More data are expected from ongoing phase III clinical trials and

at present the use of PARP inhibitors should be encouraged within

these studies. However, the European Medicines Agency (EMA)

approved olaparib for “monotherapy for the maintenance treat-

ment of adult patients with platinum sensitive relapsed BRCA-

mutated (germline and/or somatic) high grade serous epithelial

ovarian, fallopian tube, or primary peritoneal cancer who are in re-

sponse (complete response or partial response) to platinum-based

chemotherapy” in 2014 (EMA 2014). This decision was based

on data supplied to the EMA by AstraZeneca. Unpublished data

were supplied by AstraZeneca for this review and so it is presumed

that the EMA recommendation was based on the results presented

here.

Implications for research

Olaparib has been recommended for maintenance treatment after

good clinical responses to platinum agents (EMA 2014). This is

prior to the publication of phase III studies and OS outcomes.

These women may be otherwise well and so it is important to col-

lect good quality of life and adverse event data in ongoing studies

to inform women in their risk/benefit decisions. Ongoing studies

are limited to women with platinum-sensitive/responsive disease,

either after first-line treatment or on recurrence, and those with

BRCA mutations, either germline or somatic, or likely to behave

as if they have BRCA mutations (BRCAness: high-grade serous

tumours with platinum sensitivity and response to a second-line

platinum agent). However, tumours also respond better to con-

ventional chemotherapy, so the challenge remains to improve out-

comes for women with poorer prognosis mutations.

Questions remain about how best to use PARP inhibitors, whether

to use them in combination with chemotherapy or as maintenance

alone and, if used in combination, which drugs to combine with

PARP inhibitors. Pre-clinical studies suggest that PARP inhibitors

may work well in combination with chemotherapeutic agents and

may sensitise cells to these agents, thereby delaying the onset

of drug resistance. Other possibilities for combination treatment

with PARP inhibitors include anti-angiogenic agents or in com-

bination with cyclophosphamide or weekly paclitaxel. Pre-clini-

cal data suggest that inhibiting vascular endothelial growth fac-

tor receptor (VEGFR) may lead to down-regulation of DNA-re-

pair activity by DNA-repair proteins, ERCC1 and XRCC1 (Yadav

2011). This may lead to increased DNA damage and, thereby,

increase susceptibility to the effects of PARP inhibition. Clinical

studies of PARP inhibitors in combination with chemotherapy

agents are ongoing. Future studies should include OS and quality

of life as important outcomes. In women with platinum-resistant

EOC objective responses to both PARP inhibitors and pegylated

liposomal doxorubicin (PLD) were demonstrated at higher levels

than previous studies of women with platinum-resistant EOC in

non-selected populations (Kaye 2012). PARP inhibitors in com-

bination with other chemotherapeutic agents could be tested in

this population, as well as women with platinum-sensitive-disease,

especially as PARP inhibitors appear to be relatively well tolerated,

which is important for women with poorer prognosis, where qual-
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ity of life issues are even more important.

One argument for using PFS as the primary endpoint in these

studies is that they included women with heavily pre-treated dis-

ease, who represent a very heterogenous population. PFS might be

a better test of current treatment than OS in this setting. However,

it would be important to include OS as a primary outcome mea-

sure in future studies, especially those including women at first

or second-line treatment. Many questions remain to be answered

regarding optimal drug combinations, scheduling and patient se-

lection for PARP inhibitors, although results so far offer promise.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Kaye 2012

Methods Phase II, open-label, randomised, multicentre study

Participants 97 women aged 18 years or older with histologically or cytologically confirmed recurrent

epithelial ovarian, primary peritoneal or fallopian tube carcinoma

Women had confirmed BRCA1/2 mutation (BRCA1 +ve: 81.3% (arm 1); 87.5% (arm

2); 81.8% (arm 3)

Recurrence within 12 months of most recent platinum-based chemotherapy regimen

(recurrence within 6 months - i.e. platinum-resistant disease: 56.3% (arm 1); 50.0%

(arm 2); 42.4% (arm 3)

Performance status (PS) 0 to 2; PS 0: 50.0% (arm 1); 59.4% (arm 2); 57.6% (arm 3)

Life expectancy > 16 weeks and one or more measurable lesions according to RECIST

No previous exposure to pegylated liposomal doxorubicin (PLD)

Mean age: 57.2 (arm 1); 53.8 (arm 2); 54.3 (arm 3)

Interventions Arm 1: Olaparib (OLA) 200 mg bd maintenance therapy

Arm 2: OLA 400 mg bd maintenance therapy

Arm 3: IV pegylated liposomal doxorubicin (PLD) 50 mg/m² every 28 days

Outcomes 97 women randomised; 32 women to (33%) OLA 200 mg, 32 women to (33%) OLA

400 mg, and 33 women to (34%) PLD

8 women who progressed on PLD crossed over from PLD to OLA 400 mg group

Survival and response outcomes

59 RECIST-defined progression events were documented (45/63 in arms 1 and 2 com-

bined and 14/28 in arm 3)

Median PFS times were 6.5 months (95% CI 5.5 to 10.1 months), 8.8 months (95%

CI 5.4 to 9.2 months) and 7.1 months (95% CI 3.7 to 10.7 months) for OLA 200 mg,

OLA 400 mg and PLD groups, respectively

There was no difference in PFS between OLA (combined or individual doses) and PLD

groups (HR 0.88, 95% CI 0.5 to 1.56; P value = 0.66 for arms 1 and 2 combined versus

arm 3). OLA 200 mg versus PLD (HR 0.91, 80% CI 0.60 to 1.39; 95% CI 0.48 to 1.

74; P value = 0.78); OLA 400 mg versus PLD (HR 0.86, 80% CI 0.56 to 1.30; 95%

CI 0.45 to 1.62; Pvalue = 0.63)

9, 11 and 13 deaths in arms 1, 2 and 3, respectively

Overall survival of PLD (arm 3) versus OLA 200 mg (arm 1 HR 0.66 (95% CI 0.27 to

1.55) and OLA 400 mg (arm 2 HR 1.01 (95% CI 0.44 to 2.27)

Combined response rates (i.e. RECIST and/or GCIG CA125) were 38%, 59% and 39%

in the OLA 200 mg, OLA 400 mg and PLD groups, respectively, with odds ratios of

OLA 200 mg = 0.98 (P value = 0.97), OLA 400 mg = 2.76 (P value = 0.05) and OLA

200 and 400 mg = 1.64 (P value = 0.27)

Quality of life and adverse events outcomes

There were no significant differences in improvement or worsening rates between the

OLA and PLD group for the FACT-O Symptom Index and Trial Outcome Index scores.

A higher improvement rate was noted for OLA 400 mg compared with PLD for the

24Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kaye 2012 (Continued)

total FACT-O score (odds ratio 7.23, 95% CI 1.09 to 143.3; P value = 0.039)

Adverse events:

Nausea: Grade 3 to 4: 3 (5%) versus 2 (6%) (Arms 1 and 2 versus Arm 3)

Fatigue: Grade 3 to 4: 4 (6%) versus 3(9%) (Arms 1 and 2 versus Arm 3)

Abdominal pain: Grade 3 to 4: 2 (3%) vs 2 (6%) (Arms 1 and 2 versus Arm 3)

Vomiting: Grade 3 to 4: 1 (2%) versus 1 (3%) (Arms 1 and 2 versus Arm 3)

Notes Same study as ICEBERG3 study identified as ongoing in initial version of review. Higher

response rates in PLD group compared to other studies attributed to high proportion with

BRCA mutation, as evidence from other studies that this improves response rate to PLD.

