
1

Overall survival in patients with platinum-sensitive recurrent

serous ovarian cancer receiving olaparib maintenance

monotherapy: An updated analysis from a Phase II, randomised,

double-blind, placebo-controlled trial

Jonathan A Ledermann, MD1 Philipp Harter, MD2 Charlie Gourley, PhD3 Michael

Friedlander, PhD4 Ignace Vergote, PhD5 Gordon Rustin, MD6 Clare Scott, PhD7

Werner Meier, MD8 Ronnie Shapira-Frommer, MD9 Tamar Safra, MD10 Daniela

Matei, MD11 Anitra Fielding, MBChB12 Stuart Spencer, MSc12 Philip Rowe, MSc12

Elizabeth Lowe, MD13 Darren Hodgson, PhD12 Mika A Sovak, MD13 and Ursula

Matulonis, MD14

1UCL Cancer Institute, University College London and UCL Hospitals, London, UK;

2Kliniken Essen Mitte, Essen, Germany; 3University of Edinburgh Cancer Research

UK Centre, Medical Research Council Institute of Genetics and Molecular Medicine,

Western General Hospital, Edinburgh, UK; 4University of New South Wales Clinical

School, Prince of Wales Hospital, Randwick, NSW, Australia; 5University of Leuven,

Leuven, Belgium; 6Mount Vernon Hospital, Northwood, UK; 7Royal Melbourne

Hospital, Parkville, VIC, Australia; 8Evangelisches Krankenhaus, Düsseldorf,

Germany; 9Chaim Sheba Medical Center, Tel Hashomer, Israel; 10Tel Aviv Sourasky

Medical Center, Tel Aviv, Israel; 11Northwestern University Feinberg School of

Medicine, Chicago, IL, USA; 12AstraZeneca, Alderley Park, Macclesfield, UK;

13AstraZeneca, Gaithersburg, MD, USA; 14Dana-Farber Cancer Institute, Boston,

MA, USA



2

Article type: Original research article

Running title: Overall survival with olaparib maintenance monotherapy

Figures/tables: 5 figures/4 tables

References: 23

Corresponding author:

Professor Jonathan A Ledermann

Cancer Research UK and UCL Cancer Trials Centre

90 Tottenham Court Road

London, W1T 4TJ, UK

Phone: +44 20 7679 9898

Fax: +44 20 7679 9899

Email: j.ledermann@ucl.ac.uk



3

Summary

Background: In patients with platinum-sensitive recurrent serous ovarian cancer

(PSR SOC), maintenance monotherapy with the PARP inhibitor olaparib

(Lynparza™) significantly improves progression-free survival (PFS) versus placebo.

We assessed the effect of maintenance olaparib on overall survival (OS) in patients

with PSR SOC, including those with BRCA1/2 mutations (BRCAm).

Methods: In this Phase II trial, patients had PSR SOC, had received ≥2 courses of 

platinum-based chemotherapy and responded to their latest regimen. Patients were

randomised, using a computer-generated sequence, to oral maintenance olaparib

(400 mg twice daily; capsules) or placebo by an interactive voice response system,

stratified by ancestry, time to progression on penultimate platinum and response to

most recent platinum. The primary endpoint was PFS. Here, we present data for OS,

a secondary endpoint, from the third data analysis after >5 years’ follow-up

(intention-to-treat population). Randomised patients were analysed for OS; treated

patients were analysed for safety. This trial is ongoing and is registered with

ClinicalTrials.gov (NCT00753545).

Findings: Between 28 August 2008 and 9 February 2010, 136 patients were

randomised to olaparib and 129 to placebo. 136 patients had deleterious BRCAm.

The data cut-off for this analysis was 30 September 2015. An OS advantage was

observed with maintenance olaparib versus placebo in all patients (HR 0·73 [95% CI

0·55–0·96]; median OS 29·8 vs 27·8 months) and BRCAm patients (HR 0·62 [0·41–

0·94]; 34·9 vs 30·2 months). 11 (15%) of 74 BRCAm patients received maintenance

olaparib for ≥5 years. Overall, common grade ≥3 adverse events (AEs) were fatigue 

(olaparib: 11/136 patients [8%]; placebo: 4/128 [3%]) and anaemia (olaparib: 8/136

patients [6%]; placebo: 1/128 [1%]). Serious AEs were reported in 30/136 patients

(22%) on olaparib and 11/128 patients (9%) on placebo. In patients treated for ≥2 

years, AEs included low-grade nausea (olaparib: 24/32 patients [75%]; placebo: 2/5

patients [40%]), fatigue (18/32 [56%]; 2/5 [40%]), vomiting (12/32 [38%]; 0) and

anaemia (8/32 [25%]; 1/5 [20%]); generally, events were initially reported during the

first 2 years of treatment.
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Interpretation: An OS advantage was seen for patients with BRCAm PSR SOC

receiving olaparib maintenance monotherapy after platinum-based chemotherapy,

supporting the reported PFS benefit. Significant long-term exposure to olaparib was

observed. There were no new safety signals. Taken together, these data support

both the long-term clinical benefit and tolerability of maintenance olaparib in BRCAm

patients with PSR SOC.

Funding: AstraZeneca.



5

Introduction

Ovarian cancer is the fifth most common type of cancer for women in developed

countries.1,2 Approximately 70% of patients relapse within 3 years of completing first-

line chemotherapy and the mean 5-year survival rate in Europe is low when

compared with other tumour types (approximately 38%).3–5 Overall, ovarian cancer is

the sixth highest cause of cancer-related deaths for women in developed

countries.1,2

Olaparib (Lynparza™) is an oral poly(ADP-ribose) polymerase (PARP) inhibitor that

has demonstrated significant clinical activity in ovarian cancer, particularly in tumours

that have mutations in BRCA1/2 (BRCAm).6–8 Olaparib traps PARP at sites of DNA

damage, blocking base-excision repair and resulting in the collapse of DNA

replication forks and the accumulation of DNA double-strand breaks.9 Induced

synthetic lethality is observed with olaparib in tumours that are deficient in

homologous recombination repair (HRR) pathways, such as those with BRCAm.10,11

Previously, we reported data from a Phase II, randomised, double-blind trial

(NCT00753545, D0810C00019 [Study 19]) that demonstrated a statistically

significant improvement in progression-free survival (PFS) for patients with platinum-

sensitive, recurrent serous ovarian cancer (PSR SOC) who received olaparib

maintenance monotherapy, compared with placebo (hazard ratio [HR] 0·35, 95%

confidence interval [CI] 0·25–0·49, P<0·0001).6,7 A pre-planned analysis of the

retrospectively identified BRCAm subgroup showed patients with a BRCAm derived

the greatest PFS benefit from olaparib (HR 0·18, 95% CI 0·10–0·31, P<0·0001).7 A

significant improvement in time to first subsequent therapy or death (TFST) and time

to second subsequent therapy or death (TSST) was also observed with maintenance

olaparib compared with placebo.7 Based on these data, olaparib (400 mg twice daily

[bid]; capsules) was approved in the EU as maintenance therapy for patients with

platinum-sensitive, relapsed, BRCA-mutated ovarian cancer.12 Olaparib is also

approved in the US as monotherapy for patients with germline BRCA-mutated

advanced ovarian cancer.13 This indication was based on data from another Phase II

study (NCT01078662, D0810C00042 [Study 42]).8
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Two interim analyses of overall survival (OS) from Study 19 have previously been

conducted, at 38% data maturity (HR 0·94, 95% CI 0·63–1·39, P=0·75) and 58%

data maturity (HR 0·88, 95% CI 0·64–1·21, P=0·44) in the overall study

population.6,7 Here, we present an updated descriptive OS analysis following the

deaths of 203 (77%) of 265 patients in this study, with an additional 3 years of OS

follow-up since the previous analysis. We assessed the impact of maintenance

olaparib on OS in women with PSR SOC.
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Methods

Study design and participants

Study 19 was a Phase II, randomised, double-blind, placebo-controlled, multicentre

trial, involving 82 sites across 16 countries. The institutional review boards or

independent ethics committees of all investigational sites approved the protocol. The

study was conducted in accordance with the Declaration of Helsinki, Good Clinical

Practice and the AstraZeneca policy on bioethics.14

Eligible patients were aged ≥18 years, with recurrent ovarian, fallopian tube or 

primary peritoneal cancer that had high-grade (grade 2 or 3) serous features or a

serous component and was platinum-sensitive (no disease progression in the first

6 months after the last dose of the penultimate line of platinum-based

chemotherapy). Patients must have received at least two prior courses of platinum-

based chemotherapy and had to have shown a complete or partial response to their

most recent regimen according to Response Evaluation Criteria in Solid Tumors

(RECIST) v1·0 or Gynecological Cancer InterGroup criteria. Additional eligibility

criteria have been described.6 All patients provided written informed consent.

Known BRCAm status was not required for eligibility, but was established via case

report forms (CRF) documenting previous local germline BRCA testing, or via

retrospective germline BRCA testing (Integrated BRACAnalysis assay [Myriad

Genetics, Salt Lake City, UT, USA]) or tumour BRCA testing (next-generation

sequencing [Foundation Medicine, Cambridge, MA, USA]), as described previously.7

Those patients whose BRCAm status was established during the study provided

consent and samples at study entry.

Randomisation and masking

Patients were randomised (1:1) to receive olaparib or placebo within 8 weeks

following completion of their most recent platinum-based regimen. An interactive

voice response system (IVRS) assigned patients to their treatment, using a

randomisation scheme generated by a computer program (GRand). The investigator

who enrolled patients contacted an IVRS centralised randomisation office by
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telephone for allocation of randomised treatment. Randomisation was stratified by

ancestry (Jewish vs non-Jewish), time to progression from completion of penultimate

platinum-based regimen (6–12 months vs >12 months) and response to most recent

platinum-based regimen (complete vs partial response).

Treatment assignment was masked from patients and from anyone administering

interventions, assessing outcomes or analysing data, by the use of unique identifiers

generated during randomisation. Olaparib and placebo capsules were identical in

appearance and packaging.

Procedures

Patients received oral olaparib maintenance monotherapy, at 400 mg bid (capsules;

manufactured by AstraZeneca, Macclesfield, UK or Lonza, Visp, Switzerland) or

matching placebo. Treatment continued until disease progression, provided that

toxicities were manageable. After progression, patients could continue on study

treatment if deemed appropriate by the investigator. Crossover between treatment

arms within the study was not allowed. Dose modifications that were specified for

toxicity management have been described previously.6

Tumours were assessed by computed tomography scans or magnetic resonance

imaging every 12 weeks until week 60 and every 24 weeks thereafter until objective

disease progression, unless patients withdrew consent. RECIST data were not

collected after the primary data cut-off (DCO) of 30 June 2010. Patients were

monitored for OS, with follow-up every 12 weeks after discontinuation of treatment.

Safety and tolerability were monitored for patients remaining on study treatment by

record of adverse events (AEs), physical examination, vital signs and laboratory

findings. AEs were graded using the National Cancer Institute’s Common

Terminology Criteria for Adverse Events v3·0.

Outcomes

We have previously reported data for PFS, which represented the primary endpoint

for this study.6 OS was a secondary endpoint, but represents the main outcome for
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this descriptive analysis. Safety, tolerability, TFST and TSST were also assessed.