Clinical trial identifiers: ICEBERG 3; NCT00628251; D0810C00012; EUCTR2007-

007622-22- GB

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk ”randomisation assignment list was com-

puter-generated using the Global Ran-

domisation system (DRand)”

Allocation concealment (selection bias) Low risk “patients were randomly assigned sequen-

tially using an Interactive Voice Response

System”

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open-label

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk “centrally reviewed tumour assessment for

all patients with RESIST scans were used

for sensitivity analysis” Correspondence

with authors confirmed that central re-

viewers were blinded to treatment groups,

which is of low risk, but other outcomes at

unclear risk of bias, as open-label study

Incomplete outcome data (attrition bias)

All outcomes

Low risk No patients lost to follow-up and all ac-

counted for in CONSORT flowchart

Selective reporting (reporting bias) Low risk Outcome measures as declared at trial reg-

istration on www.ClinicalTrials.gov

Other bias Unclear risk Several investigators disclosed financial

links to AstraZeneca
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Kummar 2015

Methods Open-label, multicentre, phase II randomised

Participants 75 women (38 women cyclophosphamide, 37 women veliparib + cyclophosphamide)

Women with BRCA mutations and recurrent ovarian or primary peritoneal, fallopian

tube or high-grade serous epithelial ovarian cancer regardless of BRCA mutation status

All women had measurable disease by RECIST criteria

Women aged 18 years or over (median age 58; range 37 to 79 years)

Median 4 (range 1 to 9) previous chemotherapy treatment regimens

2 women had received prior treatment with a PARP inhibitor

Interventions Women were randomised to receive either cyclophosphamide (C) alone or veliparib +

cyclophosphamide (V+C) administered orally 4x per day (C 50 mg, V 60 mg) at 21-day

intervals until disease progression. At progression those in the C alone arm were able to

cross over to combination treatment

Outcomes 75 women (38 women C, 37 women V+C)

Radiological imaging was performed at baseline and every 3 cycles for assessment of

response. At interim analysis, 1 complete response was observed in each arm, with a total

of 5 partial responses (PR) in the combination arm and 7 PRs in the cyclophosphamide

alone arm, so accrual was stopped

The study design had an 88% power to detect the difference between a 15% response

rate for C alone versus a 35% response rate for V+C; early closure if fewer responses

were observed in the combination arm in the first 65 patients enrolled (half of the total

projected accrual)

These data are different to those published, following limited author response to requests

for clarification, since data were inconsistent in the initial meeting abstract

Further data published after initial completion of review and review publication delayed

to add in. Clarification of data not provided prior to publication, despite requests

Data in final publication differ from data in abstract:

One complete response was observed in each arm. “PR was seen in six patients in the

cyclophosphamide-only arm [7/36 (19.4%) responses overall; 95% CI: 8.2-36.0%],

three patients in the combination arm [4/34 (11.8%) responses overall; 95% CI: 3.3-

27.5%], with three partial responses (PR) in the combination arm and six PRs in the

cyclophosphamide alone arm.”

75 enrolled; only 72 had evaluable disease: 1 treatment was discontinued for adverse

events; 1 withdrew from the study; and 1 died before the end of the first cycle

No improvement in PFS (median 2.3 and 2.1 months for cyclophosphamide alone versus

combination treatment; P value = 0.68)

Lymphopenia G3 to 4: C = 3/38 (8%) versus V+C = 13/37 (35%)

Anaemia G3 to 4: C = 0/38 (0%) versus V+C = 2/37 (5%)

Nausea - no G3 to 4 in either arm

Vomiting - no G3 to 4 in either arm

Abdominal pain - no G3 to 4 in either arm

Notes No HR for OS or PFS reported

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

Unclear risk “Pts were randomised to receive either C

alone or V+C”. No additional information

provided by authors

Allocation concealment (selection bias) Unclear risk No additional information provided by au-

thors

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open-label

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Open-label - not reported that assessors

were blinded. No additional information

provided by authors

Incomplete outcome data (attrition bias)

All outcomes

Low risk All 75 patients accounted for at end of

study

Selective reporting (reporting bias) Unclear risk Insufficient information to permit judge-

ment

Other bias High risk Closed early at interim analysis as fewer re-

sponses in combination arm than pre-spec-

ified in power calculation but powered to

only detect a 20% difference in response

rates. Authors did not provide further data/

clarification

Ledermann 2012

Methods Randomised, double-blind, multicentre, international phase 2 study (82 investigational

sites in 16 countries)

Participants 326 women of whom 265 met the eligibility criteria. 136 women were randomly assigned

to received OLA and 129 to receive placebo. Women 18 years of age and older with

recurrent ovarian or fallopian tube cancer or primary peritoneal cancer (high-grade (grade

2 or 3) serous features or a serous component) sensitive to platinum (objective response

to a previous platinum-based therapy for more than 6 months). Women had to complete

2 courses of platinum-based chemotherapy and their most recent regimen induced an

objective response (defined by RECIST guidelines or a CA125 response) with a normal

CA125 prior to commencement of the study. Median age 58 years (OLA) and 59 years

(placebo). Complete response to previous platinum chemotherapy: 57 (41.9%) (OLA);

63 (48.8%) (placebo)). BRCA mutation: 31 (22.8%) (OLA); 28 (21.7%) (placebo)

Patients did not have mandatory BRCA1/2 testing as part of eligibility and factors known

to affect BRCA status, e.g. Jewish ancestry, were balanced between groups. BRCA1/2

positive: 31 (22.8%) Arm A; 28 (21.7%) Arm B
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Ledermann 2012 (Continued)

Interventions Arm 1: OLA 400 mg bd maintenance therapy

Arm 2: Placebo tablets bd maintenance therapy

All women within 8 weeks after completion of the last dose of platinum-based chemo-

therapy

Outcomes 136 women OLA and 129 women placebo - 1 woman in placebo arm withdrew consent

prior to treatment and was not included in the analysis, since there were no follow-up

data available - data based on remaining 264 women

Survival and response outcomes

153 progression events (57.7% of women)

Median PFS was 8.4 months (OLA) 4.8 months (placebo)

HR progression or death 0.35; 95% CI 0.25 to 0.49; P value < 0.001

101 women (38%) had died: 52 (OLA) and 49 (placebo) (OLA HR for death 0.94,

95% CI 0.63 to 1.39; P value = 0.75)

Median OS 29.7 months (OLA) and 29.9 months (placebo)

29 women were still receiving OLA after a period of at least 21 months, and 4 women

were still receiving placebo

Median time to progression (RECIST guidelines or CA-125 level) 8.3 months (OLA)

versus 3.7 months (placebo); HR for progression 0.35, 95% CI 0.25 to 0.47; P value <

0.001)

Only 40% of women in the study had measurable disease by RECIST guidelines; the

objective response rate (ORR) was 12% (7 of 57 women in the OLA group) versus 4%

(2 of 48 women in the placebo group) (OR 3.36, 95% CI 0.75 to 23.72; P value = 0.