Additional endpoints have been described previously.6,7

Statistical analysis

Study 19 was sized to ensure a sufficient number of PFS events in the overall study

population.7 OS was analysed on an intention-to-treat basis. The analysis set for OS

included all randomised patients and the analysis sets for safety, TFST and TSST

included all patients who received at least one dose of treatment. Other than for OS,

no adjustments were made for multiplicity introduced by analysing multiple endpoints

(TFST and TSST). No adjustments were made for analyses within the BRCAm or

BRCA wild-type (BRCAwt) subgroups. Two previous analyses of OS have been

conducted, at 38% data maturity (DCO: 31 October 2011; alpha [two-sided] = 0·1%)

and 58% data maturity (DCO: 26 November 2012; alpha [two-sided] = 3%).6,7 The

updated OS analysis described here was conducted at 77% data maturity, using an

alpha (two-sided) of 0·95%. This OS analysis is considered to be descriptive and the

P-values are nominal. Exploratory analyses of TFST and TSST were previously

performed at the 2012 DCO, when these endpoints had 80% and 74% data maturity,

respectively.7

OS, TFST and TSST were analysed using a Cox proportional hazards model, which

was adjusted for treatment, ancestry (Jewish vs non-Jewish), time to progression

from completion of penultimate platinum-based regimen (6–12 vs >12 months) and

response to most recent platinum-based regimen (complete vs partial response).

Restricted means analyses were performed for the OS data using the pseudovalues

method, as previously described.15 All analyses used SAS v8.2 except the restricted

means analyses, which used the Comprehensive R Archive Network “pseudo”

software. This study is registered with ClinicalTrials.gov, number NCT00753545.

Role of the funding source

The corresponding author (JAL) designed the study in collaboration with the

sponsor, AstraZeneca. AstraZeneca authors (AF, SS, PR, EL, DH and MAS)

collected and analysed the data and had a role in data interpretation and manuscript
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writing. All authors had access to the raw data. The decision to submit the

manuscript for publication was made by all authors. The corresponding author (JAL)

had full access to all of the data and the final responsibility to submit for publication.
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Results

Patient enrolment occurred between 28 August 2008 and 9 February 2010. Of the

326 patients who enrolled, 265 met the eligibility criteria; 136 of these patients were

randomised to olaparib and 129 were randomised to placebo (Figure 1). BRCAm

status was established for 254/265 patients (96%), of whom 136 (51% of 265

patients in the overall study population) had a known or suspected deleterious

BRCAm. Patient demographics and baseline characteristics were generally well

balanced for the overall study population, BRCAm and BRCAwt subgroups (Table

1). The efficacy analysis set included all 265 randomised patients. One patient who

was randomised to placebo withdrew consent and withdrew from the study without

receiving treatment; therefore, the analysis sets for safety, TFST and TSST included

the 264 patients who were treated.

The DCO for this updated OS analysis was 30 September 2015 (OS data maturity:

77%). At this DCO, the median follow-up for OS was 71·0 months (inter-quartile

range [IQR] 67·8–72·9 months) for the overall study population (olaparib: 71·0

months [68·5–72·7] vs placebo: 70·8 months [38·2–73·0]). This represents an

additional 3 years of follow-up since the previously reported OS.7 The Cox

proportional hazards analyses indicate an OS advantage for patients who received

olaparib maintenance monotherapy compared with patients who received placebo

(HR 0.73, 95% CI 0.55–0.96, nominal P=0.025; Figure 2a), although this did not

meet the required threshold for statistical significance (P<0.0095). The BRCAm

subgroup data (70% OS data maturity) indicate an OS advantage for BRCAm

patients who were treated with maintenance olaparib (HR 0.62, 95% CI 0.41–0.94,

nominal P=0.025; Figure 2b). The OS data for the BRCAwt subgroup (84% OS data

maturity) were: HR 0.83, 95% CI 0.55–1.24, nominal P=0.37 (Figure 2c).

Most patients in the BRCAm subgroup had germline BRCAm (gBRCAm), but 20

(15%) of 136 (olaparib: n=10, placebo: n=10) had somatic BRCAm (sBRCAm) only.

We previously reported 18 sBRCAm patients in Study 19, based on data from

tumour and blood testing, and 22 patients with tumour BRCAm for whom no blood

testing data were available.7 Subsequently, we used an algorithm to distinguish

gBRCAm and sBRCAm based solely on tumour sequencing data and identified the
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20 sBRCAm patients who are discussed here: this group includes six of the 22

patients for whom blood testing data were unavailable and 14 of the original 18

sBRCAm patients.16 Four patients from the previously reported subgroup were

therefore not included, three as a result of likely incomplete CRF-reported local

blood-based gBRCAm tests and one as a result of discordant variant results, which

revealed that the blood and tumour samples were from different individuals. Figure 3

shows the OS data for the overall, BRCAm, gBRCAm and sBRCAm populations.

The sBRCAm subgroup data are not inconsistent with those from the other

subgroups, but there are too few events in this group to draw conclusions. Figure 3

also shows the BRCA1m and BRCA2m OS data, and Kaplan-Meier survival curves

for these two subgroups are presented in the Supplementary Material (page 2).

Formal tests of the proportionality of the hazards, using the methods of Grambsch

and Therneau, indicated that there was insufficient evidence to dismiss the

proportional hazards assumption in either the overall population (P=0.19) or the

BRCAm subgroup (P=0.70).17 However, restricted means analyses were also

performed, in order to enhance our understanding of average patient survival and

the effect of study treatment. Table 2 shows the results from these restricted means

analyses for the overall population and the BRCAm subgroup. These data are

supportive of the OS advantage with olaparib indicated by the Cox proportional

hazards analysis. In addition, the Supplementary Material (page 3) shows the

restricted means data using two alternative methodologies, which gave similar

estimates for the restricted mean OS. Log-rank test analyses were also consistent

with the Cox proportional hazards analysis (Table 2).

Updated exploratory analyses were conducted for TFST and TSST; since the

previous analysis, the data maturity had increased from 80% to 86% for TFST and

from 74% to 84% for TSST.7 The median follow-up for TFST was 70.8 months (IQR

12.6–72·7 months) for the overall population (olaparib: 70.8 months [14.6–72·6] vs

placebo: 39.0 months [4.1–74.7]); median follow-up for TSST was 70.5 months (IQR

11.2–72.8 months) for the overall population (olaparib: 70.9 months [16.4–72.6) vs

placebo: 7.8 months [5.2–72.8 months). Median TFST and TSST were significantly

prolonged with olaparib compared with placebo, in the overall study population,

BRCAm and BRCAwt subgroups (Figure 4).
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At the DCO for this updated OS analysis, 15 (11%) of 136 patients were continuing

to receive olaparib, eight of whom had a BRCAm. Within this group, the initial dose

(olaparib 400 mg bid) was being received by nine patients (five BRCAm) and a

reduced dose of 200 mg bid was being received by six patients (three BRCAm), four

of whom had a dose reduction owing to AEs. One patient, with a BRCAm, was still

receiving placebo (<1% of 129). Overall, 18 (13%) of 136 patients had received

olaparib for ≥5 years (Table 3): 11 of these patients had a BRCAm (15% of 74) and

seven were in the BRCAwt subgroup (12% of 57). Baseline characteristics for the

patients who received study treatment for ≥5 years are listed in Table 4.  

Subsequent cancer therapies had been received by 89 (65%) of 136 patients from

the olaparib arm (45 of 74 BRCAm patients [61%]) and 111 (86%) of 129 patients

from the placebo arm (55 of 62 BRCAm patients [89%]). From the placebo arm, 17

(13%) of 129 patients had received post-discontinuation PARP inhibitor (PARPi)

treatment, of whom 14 (23%) of 62 patients had a BRCAm. These data include one

additional patient who had received subsequent PARPi therapy since the previous

DCO (26 November 2012). No patients from the olaparib arm had received

subsequent PARPi treatment.

There were no new safety findings in the overall study population when compared to

those that have previously been reported.6,7 Figure 5a shows the most common AEs

reported between the start of treatment and the 2015 DCO by patients in the overall

population who received treatment for ≥2 years. For the 32 patients who received 

olaparib for ≥2 years, 30 (94%) of 32 reported at least one AE, with 15 (47%) of 32 

reporting AEs of grade ≥3. For patients who received olaparib treatment for ≥2 years, 

the frequencies of previously reported common AEs, such as low-grade nausea,

fatigue, vomiting and anaemia, were consistent with the frequencies that were

previously reported in the overall population. In general, these AEs were initially

reported during the first 2 years of treatment. Twenty-one BRCAm patients received

olaparib for ≥2 years and this subgroup had a similar safety profile to the overall 

group of 32 patients. All five patients who received placebo for ≥2 years reported at 

least one AE; one (20%) of five reported AEs of grade ≥3. Figure 5b shows the 

common AEs reported after 2 years by patients who received treatment for ≥2 years. 
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Twenty-three of the 32 patients who received olaparib for ≥2 years reported AEs 

after 2 years (72%), with 8 (25%) of 32 reporting AEs of grade ≥3. Four of the five 

patients who received placebo for ≥2 years reported AEs after 2 years; none 

reported AEs of grade ≥3. Fifteen of the 32 patients who received olaparib for ≥2 

years had dose reductions (47%), eight of whom (25%) had dose reductions owing

to AEs. One patient from the placebo arm (20% of five) had dose reductions, which

were not related to AEs. Three of the patients who received olaparib for ≥2 years 

discontinued treatment owing to AEs, which were: pharyngitis and pancytopenia (two

AEs in one patient); squamous cell carcinoma of the oral cavity and bronchiectasis

(each in one patient). None of the patients who received placebo for ≥2 years 

discontinued owing to AEs.

In the overall study population, the most common grade ≥3 AEs were fatigue 

(olaparib: 11/136 patients [8%]; placebo: 4/128 [3%]) and anaemia (olaparib: 8/136

patients [6%]; placebo: 1/128 [1%]). Overall, 59 (43%) of 136 patients from the

olaparib arm and 29 (23%) of 128 from the placebo arm had dose reductions. Dose

reductions owing to AEs were reported in 34/136 (25%) and 5/128 (4%) patients

from the olaparib and placebo arms, respectively. AEs that led to discontinuation of

treatment were reported for eight (6%) of 136 patients from the olaparib arm and two

(2%) of 128 patients from the placebo arm; all of these AEs were considered to be

related to treatment. For the olaparib arm, in addition to the AEs that led to late

discontinuation after 2 years of treatment, the other AEs resulting in discontinuation

were: palpitations and myalgia (two AEs in one patient); herpes zoster, nausea,

erythematous rash and haemorrhagic stroke (each in one patient). In the placebo

arm, the AEs resulting in discontinuation of treatment were pruritic rash and nausea

(each in one patient). Thirty (22%) of 136 patients and 11 (9%) of 128 patients

reported serious AEs in the olaparib and placebo arms, respectively. There were no

additional reports of AEs resulting in death at the 2015 DCO compared with the 2012

DCO, at which one patient had died solely from AEs (haemorrhagic stroke and

thrombocytopenia, considered to be treatment-related). Overall, 202 patients in the

safety analysis set had died at the 2015 DCO (olaparib arm: n=94; placebo arm:

n=108). In the olaparib arm, 83 patients died only from the disease under

investigation; one patient had AEs leading to death (haemorrhagic stroke and
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thrombocytopenia); one patient died from a combination of their underlying disease

and an AE (myelodysplastic syndrome); and nine patients died from other reasons

(cardiac failure [n=1], euthanasia [n=1], septic shock [n=1], cerebrovascular disorder