12)

Quality of life and adverse events outcomes

246 of 264 women had 1 or more adverse events, most grade 1 or 2

Adverse events with an incidence 10% higher or more in the OLA group than in the

placebo group: nausea; fatigue; vomiting; anaemia. Incidence of grade 3 or 4 adverse

events was 35.3% in the OLA group and 20.3% in the placebo group. Seven grade 4

events were reported in the OLA group (5.1% of women), and 2 were reported in the

placebo group (1.6% of women)

Notes Study sponsored by AstraZeneca: Clinical trial identifiers: NCT01081951;

D0810C0041

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “computer generated”

Allocation concealment (selection bias) Low risk “Randomised by interactive voice response

system”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Double-blinding. Unique identifiers gen-

erated during randomisation
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Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Review of CT scans was blinded. Blinded

independent review of data

Incomplete outcome data (attrition bias)

All outcomes

Low risk 326 patients screened; 61 did not meet in-

clusion criteria, 265 randomised, 1 with-

drew consent, all patients accounted for at

end of study and displayed on CONSORT

flowchart

Selective reporting (reporting bias) Low risk Outcomes selected in ClinicalTrials.gov re-

ported

Other bias Unclear risk Industry-led study and some authors had

documented conflict of interest, but blind-

ing secure and low risk of selective report-

ing bias as pre-determined at trial registra-

tion. Principle Investigators were not em-

ployed by AstraZeneca

Oza 2015

Methods Open-label, randomised, phase II, multicentre study

Randomisation (1:1) stratified by number of platinum treatments and platinum-free

interval

Participants 162 women with platinum-sensitive recurrent high-grade serous epithelial ovarian cancer

Baseline characteristics well balanced between groups. However, 6 randomised to placebo

arm withdrew before starting treatment compared to 0 in the OLA group

Median age 59.0 (range 27 to 78) (Arm A) 62 (Arm B) (range 31 to 79)

Interventions Arm A - OLA orally (200 mg bd days 1 to 10 of a 21-day cycle) in combination with

paclitaxel (P) intravenous (IV) (175 mg/m2 day 1 of a 21-day cycle) and carboplatin (C)

IV (AUC4 day 1 of a 21-day cycle) for at least 4 cycles. Followed by OLA monotherapy

maintenance (400 mg bd continuous dosing)

Arm B - Paclitaxel (P) IV (175 mg/m2 day 1 of a 21-day cycle) and carboplatin (C) IV

(AUC6 day 1 of a 21-day cycle) for 6 cycles. Followed by a post-completion phase in

which no study treatment was administered

Outcomes Primary outcome: progression-free survival (PFS) by central review (RECIST 1.1)

Secondary outcomes: overall survival (OS); objective response rate (ORR); safety

162 women randomised (n = 81 per arm): 156 received treatment (Arm A, n = 81; Arm

B, n = 75) and 121 began the maintenance/no further therapy phase (Arm A, n = 66;

Arm B, n = 55)

Survival and response outcomes

OLA + P/C (AUC4) followed by maintenance OLA showed improvement in PFS versus

P/C (AUC6) alone (HR 0.51, 95% CI 0.34 to 0.77; P value = 0.0012; median PFS =

12.2 months (95% CI 9.7 to 15.0) versus 9.6 months (95% CI 9.1 to 9.7)
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OS data (HR 1.17, 95% CI 0.79 to 1.73; P value = 0.4379; median 33.8 versus 37.6

months; 54/81 versus 47/81 deaths in arms A and B respectively; total events = 62%)

ORR was similar for Arm A and Arm B (64% versus 58%)

Toxicity data (during chemo +/- OLA phase)

Nausea (G3 to 4): 1/81 (1.2%) (Arm A) and 1/75 (1.3%) (Arm B)

Fatigue (G3 to 4): 6/81 (7.4%) (arm A versus 3/75 (4.0%) (Arm B)

Abdominal pain: Grade 3 to 4: 0/81 (0%) versus 2/75 (2.67%) (Arm B)

Vomiting: Grade 3 to 4: 1/81 (1.23%) versus 0/75 (0%) (Arm B)

Anaemia: Grade 3 to 4: 7/82 (8.6%) versus 5/75 (6.7%)

Neutropenia: Grade 3 to 4: 35/81 (43.2%) (Arm A) versus 26/75 (34.7%) (Arm B)

Toxicity data (during maintenance phase)

Nausea (G3 to 4): 1/66 (1.2%) (Arm A) and 0/55 (0%) (Arm B)

Fatigue (G3 to 4): 0/66 (0%) (arm A versus 0/55 (0%) (Arm B)

Abdominal pain: Grade 3 to 4: 0/66 (0%) versus 0/55 (0%) (Arm B)

Vomiting: Grade 3 to 4: 0/66 (1.23%) versus 0/55 (0%) (Arm B)

Anaemia: Grade 3 to 4: 5/66 (7.6%) versus 1/55 (1.8%)

Neutropenia: Grade 3 to 4: 3/66 (4.5%) (Arm A) versus 0/55 (0%) (Arm B)

Notes We contacted authors for additional information and they provided us with the in-press

manuscript

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “Patient randomisation was stratified (us-

ing an interactive voice

response [IVR]system) based on:1) num-

ber of prior platinum-containing treatment

lines received(1 or >1) and 2) time to dis-

ease progression following completion of

the previous platinum-containing therapy

(>6 to <=12 months or >12 months).”

Allocation concealment (selection bias) Low risk See above

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open-label

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Assessors for central RECIST review were

blinded to treatment groups

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk All patients accounted for from randomisa-

tion, although 6 patients in control group

withdrew before starting treatment
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Selective reporting (reporting bias) Low risk Outcomes pre-specified on clinical trial

registry website

Other bias Unclear risk Industry-sponsored by AstraZeneca with

several authors disclosing financial conflict

of interest

bd: twice a day

CI: confidence interval

CT: computerised tomography

GCIG: Gynaecologic Cancer Intergroup

HR: hazard ratio

IV: intravenous

OLA: olaparib

OR: odds ratio

ORR: objective response rate

OS: overall survival

PFS: progression-free survival

PLD: pegylated liposomal doxorubicin

PS: performance status

pts: patients

RECIST: Response Evaluation Criteria in Solid Tumours

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ashworth 2008 Review article

Audeh 2009 Phase II, single-arm trial of the oral PARP inhibitor OLA (AZD2281) in BRCA-deficient advanced ovarian cancer

(ASCO 2009 meeting abstract)

Audeh 2010 Non-randomised, phase II, single-arm study (update of Audeh 2009)

Banerjee 2013 Review article

Chen 2013 Review article

Coleman 2014 Non-randomised phase II trial; no control group

Drew 2008 Review article

Fong 2006 Phase I pharmacokinetic (PK) and pharmacodynamic (PD) evaluation of a small molecule inhibitor of Poly(ADP-

ribose) polymerase (PARP), KU-0059436 (Ku) in patients with advanced tumours (ASCO 2006 meeting abstract)
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(Continued)

Fong 2008 Results from a phase I study of AZD2281 (KU-0059436), a PARP (poly(ADP-ribose) polymerase) inhibitor with

single-agent anticancer activity in patients with BRCA-deficient ovarian cancer (ASCO 2008 meeting abstract)

Fong 2009 Non-randomised phase I clinical trial analysing the pharmacokinetic and pharmacodynamic characteristics of

OLA (AZD2281). Selection was aimed at having a study population enriched in carriers of a BRCA1 or BRCA2

mutation

Gelmon 2011 Phase 2, multicentre, open-label, non-randomised study

Helleday 2008 Review article

Lee 2014 Biomarker study of RCT comparing olaparib plus/minus cediranib: wrong comparison and wrong outcomes