[n=1], cerebral haemorrhage [n=1] or unknown [n=4]). In the placebo arm, 99

patients died only from the disease under investigation and nine patients died from

other reasons (acute renal failure and pneumonia [n=1], pulmonary embolism [n=1],

cardiopulmonary failure [n=1], septic shock due to faecaloma [n=1], ovarian cancer

[n=1] or unknown [n=4]). In total, three cases of myelodysplastic syndromes/acute

myeloid leukaemia (MDS/AML; two in the olaparib arm and one in the placebo arm)

have been reported. All three of the patients who reported MDS/AML had received

two prior lines of chemotherapy. Two of these patients had received olaparib

maintenance monotherapy for 57 and 10 months, respectively, and one had received

placebo for 44 months.
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Discussion

These updated descriptive OS analyses indicate an OS advantage for patients with

PSR SOC who received olaparib maintenance monotherapy compared with placebo

in Study 19. The OS data support the previously published results from Study 19,

which showed that PFS, TFST and TSST are significantly prolonged with olaparib,

particularly in BRCAm patients.6,7 Although a statistically significant improvement in

OS was not demonstrated, we observed that olaparib had a beneficial treatment

effect on OS in the overall population (HR=0.73). This was primarily driven by the

treatment effect in the BRCAm subgroup, who received the greatest OS benefit from

olaparib (HR=0.62). The Kaplan-Meier survival curves for the two treatment arms

begin to separate from approximately 42 months after randomisation for the overall

study population (Figure 2a). This observation may be a consequence of the

heterogeneous nature of the overall population and the different treatment effect in

BRCAm and BRCAwt patients. As BRCAm patients receive the most benefit from

olaparib and have a better prognosis than BRCAwt patients, the proportion of

BRCAm to BRCAwt patients at risk increases over time. At the tail end of the survival

curve for the overall population, there are therefore relatively fewer BRCAwt patients

at risk and so the treatment effect in BRCAm patients is less diluted, resulting in the

observed separation. The separation of the survival curves at the tail end also

suggests the observed OS advantage was influenced by a group of patients who

received long-term olaparib maintenance monotherapy. Biological factors that may

predict these long-term responders are being investigated.18

For the BRCAm subgroup, early separation of the Kaplan-Meier survival curves is

evident, with maximal separation from a time point of approximately 48 months

(Figure 2b). Mutations in BRCA1 and BRCA2 are the best characterised predictors

of HRR deficiency in ovarian cancer. Our data support the proposed mechanism of

action of olaparib as a synthetic lethality-inducing agent in the context of tumours

with HRR deficiencies, such as BRCAm tumours. Ongoing translational analyses

from Study 19 support the hypothesis that tumours with sBRCAm and gBRCAm are

similar, both biologically and in sensitivity to olaparib.16 The OS data for sBRCAm

patients were not inconsistent with those for gBRCAm patients, but the small size of

the sBRCAm subgroup (n=20) limits the interpretation of our findings.
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An exploratory restricted means analysis, using a pseudovalues methodology,

showed a difference in restricted mean OS with olaparib compared with placebo of

5·2 months in the overall population and 7·5 months in the BRCAm subgroup. Two

other methodologies were investigated for the restricted means analysis

(Supplementary Material, page 3) and all analyses gave comparable results,

indicating an OS advantage with maintenance olaparib versus placebo, with a

greater treatment effect in the BRCAm subgroup. The difference in median OS with

maintenance olaparib compared with placebo was 2·0 months in the overall

population and 4·7 months in the BRCAm subgroup. This is less than the difference

in restricted mean OS; the mean offers an estimate of average life expectancy,

which takes account of patients who do very well on treatment, whereas the median

provides a more conservative estimate that is limited to the first half of the survival

observations. For example, in the BRCAm subgroup who received olaparib, the

median OS indicates that 50% of patients lived for longer than 34.9 months, but the

mean survival time was 44.3 months.

For the BRCAwt subgroup, some patients may have been HRR-deficient as a result

of alternative factors, such as mutations in genes that encode other proteins involved

in the HRR pathway, or epigenetic mechanisms, which do not yet have well-defined

clinical testing strategies.19,20 Some separation is seen at the tail end of the BRCAwt

survival curves for the two treatment groups (Figure 2c), suggesting that there may

be a further subset of patients who receive benefit from olaparib treatment.

Investigations into patients who were BRCAwt but deficient in other HRR genes are

ongoing.21

Study 19 was designed to demonstrate a statistically significant difference in PFS in

the patients who were randomised: a population enriched for HRR tumours as a

result of high-grade serous histology and platinum sensitivity. No rules were pre-

specified to control the Type 1 error rate for subgroups. The study was not designed

to show a statistically significant difference in OS. However, a multiplicity strategy

was pre-specified to control the error rate at 5% (two-sided) for multiple analyses of

OS. Two previous OS analyses have been conducted, which did not meet statistical

significance, and only 0·95% alpha (two-sided) was available to test at this updated

analysis. The P-values did not meet this criterion for statistical significance
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(P<0.0095) and therefore the favourable treatment effect observed for OS should

only be considered descriptive and should be interpreted in the context of the

clinically meaningful and statistically significant improvement in PFS. All P-values for

OS are deemed nominal. The interpretation of the exploratory restricted means data

is limited by the post-hoc nature of this analysis, as it was not pre-specified.

The updated analyses for TFST and TSST show a significant improvement in these

exploratory endpoints with olaparib in the overall study population, BRCAm and

BRCAwt subgroups, consistent with the previous analysis.7 TFST is an exploratory

endpoint but is clinically meaningful, as it represents the time that women are free

from the next line of treatment. The updated TFST data provide a long-term view on

efficacy, with the TFST Kaplan-Meier curves for the two treatment arms remaining

clearly separated at a time point over 5 years from randomisation. As patients

remain blinded to study treatment beyond progression, these data support an

extended benefit, beyond PFS, for patients with PSR SOC receiving olaparib

maintenance monotherapy. It can be challenging to understand the full therapeutic

value of investigational treatments in ovarian cancer studies, as there is often a long

follow-up for OS and analyses can be confounded by post-discontinuation therapy.

Improvement in TSST can demonstrate continued benefit, beyond the next line of

therapy, and this intermediate endpoint can therefore support other efficacy

endpoints when evaluating the long-term impact of investigational treatments.22

Crossover was not allowed in this study, but 17 patients from the placebo arm (14

BRCAm patients) had received post-discontinuation PARPi treatment by the 2015

DCO, via other clinical studies. This is considered to have had the potential to

confound the OS data: an exploratory analysis has previously been reported for the

BRCAm subgroup, excluding all patients from sites where at least one patient from

the placebo arm received post-discontinuation PARPi therapy, and this showed a

greater treatment effect than the previously published OS analysis.7,23

Notably, at the DCO in 2015, there were 15 patients continuing on olaparib and one

on placebo. Significant long-term exposure to maintenance olaparib was observed,

with 18/136 (13%) of all patients (11/74 [15%] of BRCAm patients) receiving olaparib

for ≥5 years. This observation supports the long-term benefit and tolerability of 

olaparib. Similar data for long-term treatment have not previously been seen in
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clinical trials in recurrent ovarian cancer. Baseline data show that the majority of the

19 patients who received study treatment for ≥5 years had two or three prior lines of 

chemotherapy and a platinum-free interval >12 months.

Since the previous safety analysis, there has been an additional 3 years of follow-up,

during which time no new safety signals were reported for the patients remaining on

treatment and there was no change to the overall safety profile. For patients who

received olaparib for ≥2 years, the most frequent AEs were not different to those in 

the overall population, specifically low-grade nausea, fatigue, constipation and

vomiting, which are manageable and were generally reported prior to 2 years on

treatment.6–8 These long-term safety findings are consistent with previous data from

Study 19 and other clinical olaparib monotherapy studies. As reported in 2012, a low

proportion of patients experienced AEs resulting in discontinuation of treatment.7

To conclude, an OS advantage is seen for patients with BRCAm PSR SOC treated

with olaparib as maintenance therapy in Study 19. This observation is consistent with

data showing a significant improvement in PFS and in the intermediate endpoints

TFST and TSST with olaparib. Additionally, 11 (15%) of 74 patients with BRCAm

continued on olaparib for ≥5 years, highlighting that this PARPi can significantly alter 

the disease course. Ongoing analyses are investigating the potential benefit of

olaparib for patients who are BRCAwt but have other HRR deficiencies, some of

whom may continue on olaparib without progression for several years. There is an

extensive Phase III clinical programme for olaparib, with the SOLO2 study

(NCT01874353) assessing maintenance olaparib treatment (tablets) in BRCAm

patients with PSR SOC who have received at least two prior lines of platinum-based

chemotherapy.
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Research in context

Evidence before this study

We conducted searches of PubMed and the databases of the American Society of

Clinical Oncology, European Society for Medical Oncology, Society of Gynecological

Oncology and European Society of Gynaecological Oncology between 1 March 2015

and 1 March 2016 to identify journal publications and meeting abstracts that included

the search terms “poly(ADP-ribose) polymerase inhibitor” or “PARP inhibitor” and

“ovarian cancer”. No language restrictions were used. Olaparib is an oral PARP

inhibitor (PARPi) that has shown significant clinical activity and tolerability in patients

with recurrent ovarian cancer and is approved in the EU and the US for the treatment

of BRCA1/2-mutated advanced ovarian cancer. Other PARPis in clinical

development include rucaparib, veliparib, niraparib and talazoparib. There have been

no reports of an advantage in overall survival for ovarian cancer patients treated with

maintenance therapy with a PARPi compared with placebo.

Added value of this study

This is the third overall survival analysis for a Phase II, randomised trial of olaparib

maintenance monotherapy in patients with platinum-sensitive recurrent serous

ovarian cancer (PSR SOC) and is, to our knowledge, the first analysis to indicate a

survival advantage for patients with ovarian cancer treated with a PARPi. The

survival analysis was conducted after more than 5 years total follow-up, at high data

maturity, with an additional 3 years of follow-up since the previous analysis. The

observed survival advantage may have primarily been driven by a survival benefit in

the subgroup of patients with BRCA1/2 mutations (BRCAm). We believe this is also

the first report of significant long-term exposure to a PARPi in recurrent ovarian

cancer, with 18 (13%) of 136 patients receiving maintenance olaparib for ≥5 years. 

No new safety signals were observed and the long-term safety data were consistent

with the known safety profile for olaparib monotherapy.

Implications of all of the available evidence

We have previously reported data from this Phase II study that showed a significant

improvement in progression-free survival (PFS) with maintenance olaparib, with the
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greatest benefit seen in patients with a BRCAm. Exploratory analyses have also

shown a significant improvement in time to first and second subsequent therapy or

death (TFST and TSST) with olaparib compared with placebo. To our knowledge,

this is the first analysis to show survival data in recurrent BRCAm ovarian cancer

that are consistent with previously reported benefits in PFS, TFST and TSST. Taken

together, the available data support the long-term benefit and tolerability of

maintenance olaparib in BRCAm patients with PSR SOC.
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Figure legends

Figure 1. Enrolment, randomisation and treatment status at the third analysis of OS

in Study 19.

Footnote: DCO was on 30 September 2015. *One patient was randomly assigned to the placebo

arm, but withdrew consent and withdrew from the study without receiving treatment

Figure 2. OS in all patients and according to BRCAm status. a) All patients (n=265);

b) BRCAm patients (n=136); c) BRCAwt patients (n=118).