Lord 2008 Review article

Lui 2014 Comparison of Olaparib versus Olaparib and Cediranib - no randomisation of Olaparib; 2 references to this study

Moore 2014 On-going study but study on effects of high fat food on pharmacokinetics

Muggia 2009 Review article

NCT01891344 Ongoing, non-randomised, open-label, phase II study (Ariel2)

Shaw 2013 Review article

Turner 2005 Review article

Yap 2007 Phase I pharmacokinetic (PK) and pharmacodynamic (PD) study of KU-0059436 (Ku), a small molecule inhibitor

of poly(ADP-ribose) polymerase (PARP) in cancer patients, including BRCA1/2 mutation carriers (ASCO 2007

meeting abstract)

Yap 2009 Review article

OLA: olaparib

Characteristics of ongoing studies [ordered by study ID]

NCT01844986

Trial name or title Olaparib monotherapy in patients with BRCA mutated ovarian cancer following first line platinum based

chemotherapy

Methods A phase III, randomised, double-blind, placebo-controlled, multicentre study
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NCT01844986 (Continued)

Participants Patients with BRCA mutated advanced (FIGO Stage III-IV) ovarian cancer following first-line platinum-

based chemotherapy

Interventions Olaparib/placebo tablets po 300 mg twice daily for up to 2 years or until objective radiological disease

progression as per RECIST as assessed by the investigator. Patients with evidence of stable disease (or those

who have progressed), may continue on treatment beyond 2 years, if in the patient’s best interest. Dose

reduction to 250 mg and subsequently 200 mg is permitted following confirmation of toxicity

Outcomes Progression-free survival (PFS) by central review of RECIST data

Overall survival

Quality of life analysis

Safety and tolerability

Starting date August 2013

Contact information Elizabeth Lowe, AstraZeneca: ClinicalTrialTransparency@astrazeneca.com

Notes Estimated completion: January 2022; estimated enrolment = 2500. Last updated 16 March 2015. Last accessed

7 April 2015

NCT01847274

Trial name or title A maintenance study with niraparib versus placebo in patients with platinum sensitive ovarian cancer

Methods Phase 3, multicentre, randomised, double-blind, placebo-controlled study

Participants Platinum-sensitive ovarian cancer patients who have either gBRCAmut or a tumour with high-grade serous

histology and who have responded to their most recent chemotherapy containing a platinum agent

Interventions 2:1 ratio of niraparib versus placebo

Administered once daily continuously during a 28-day cycle

Outcomes Progression-free survival

overall survival

Quality of life

Safety and tolerability

Starting date June 2013

Contact information Shefali Agarwal; Sagarwal@tesarobio.com

Notes Estimated completion date October 2016. Last updated 23 Feb 2015. Last accessed 7 April 2015

33Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



NCT01874353

Trial name or title Olaparib treatment in BRCA mutated ovarian cancer patients after complete or partial response to platinum

chemotherapy

Methods A phase III, randomised, double-blind, placebo-controlled, multicentre study to assess the efficacy of olaparib

maintenance monotherapy

Participants Women with relapsed high-grade serous ovarian cancer (HGSOC) (including patients with primary peri-

toneal and/or fallopian tube cancer) or high-grade endometrioid cancer with BRCA mutations (documented

mutation in BRCA1 or BRCA2 that is predicted to be deleterious or suspected deleterious (known or predicted

to be detrimental/lead to loss of function)) who have responded following platinum-based chemotherapy

Interventions 300 mg olaparib or placebo tablets taken orally twice daily until objective radiological disease progression as

per RECIST as assessed by the investigator. Dose reduction to 250 mg and subsequently 200 mg is permitted

following confirmation of toxicity

Outcomes Progression-free survival (PFS) by central review of RECIST data

Overall survival

Quality of life analysis

Safety and tolerability

Starting date September 2013

Contact information Elizabeth Lowe, AstraZeneca: ClinicalTrialTransparency@astrazeneca.com

Notes Estimated completion date June 2020; estimated enrolment = 440; Last updated 2 Feb 2015. Last accessed

7 April 2015

NCT01968213

Trial name or title A study of rucaparib as switch maintenance following platinum-based chemotherapy in patients with plat-

inum-sensitive, high-grade serous or endometrioid epithelial ovarian, primary peritoneal or fallopian tube

cancer (ARIEL3)

Methods Phase 3 study of rucaparib as switch maintenance after platinum in relapsed high-grade serous and endometri-

oid ovarian cancer

Participants Women with high-grade serous or endometrioid epithelial ovarian, primary peritoneal or fallopian tube cancer

Received ≥ 2 prior platinum-based treatment regimens

Received no more than 1 non-platinum regimen

Must have had at least a 6-month disease-free period following prior treatment with platinum-based chemo-

therapy and achieved a response

Have sufficient archival tumour tissue for analysis

Interventions Rucaparib

Oral tablets or placebo administered twice daily with 28-day cycles of treatment until evidence of recurrence

Outcomes Disease progression according to RECIST version 1.1

Disease progression according to RECIST version 1.1, as assessed by Independent Radiology Review (IRR),
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NCT01968213 (Continued)

or death from any cause (irrPFS), in molecularly defined subgroups

Quality of life: time to a specified decrease in the DSR P subscale of the FOSI-18 patient-reported outcome

questionnaire; time to a specified decrease in the total score of the FOSI-18 patient-reported outcome ques-

tionnaire

Overall survival (OS)

Incidence of adverse events (AEs), clinical laboratory abnormalities and dose modifications

Individual model parameter estimates of rucaparib and covariates identification (PK)

Starting date January 2014

Contact information clovistrials@emergingmed.com

Notes estimated completion November 2016; Last updated 23 March 2015; Date last accessed 7 April 2015

po: orally

RECIST: Response Evaluation Criteria in Solid Tumours
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D A T A A N D A N A L Y S E S

Comparison 1. PARP inhibitors versus other treatments or placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall survival 3 Hazard Ratio (Random, 95% CI) Subtotals only

1.1 PARP inhibitor versus

other monotherapy

1 97 Hazard Ratio (Random, 95% CI) 0.82 [0.00, 211083.

92]

1.2 PARP inhibitor versus

placebo/NFT (in addition to

conventional chemo)

1 162 Hazard Ratio (Random, 95% CI) 1.17 [0.79, 1.74]

1.3 PARP inhibitor versus

placebo (as maintenance)

1 264 Hazard Ratio (Random, 95% CI) 0.94 [0.63, 1.40]

2 Overall survival

(platinum-sensitive only)

2 426 Hazard Ratio (Random, 95% CI) 1.05 [0.79, 1.39]

2.1 PARP inhibitor versus

placebo/NFT (in addition to

conventional chemo)

1 162 Hazard Ratio (Random, 95% CI) 1.17 [0.79, 1.74]

2.2 PARP inhibitor versus

placebo (as maintenance)

1 264 Hazard Ratio (Random, 95% CI) 0.94 [0.63, 1.40]

3 Progression-free survival 4 Hazard Ratio (Random, 95% CI) Subtotals only

3.1 PARP inhibitor versus

other monotherapy

1 97 Hazard Ratio (Random, 95% CI) 0.88 [0.51, 1.52]