Figure 3. Summary of the Cox proportional hazards analysis of OS in the overall

study population and different BRCAm subgroups.

Figure 4. TFST and TSST in all patients and according to BRCAm status. a) TFST

in all patients (n=264); b) TFST in BRCAm patients (n=136); c) TFST in BRCAwt

patients (n=118); d) TSST in all patients (n=264); e) TSST in BRCAm patients

(n=136); f) TSST in BRCAwt patients (n=118).

Figure 5. Common AEs of all grades and grade ≥3 in patients who received study 

treatment for ≥2 years (olaparib n=32; placebo n=5).  

a) AEs reported from the start of treatment to the 2015 DCO*

Footnote: *AEs that were reported in ≥8 patients are presented. Additional data for AEs in 

patients who received study treatment for ≥2 years are listed in the Supplementary Material (page 

4–5)

b) AEs reported after 2 years*

Footnote: *AEs that were reported in ≥4 patients are presented. Additional data for AEs reported 

after 2 years by patients who received study treatment for ≥2 years are listed in the 

Supplementary Material (page 6–7)
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61 did not meet
eligibility criteria
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treatment
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Table 1. Patient demographics and baseline characteristics*

Overall study population (N=265) BRCAm patients (n=136)† BRCAwt‡ patients (n=118)†

Olaparib
(N=136)

Placebo
(N=129)

Olaparib
(n=74)

Placebo
(n=62)

Olaparib
(n=57)

Placebo
(n=61)

Age, years 58·0 (21–89) 59·0 (33–84) 57·5 (38–89) 55·0 (33–84) 62·0 (21–80) 63·0 (49–79)

Ancestry§

Non-Jewish

Jewish

115 (85%)

21 (15%)

112 (87%)

17 (13%)

60 (81%)

14 (19%)

48 (77%)

14 (23%)

51 (89%)

6 (11%)

58 (95%)

3 (5%)

Number of prior lines of
chemotherapy

2

3

4

≥5  

59 (43%)

43 (32%)

18 (13%)

16 (12%)

63 (49%)

34 (26%)

19 (15%)

13 (10%)

26 (35%)

28 (38%)

9 (12%)

11 (15%)

28 (45%)

18 (29%)

10 (16%)

6 (10%)

32 (56%)

14 (25%)

6 (11%)

5 (8%)

35 (57%)

14 (23%)

9 (15%)

3 (5%)

Primary tumour
location

Ovary

Fallopian tube or primary
peritoneal

119 (88%)

17 (13%)

109 (84%)

20 (16%)

65 (88%)

9 (12%)

54 (87%)

8 (13%)

50 (88%)

7 (12%)

49 (80%)

12 (20%)

Time to progression
after completion of
penultimate platinum-
based regimen



>6 to ≤12 months 

>12 months

53 (39%)

83 (61%)

54 (42%)

75 (58%)

28 (38%)

46 (62%)

26 (42%)

36 (58%)

23 (40%)

34 (60%)

24 (39%)

37 (61%)

Objective response to
most recent platinum-
based regimen

Complete response

Partial response
57 (42%)

79 (58%)

63 (49%)

66 (51%)

36 (49%)

38 (51%)

34 (55%)

28 (45%)

20 (35%)

37 (65%)

25 (41%)

36 (59%)

Data are median (range) or number (%). *These baseline data have also been described previously.6,7 †Data were not available for all randomised

patients. ‡The BRCAwt subgroup included patients without detected BRCAm and patients with BRCAm of unknown significance. §Ancestry was

self-reported



Table 2. OS using a Cox proportional hazards analysis, a restricted means analysis and a log-rank test

Overall study population (N=265) BRCAm patients (n=136)

Olaparib (N=136) Placebo (N=129) Olaparib (n=74) Placebo (n=62)

Median OS (95% CI),

months
29·8 (26·9–35·7) 27·8 (24·9–33·7) 34·9 (29·2–54·6) 30·2 (23·1–40·7)

Difference in median OS,

months
2·0 4·7

Cox proportional hazards

analysis: hazard ratio (95%

CI)

0·73 (0·55–0·96) 0·62 (0·41–0·94)

Log-rank test: hazard ratio

(95% CI)
0·72 (0·54–0·95) 0·61 (0·39–0·95)

Restricted mean OS,

months
40·1 34·9 44·3 36·9

Difference in restricted

mean OS (95% CI),

months

5·2 (-0·8–11·2) 7·4 (-1·1–16·0)



Table 3. Patients receiving long-term olaparib maintenance monotherapy, by number of years of treatment received

Duration of treatment
Overall study population (N=264) BRCAm patients (n=136)

Olaparib (N=136) Placebo (N=128) Olaparib (n=74) Placebo (n=62)

≥1 year 54 (40%) 14 (11%) 34 (46%) 8 (13%) 

≥2 years 32 (24%) 5 (4%) 21 (28%) 5 (8%) 

≥3 years 24 (18%) 3 (2%) 16 (22%) 3 (5%) 

≥4 years 20 (15%) 1 (1%) 12 (16%) 1 (2%) 

≥5 years 18 (13%) 1 (1%) 11 (15%) 1 (2%) 

≥6 years 7 (5%) 1 (1%) 4 (5%) 1 (2%) 



Table 4. Baseline characteristics for patients receiving study treatment for ≥5 years

Overall study population (n=19) BRCAm patients (n=12) BRCAwt patients (n=7)

Olaparib

(n=18)

Placebo

(n=1)

Olaparib

(n=11)

Placebo

(n=1)

Olaparib

(n=7)

Placebo

(n=0)

Number of prior

lines of

chemotherapy

2

3

4

≥5 

7 (39%)

7 (39%)

2 (11%)

2 (11%)

1 (100%)

0

0

0

4 (36%)

4 (36%)

2 (18%)

1 (9%)

1 (100%)

0

0

0

3 (43%)