3.2 PARP inhibitor versus

placebo/NFT (in addition to

conventional chemo)

2 237 Hazard Ratio (Random, 95% CI) 0.72 [0.37, 1.43]

3.3 PARP inhibitor versus

placebo (as maintenance)

1 264 Hazard Ratio (Random, 95% CI) 0.35 [0.25, 0.49]

4 Progression-free survival

(platinum-sensitive only)

2 426 Hazard Ratio (Random, 95% CI) 0.42 [0.29, 0.60]

4.1 PARP inhibitor versus

placebo/NFT (in addition to

conventional chemo)

1 162 Hazard Ratio (Random, 95% CI) 0.51 [0.34, 0.77]

4.2 PARP inhibitor versus

placebo (as maintenance)

1 264 Hazard Ratio (Random, 95% CI) 0.35 [0.25, 0.49]

5 Objective response rate

(RECIST) (no response)

4 434 Risk Ratio (IV, Random, 95% CI) 0.90 [0.82, 0.99]

5.1 PARP inhibitor versus

other monotherapy

1 97 Risk Ratio (IV, Random, 95% CI) 0.88 [0.70, 1.10]

5.2 PARP inhibitor versus

placebo/NFT (in addition to

conventional chemo)

2 232 Risk Ratio (IV, Random, 95% CI) 0.82 [0.57, 1.19]

5.3 PARP inhibitor versus

placebo (as maintenance)

1 105 Risk Ratio (IV, Random, 95% CI) 0.92 [0.82, 1.03]

6 Severe adverse events 4 Risk Ratio (IV, Random, 95% CI) Subtotals only

6.1 Nausea (G3-4) 4 592 Risk Ratio (IV, Random, 95% CI) 1.23 [0.33, 4.60]

6.2 Diarrhoea (G3-4) 4 592 Risk Ratio (IV, Random, 95% CI) 0.53 [0.15, 1.90]
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6.3 Vomiting (G3-4) 4 592 Risk Ratio (IV, Random, 95% CI) 1.42 [0.25, 8.10]

6.4 Stomatitis (any grade) 3 503 Risk Ratio (IV, Random, 95% CI) 0.44 [0.02, 10.15]

6.5 Anaemia (G3-4) 4 592 Risk Ratio (IV, Random, 95% CI) 2.15 [0.89, 5.21]

6.6 Neutropenia (G3-4) 2 220 Risk Ratio (IV, Random, 95% CI) 0.59 [0.09, 3.98]

6.7 Other (G3-4) 3 483 Risk Ratio (IV, Random, 95% CI) 1.06 [0.16, 6.98]

6.8 Any SAE 1 156 Risk Ratio (IV, Random, 95% CI) 1.14 [0.89, 1.47]

7 Adverse event during

maintenance (any grade)

2 Risk Ratio (IV, Random, 95% CI) Subtotals only

7.1 Nausea 2 385 Risk Ratio (IV, Random, 95% CI) 3.82 [0.85, 17.22]

7.2 Anaemia 2 385 Risk Ratio (IV, Random, 95% CI) 2.30 [0.87, 6.08]

7.3 Fatigue 2 385 Risk Ratio (IV, Random, 95% CI) 1.35 [1.02, 1.78]

8 Adverse event during

maintenance (grade 3/4)

2 Risk Ratio (IV, Random, 95% CI) Subtotals only

8.1 Nausea 2 385 Risk Ratio (IV, Random, 95% CI) 4.21 [0.48, 36.69]

8.2 Anaemia 2 385 Risk Ratio (IV, Random, 95% CI) 5.26 [1.19, 23.20]

8.3 Fatigue 2 385 Risk Ratio (IV, Random, 95% CI) 2.12 [0.67, 6.71]

9 Any adverse event during

maintenance (any grade)

2 385 Risk Ratio (IV, Random, 95% CI) 1.16 [0.94, 1.42]

10 Any adverse event during

maintenance (grade 3/4)

2 385 Risk Ratio (IV, Random, 95% CI) 1.74 [1.22, 2.49]

Analysis 1.1. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 1 Overall

survival.

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 1 Overall survival

Study or subgroup PARP-inhibitor Other log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 PARP inhibitor versus other monotherapy

Kaye 2012 (1) 64 33 -0.1985 (6.3565) 100.0 % 0.82 [ 0.00, 211083.92 ]

Subtotal (95% CI) 64 33 100.0 % 0.82 [ 0.00, 211083.92 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.03 (P = 0.98)

2 PARP inhibitor versus placebo/NFT (in addition to conventional chemo)

Oza 2015 (2) 81 81 0.157 (0.2024) 100.0 % 1.17 [ 0.79, 1.74 ]

Subtotal (95% CI) 81 81 100.0 % 1.17 [ 0.79, 1.74 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.78 (P = 0.44)

3 PARP inhibitor versus placebo (as maintenance)

Ledermann 2012 136 128 -0.0619 (0.2042) 100.0 % 0.94 [ 0.63, 1.40 ]

0.001 0.01 0.1 1 10 100 1000

Favours PARP-inhibitor Favours other

(Continued . . . )
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(. . . Continued)

Study or subgroup PARP-inhibitor Other log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Subtotal (95% CI) 136 128 100.0 % 0.94 [ 0.63, 1.40 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.76)

Test for subgroup differences: Chi2 = 0.58, df = 2 (P = 0.75), I2 =0.0%

0.001 0.01 0.1 1 10 100 1000

Favours PARP-inhibitor Favours other

(1) 80% CI

(2) Based on interim data (38% mature data, totals not stated) (ECC 2013)

Analysis 1.2. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 2 Overall

survival (platinum-sensitive only).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 2 Overall survival (platinum-sensitive only)

Study or subgroup PARP-inhibitor Other log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 PARP inhibitor versus placebo/NFT (in addition to conventional chemo)

Oza 2015 (1) 81 81 0.157 (0.2024) 50.4 % 1.17 [ 0.79, 1.74 ]

Subtotal (95% CI) 81 81 50.4 % 1.17 [ 0.79, 1.74 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.78 (P = 0.44)

2 PARP inhibitor versus placebo (as maintenance)

Ledermann 2012 136 128 -0.0619 (0.2042) 49.6 % 0.94 [ 0.63, 1.40 ]

Subtotal (95% CI) 136 128 49.6 % 0.94 [ 0.63, 1.40 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.76)

Total (95% CI) 217 209 100.0 % 1.05 [ 0.79, 1.39 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.58, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 0.34 (P = 0.74)

Test for subgroup differences: Chi2 = 0.58, df = 1 (P = 0.45), I2 =0.0%

0.01 0.1 1 10 100

Favours PARP-inhibitor Favours other
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(1) Based on interim data (38% mature data, totals not stated) (ECC 2013)

Analysis 1.3. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 3 Progression-

free survival.

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 3 Progression-free survival

Study or subgroup PARP Other log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 PARP inhibitor versus other monotherapy

Kaye 2012 64 33 -0.1278 (0.2783) 100.0 % 0.88 [ 0.51, 1.52 ]

Subtotal (95% CI) 64 33 100.0 % 0.88 [ 0.51, 1.52 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.46 (P = 0.65)

2 PARP inhibitor versus placebo/NFT (in addition to conventional chemo)

Oza 2015 81 81 -0.6733 (0.2069) 49.7 % 0.51 [ 0.34, 0.77 ]

Kummar 2015 37 38 0.0198 (0.2) 50.3 % 1.02 [ 0.69, 1.51 ]

Subtotal (95% CI) 118 119 100.0 % 0.72 [ 0.37, 1.43 ]

Heterogeneity: Tau2 = 0.20; Chi2 = 5.80, df = 1 (P = 0.02); I2 =83%

Test for overall effect: Z = 0.94 (P = 0.35)

3 PARP inhibitor versus placebo (as maintenance)

Ledermann 2012 136 128 -1.0498 (0.1717) 100.0 % 0.35 [ 0.25, 0.49 ]

Subtotal (95% CI) 136 128 100.0 % 0.35 [ 0.25, 0.49 ]

Heterogeneity: not applicable

Test for overall effect: Z = 6.11 (P < 0.00001)

Test for subgroup differences: Chi2 = 9.52, df = 2 (P = 0.01), I2 =79%

0.1 0.2 0.5 1 2 5 10

Favours PARP Favours other
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Analysis 1.4. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 4 Progression-

free survival (platinum-sensitive only).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 4 Progression-free survival (platinum-sensitive only)

Study or subgroup PARP Other log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 PARP inhibitor versus placebo/NFT (in addition to conventional chemo)

Oza 2015 81 81 -0.6733 (0.2069) 45.3 % 0.51 [ 0.34, 0.77 ]

Subtotal (95% CI) 81 81 45.3 % 0.51 [ 0.34, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.25 (P = 0.0011)

2 PARP inhibitor versus placebo (as maintenance)

Ledermann 2012 136 128 -1.0498 (0.1717) 54.7 % 0.35 [ 0.25, 0.49 ]

Subtotal (95% CI) 136 128 54.7 % 0.35 [ 0.25, 0.49 ]

Heterogeneity: not applicable

Test for overall effect: Z = 6.11 (P < 0.00001)

Total (95% CI) 217 209 100.0 % 0.42 [ 0.29, 0.60 ]

Heterogeneity: Tau2 = 0.03; Chi2 = 1.96, df = 1 (P = 0.16); I2 =49%

Test for overall effect: Z = 4.69 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.96, df = 1 (P = 0.16), I2 =49%

0.1 0.2 0.5 1 2 5 10

Favours PARP Favours other
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Analysis 1.5. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 5 Objective

response rate (RECIST) (no response).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 5 Objective response rate (RECIST) (no response)

Study or subgroup PARP-inhibitor Control Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

1 PARP inhibitor versus other monotherapy

Kaye 2012 46/64 27/33 19.3 % 0.88 [ 0.70, 1.10 ]

Subtotal (95% CI) 64 33 19.3 % 0.88 [ 0.70, 1.10 ]

Total events: 46 (PARP-inhibitor), 27 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

2 PARP inhibitor versus placebo/NFT (in addition to conventional chemo)

Kummar 2015 4/34 7/36 0.7 % 0.61 [ 0.19, 1.88 ]

Oza 2015 29/81 34/81 6.3 % 0.85 [ 0.58, 1.26 ]

Subtotal (95% CI) 115 117 7.1 % 0.82 [ 0.57, 1.19 ]

Total events: 33 (PARP-inhibitor), 41 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.31, df = 1 (P = 0.57); I2 =0.0%

Test for overall effect: Z = 1.04 (P = 0.30)

3 PARP inhibitor versus placebo (as maintenance)

Ledermann 2012 50/57 46/48 73.7 % 0.92 [ 0.82, 1.03 ]

Subtotal (95% CI) 57 48 73.7 % 0.92 [ 0.82, 1.03 ]

Total events: 50 (PARP-inhibitor), 46 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.53 (P = 0.13)

Total (95% CI) 236 198 100.0 % 0.90 [ 0.82, 0.99 ]

Total events: 129 (PARP-inhibitor), 114 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.67, df = 3 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 2.09 (P = 0.037)

Test for subgroup differences: Chi2 = 0.36, df = 2 (P = 0.84), I2 =0.0%

0.01 0.1 1 10 100

Favours PARP-inhibitor Favours control
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Analysis 1.6. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 6 Severe

adverse events.

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 6 Severe adverse events

Study or subgroup PARP-inhibitors Other Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

1 Nausea (G3-4)

Kaye 2012 3/64 2/33 57.3 % 0.77 [ 0.14, 4.40 ]

Kummar 2015 0/37 0/38 Not estimable

Ledermann 2012 3/136 0/128 19.9 % 6.59 [ 0.34, 126.36 ]

Oza 2015 1/81 1/75 22.8 % 0.93 [ 0.06, 14.54 ]

Subtotal (95% CI) 318 274 100.0 % 1.23 [ 0.33, 4.60 ]

Total events: 7 (PARP-inhibitors), 3 (Other)

Heterogeneity: Tau2 = 0.0; Chi2 = 1.56, df = 2 (P = 0.46); I2 =0.0%

Test for overall effect: Z = 0.31 (P = 0.75)

2 Diarrhoea (G3-4)

Kaye 2012 0/64 2/33 18.2 % 0.10 [ 0.01, 2.12 ]

Kummar 2015 0/37 0/38 Not estimable

Ledermann 2012 3/136 3/128 65.6 % 0.94 [ 0.19, 4.58 ]

Oza 2015 0/81 1/75 16.2 % 0.31 [ 0.01, 7.47 ]

Subtotal (95% CI) 318 274 100.0 % 0.53 [ 0.15, 1.90 ]

Total events: 3 (PARP-inhibitors), 6 (Other)

Heterogeneity: Tau2 = 0.0; Chi2 = 1.73, df = 2 (P = 0.42); I2 =0.0%

Test for overall effect: Z = 0.98 (P = 0.33)

3 Vomiting (G3-4)

Kaye 2012 1/64 1/33 40.3 % 0.52 [ 0.03, 7.98 ]

Kummar 2015 0/37 0/38 Not estimable

Ledermann 2012 3/136 1/128 59.7 % 2.82 [ 0.30, 26.80 ]

Oza 2015 0/81 0/75 Not estimable

Subtotal (95% CI) 318 274 100.0 % 1.42 [ 0.25, 8.10 ]

Total events: 4 (PARP-inhibitors), 2 (Other)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.88, df = 1 (P = 0.35); I2 =0.0%

Test for overall effect: Z = 0.40 (P = 0.69)

4 Stomatitis (any grade)

Kaye 2012 0/64 2/19 39.9 % 0.06 [ 0.00, 1.23 ]

Ledermann 2012 0/136 0/128 Not estimable

0.001 0.01 0.1 1 10 100 1000

Favours PARP-inhibitors Favours other

(Continued . . . )
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(. . . Continued)

Study or subgroup PARP-inhibitors Other Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

Oza 2015 14/81 8/75 60.1 % 1.62 [ 0.72, 3.64 ]

Subtotal (95% CI) 281 222 100.0 % 0.44 [ 0.02, 10.15 ]

Total events: 14 (PARP-inhibitors), 10 (Other)

Heterogeneity: Tau2 = 4.10; Chi2 = 4.27, df = 1 (P = 0.04); I2 =77%

Test for overall effect: Z = 0.51 (P = 0.61)

5 Anaemia (G3-4)

Kaye 2012 3/64 0/33 9.1 % 3.66 [ 0.19, 68.85 ]

Kummar 2015 2/37 0/38 8.7 % 5.13 [ 0.25, 103.41 ]

Ledermann 2012 7/136 1/128 18.1 % 6.59 [ 0.82, 52.81 ]

Oza 2015 7/81 5/75 64.2 % 1.30 [ 0.43, 3.91 ]

Subtotal (95% CI) 318 274 100.0 % 2.15 [ 0.89, 5.21 ]

Total events: 19 (PARP-inhibitors), 6 (Other)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.37, df = 3 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 1.70 (P = 0.089)

6 Neutropenia (G3-4)

Kaye 2012 1/32 6/32 36.9 % 0.17 [ 0.02, 1.31 ]

Oza 2015 35/81 26/75 63.1 % 1.25 [ 0.84, 1.86 ]

Subtotal (95% CI) 113 107 100.0 % 0.59 [ 0.09, 3.98 ]

Total events: 36 (PARP-inhibitors), 32 (Other)

Heterogeneity: Tau2 = 1.45; Chi2 = 3.53, df = 1 (P = 0.06); I2 =72%

Test for overall effect: Z = 0.54 (P = 0.59)

7 Other (G3-4)

Kaye 2012 (1) 0/64 12/32 20.1 % 0.02 [ 0.00, 0.33 ]

Kummar 2015 (2) 13/37 3/38 31.7 % 4.45 [ 1.38, 14.35 ]

Oza 2015 (3) 6/81 3/75 30.4 % 1.85 [ 0.48, 7.14 ]

Oza 2015 (4) 1/81 0/75 17.8 % 2.78 [ 0.12, 67.22 ]

Subtotal (95% CI) 263 220 100.0 % 1.06 [ 0.16, 6.98 ]

Total events: 20 (PARP-inhibitors), 18 (Other)

Heterogeneity: Tau2 = 2.57; Chi2 = 12.20, df = 3 (P = 0.01); I2 =75%

Test for overall effect: Z = 0.06 (P = 0.95)

8 Any SAE

Oza 2015 53/81 43/75 100.0 % 1.14 [ 0.89, 1.47 ]

Subtotal (95% CI) 81 75 100.0 % 1.14 [ 0.89, 1.47 ]

Total events: 53 (PARP-inhibitors), 43 (Other)

Heterogeneity: not applicable

Test for overall effect: Z = 1.03 (P = 0.30)
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(1) Palmar-platar erythrodyesthesia (hand-foot syndrome)

(2) Lymphopenia

(3) Fatigue

(4) Headache

Analysis 1.7. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 7 Adverse event

during maintenance (any grade).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 7 Adverse event during maintenance (any grade)

Study or subgroup PARP-inhibitors placebo Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

1 Nausea

Ledermann 2012 93/136 45/128 56.5 % 1.95 [ 1.50, 2.53 ]

Oza 2015 33/66 3/55 43.5 % 9.17 [ 2.97, 28.28 ]

Subtotal (95% CI) 202 183 100.0 % 3.82 [ 0.85, 17.22 ]

Total events: 126 (PARP-inhibitors), 48 (placebo)

Heterogeneity: Tau2 = 1.03; Chi2 = 6.90, df = 1 (P = 0.01); I2 =86%

Test for overall effect: Z = 1.74 (P = 0.081)

2 Anaemia

Ledermann 2012 23/136 6/128 54.9 % 3.61 [ 1.52, 8.57 ]

Oza 2015 8/66 5/55 45.1 % 1.33 [ 0.46, 3.84 ]

Subtotal (95% CI) 202 183 100.0 % 2.30 [ 0.87, 6.08 ]

Total events: 31 (PARP-inhibitors), 11 (placebo)

Heterogeneity: Tau2 = 0.25; Chi2 = 2.04, df = 1 (P = 0.15); I2 =51%

Test for overall effect: Z = 1.68 (P = 0.092)

3 Fatigue

Ledermann 2012 66/136 48/128 91.9 % 1.29 [ 0.98, 1.72 ]

Oza 2015 13/66 5/55 8.1 % 2.17 [ 0.82, 5.70 ]

Subtotal (95% CI) 202 183 100.0 % 1.35 [ 1.02, 1.78 ]

Total events: 79 (PARP-inhibitors), 53 (placebo)

Heterogeneity: Tau2 = 0.00; Chi2 = 1.00, df = 1 (P = 0.32); I2 =0%

Test for overall effect: Z = 2.13 (P = 0.033)

Test for subgroup differences: Chi2 = 2.72, df = 2 (P = 0.26), I2 =27%
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Analysis 1.8. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 8 Adverse event

during maintenance (grade 3/4).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 8 Adverse event during maintenance (grade 3/4)

Study or subgroup PARP-inhibitors Control Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

1 Nausea

Ledermann 2012 3/136 0/128 53.7 % 6.59 [ 0.34, 126.36 ]

Oza 2015 1/66 0/55 46.3 % 2.51 [ 0.10, 60.35 ]

Subtotal (95% CI) 202 183 100.0 % 4.21 [ 0.48, 36.69 ]

Total events: 4 (PARP-inhibitors), 0 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.19, df = 1 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 1.30 (P = 0.19)

2 Anaemia

Ledermann 2012 7/136 1/128 50.8 % 6.59 [ 0.82, 52.81 ]

Oza 2015 5/66 1/55 49.2 % 4.17 [ 0.50, 34.61 ]

Subtotal (95% CI) 202 183 100.0 % 5.26 [ 1.19, 23.20 ]

Total events: 12 (PARP-inhibitors), 2 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.09, df = 1 (P = 0.76); I2 =0.0%

Test for overall effect: Z = 2.19 (P = 0.028)

3 Fatigue

Ledermann 2012 9/136 4/128 100.0 % 2.12 [ 0.67, 6.71 ]

Oza 2015 0/66 0/55 Not estimable

Subtotal (95% CI) 202 183 100.0 % 2.12 [ 0.67, 6.71 ]

Total events: 9 (PARP-inhibitors), 4 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.28 (P = 0.20)

Test for subgroup differences: Chi2 = 0.98, df = 2 (P = 0.61), I2 =0.0%
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Analysis 1.9. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 9 Any adverse

event during maintenance (any grade).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 9 Any adverse event during maintenance (any grade)

Study or subgroup PARP-inhibitor Control Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

Ledermann 2012 130/136 116/128 56.3 % 1.05 [ 0.99, 1.13 ]

Oza 2015 64/66 41/55 43.7 % 1.30 [ 1.11, 1.53 ]

Total (95% CI) 202 183 100.0 % 1.16 [ 0.94, 1.42 ]

Total events: 194 (PARP-inhibitor), 157 (Control)

Heterogeneity: Tau2 = 0.02; Chi2 = 5.61, df = 1 (P = 0.02); I2 =82%

Test for overall effect: Z = 1.39 (P = 0.16)

Test for subgroup differences: Not applicable
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Favours PARP-inhibitor Favours control

Analysis 1.10. Comparison 1 PARP inhibitors versus other treatments or placebo, Outcome 10 Any adverse

event during maintenance (grade 3/4).

Review: Poly(ADP-ribose) polymerase (PARP) inhibitors for the treatment of ovarian cancer

Comparison: 1 PARP inhibitors versus other treatments or placebo

Outcome: 10 Any adverse event during maintenance (grade 3/4)

Study or subgroup PARP-inhibitor Control Risk Ratio Weight Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

Ledermann 2012 48/136 26/128 74.7 % 1.74 [ 1.15, 2.62 ]

Oza 2015 19/66 9/55 25.3 % 1.76 [ 0.87, 3.57 ]

Total (95% CI) 202 183 100.0 % 1.74 [ 1.22, 2.49 ]

Total events: 67 (PARP-inhibitor), 35 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.00, df = 1 (P = 0.98); I2 =0.0%

Test for overall effect: Z = 3.06 (P = 0.0022)

Test for subgroup differences: Not applicable
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 ovar* and (cancer* or carcinom* or neoplasm* or tumor* or tumour* or malignan*)

#2 MeSH descriptor Ovarian Neoplasms explode all trees

#3 (#1 OR #2)

#4 MeSH descriptor DNA Repair Enzymes explode all trees

#5 MeSH descriptor DNA Repair explode all trees

#6 DNA repair

#7 MeSH descriptor Poly(ADP-ribose) Polymerases explode all trees

#8 PARP near/5 inhibit*

#9 poly ADP ribose polymerase near/5 inhibit*

#10 olaparib or AZD2281 or KU59436

#11 AG014699

#12 ABT-888

#13 BSI-201

#14 INO-1001

#15 MK4827

#16 (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15)

#17 (#3 AND #16)

Appendix 2. MEDLINE search strategy

1 randomized controlled trial.pt.

2 controlled clinical trial.pt.

3 randomized.ab.

4 placebo.ab.

5 drug therapy.fs.

6 randomly.ab.

7 trial.ab.

8 groups.ab.

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10 (animals not (humans and animals)).sh.

11 9 not 10

12 ovar*.mp.

13 (cancer* or carcinoma*or neoplasm* or tumor*or tumour*or malignan*).mp.

14 12 and 13

15 exp Ovarian Neoplasms/

16 14 or 15

17 exp DNA Repair Enzymes/

18 exp DNA Repair/

19 DNA repair.mp.

20 exp “Poly(ADP-ribose) Polymerases”/

21 (PARP adj5 inhibit*).mp.
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22 (poly ADP ribose polymerase adj5 inhibit*).mp.

23 (olaparib or AZD2281 or KU59436).mp.

24 AG014699.mp.

25 ABT-888.mp.

26 BSI-201.mp.

27 INO-1001.mp.

28 MK4827.mp.

29 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

30 11 and 16 and 29

key:

pt=publication type

ab=abstract

fs=floating subheading

mp=title, original title, abstract, name of substance word, subject heading word

sh=subject heading

Appendix 3. EMBASE search strategy

1 exp Controlled Clinical Trial/

2 randomized.ab.

3 placebo.ab.

4 dt.fs.

5 randomly.ab.

6 trial.ab.

7 groups.ab.

8 1 or 2 or 3 or 4 or 5 or 6 or 7

9 (animal not (human and animal)).sh.

10 8 not 9

11 (ovar* and (cancer* or carcinoma* or neoplas* or tumor* or tumour* or malignan*)).mp.

12 exp Ovary Tumor/

13 11 or 12

14 exp Polydeoxyribonucleotide Synthase/

15 exp DNA Repair/

16 DNA repair.mp.

17 exp Nicotinamide Adenine Dinucleotide Adenosine Diphosphate Ribosyltransferase/

18 (PARP adj5 inhibit*).mp.

19 (poly ADP ribose polymerase adj5 inhibit*).mp.

20 (olaparib or AZD2281 or KU59436).mp.

21 AG014699.mp.

22 ABT-888.mp.

23 BSI-201.mp.

24 INO-1001.mp.

25 MK4827.mp.

26 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

27 10 and 13 and 26

key:

ab=abstract

fs=floating subheading

sh=subject heading

mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name
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W H A T ’ S N E W

Last assessed as up-to-date: 21 April 2015.

Date Event Description

21 September 2016 Amended Contact details updated.

H I S T O R Y

Protocol first published: Issue 3, 2009

Review first published: Issue 6, 2010

Date Event Description

3 August 2015 Amended Typographical error amended.

30 April 2015 Amended Literature search text amended

21 April 2015 New citation required and conclusions have changed Updated review with four RCTs added.

21 April 2015 New search has been performed Searches updated 21 April 2015

5 October 2013 New search has been performed Search updated 5 October 2013.

C O N T R I B U T I O N S O F A U T H O R S

GC and AW contributed equally to the review and are joint first authors.

SK and JM had the initial concept for the original title. The original protocol was written by JM and KG, with significant input from

HD and AB. The original searching was performed by IM and HD and in the updated review GC, AW, TL and JM analysed the

results of the searches, extracted data in pairs, with discussion with a third author where there were disagreements. GC, AW, JM and

TL contacted authors and pharmaceutical companies for additional information. AW, GC, TL and JM wrote the final review.

D E C L A R A T I O N S O F I N T E R E S T

AW - no conflict of interest declared.

GC - no conflict of interest declared.

AB - no conflict of interest declared.

TL - no conflict of interest declared.

JM - no conflict of interest declared.
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S O U R C E S O F S U P P O R T

Internal sources

• Taunton and Somerset NHS Trust NHS Supporting Programmed Activity, UK.

JM (1 hr per/week)

External sources

• No sources of support supplied

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

The original review title was changed to limit to PARP inhibitors for clarity.

Another comparison group of PARP inhibitors versus conventional chemotherapy was added following the publication of the original

version of the review due to ongoing studies identified in the initial search. We analysed data from studies with women who had

EOC sensitive and resistant to platinum treatment separately, since these are heterogeneous populations. Sub-group analyses were not

required since women in each study were limited to either platinum-resistant or platinum-sensitive disease. Future up-dates of the

review will contain sub-group analyses based on platinum-sensitivity, if appropriate. We will also perform sub-group analysis based on

BRCA-mutation status. In addition, from on-going studies identified in the original review, we knew that studies likely to be included

were not powered for OS. Objective Response Rate (ORR) was therefore added as a secondary outcome measure at the data extraction

stage in this update, since it was identified as a planned outcome measure from published protocols of ongoing studies online in the

original review. The outcome ’toxicity’ was renamed as ’adverse events’ in the update of the review. Future versions of this review should

include BRCA mutation status as a subgroup analysis.

Subseqent to the publication of the original protocol, Cochrane methods have changed and it is recommended that quality of evidence

should be assessed according to the GRADE system. GRADEPRO software (GRADEpro 2014) was use to import data from Review

Manager 5.3 (RevMan 2014) in order to create ’Summary of findings’ tables (Summary of findings for the main comparison; Summary

of findings 2) according to guidance in the Cochrane Handbook Chapter 11. This allowed us to summarise the overall quality of

evidence from studies included in each comparison. The following outcomes were included in the ’Summary of findings’ tables by

treatment comparisons:

• Overall survival;

• Progression-free survival;

• Severe adverse effects.

I N D E X T E R M S

Medical Subject Headings (MeSH)

∗Poly(ADP-ribose) Polymerase Inhibitors; Antineoplastic Agents [∗therapeutic use]; Benzimidazoles [adverse effects; therapeutic use];

DNA Repair [∗drug effects]; Disease-Free Survival; Neoplasm Recurrence, Local [∗drug therapy]; Ovarian Neoplasms [∗drug therapy;

genetics]; Phthalazines [adverse effects; ∗therapeutic use]; Piperazines [adverse effects; ∗therapeutic use]; Randomized Controlled Trials

as Topic
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MeSH check words

Adult; Female; Humans
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