3 (43%)

0

1 (14%)

0

0

0

0

Platinum-free

interval

6–12 months

>12 months

5 (28%)

13 (72%)

0

1 (100%)

2 (18%)

9 (82%)

0

1 (100%)

3 (43%)

4 (57%)

0

0

Objective

response to most

recent platinum-

based regimen

Complete response

Partial response

10 (56%)

8 (44%)

1 (100%)

0

5 (45%)

6 (55%)

1 (100%)

0

5 (71%)

2 (29%)

0

0
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Figure 1. OS according to BRCAm status

a) BRCA1m patients (n=93)

b) BRCA2m patients (n=43)



3

Table 1. Restricted mean OS using three methodologies: pseudovalues, flexible parametric model and area under the Kaplan–Meier curves1

Overall study population (N=265) BRCAm patients (n=136)

Olaparib (N=136) Placebo (N=129) Olaparib (n=74) Placebo (n=62)

Pseudovalues Restricted mean OS, months 40·1 34·9 44·3 36·9
Difference in restricted mean OS (95% CI),
months

5·2 (-0·8–11·2) 7·4 (-1·1–16·0)

Flexible parametric
model

Restricted mean OS, months 40·7 34·4 44·6 36·6

Difference in restricted mean OS (95% CI),
months

6·3 (0·3–12·1) 8·0 (-0·3–16·3)

Area under Kaplan-
Meier curves

Restricted mean OS, months 40·1 35.0 44·4 36·9

Difference in restricted mean OS (95% CI),
months

5·1 (-0·8–11·2) 7·5 (-1·1–16·0)
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Table 2. AEs of all grades (frequency >6 patients) and of grade ≥3 (all instances) in either treatment arm in patients who received study treatment for ≥2 years* 

Overall study population (n=37) BRCAm patients (n=26)

All grades Grade ≥3 All grades Grade ≥3

Olaparib (n=32) Placebo (n=5) Olaparib (n=32) Placebo (n=5)
Olaparib

(n=21)
Placebo (n=5) Olaparib (n=21) Placebo (n=5)

Any AE 30 (94%) 5 (100%) 15 (47%) 1 (20%) 20 (95%) 5 (100%) 9 (43%) 1 (20%)

Nausea 24 (75%) 2 (40%) 0 0 18 (86%) 2 (40%) 0 0

Fatigue 18 (56%) 2 (40%) 3 (9%) 0 12 (57%) 2 (40%) 2 (10%) 0

Vomiting 12 (38%) 0 0 0 9 (43%) 0 0 0

Constipation 12 (38%) 1 (20%) 0 0 8 (38%) 1 (20%) 0 0

Abdominal pain 11 (34%) 1 (20%) 0 0 8 (38%) 1 (20%) 0 0

Diarrhoea 11 (34%) 1 (20%) 0 0 7 (33%) 1 (20%) 0 0

Arthralgia 11 (34%) 1 (20%) 1 (3%) 0 5 (24%) 1 (20%) 1 (5%) 0

Dizziness 10 (31%) 0 0 0 7 (33%) 0 0 0

Headache 9 (28%) 1 (20%) 0 0 7 (33%) 1 (20%) 0 0

Upper respiratory tract
infection

9 (28%) 2 (40%) 0 0 6 (29%) 2 (40%) 0 0

Decreased appetite 9 (28%) 0 0 0 6 (29%) 0 0 0

Back pain 9 (28%) 2 (40%) 1 (3%) 0 6 (29%) 2 (40%) 1 (5%) 0

Pain in extremity 9 (28%) 1 (20%) 0 0 4 (19%) 1 (20%) 0 0

Anaemia 8 (25%) 0 1 (3%) 0 8 (38%) 0 1 (5%) 0

Insomnia 8 (25%) 1 (20%) 0 0 7 (33%) 1 (20%) 0 0

Pruritus 8 (25%) 1 (20%) 1 (3%) 0 6 (29%) 1 (20%) 0 0

Dysgeusia 7 (22%) 0 0 0 5 (24%) 0 0 0

Peripheral neuropathy 7 (22%) 0 0 0 5 (24%) 0 0 0

Cough 7 (22%) 2 (40%) 0 0 5 (24%) 2 (40%) 0 0
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Dyspnoea 6 (19%) 1 (20%) 1 (3%) 0 3 (14%) 1 (20%) 1 (5%) 0

Myalgia 3 (9%) 1 (20%) 1 (3%) 0 2 (10%) 1 (20%) 0 0

Hypertension 3 (9%) 0 1 (3%) 0 1 (5%) 0 0 0

Pneumonia 2 (6%) 0 2 (6%) 0 2 (10%) 0 2 (10%) 0

Femur fracture 2 (6%) 0 2 (6%) 0 2 (10%) 0 2 (10%) 0

Pancytopenia 2 (6%) 0 1 (3%) 0 2 (10%) 0 1 (5%) 0

Osteoarthritis 2 (6%) 0 1 (3%) 0 2 (10%) 0 1 (5%) 0

Weight decreased 2 (6%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Anaemia megaloblastic 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Hernia pain 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Hip fracture 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Acute leukaemia 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Intraductal proliferative breast
lesion

1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Squamous cell carcinoma of
the oral cavity

1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Syncope 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Pulmonary embolism 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Neutropenia 1 (3%) 1 (20%) 1 (3%) 1 (20%) 0 1 (20%) 0 1 (20%)

Small intestinal obstruction 1 (3%) 0 1 (3%) 0 0 0 0 0

Iodine allergy 1 (3%) 0 1 (3%) 0 0 0 0 0

Blood creatine phosphokinase
increased

1 (3%) 0 1 (3%) 0 0 0 0 0

Dysaesthesia 1 (3%) 0 1 (3%) 0 0 0 0 0

Confusional state 1 (3%) 0 1 (3%) 0 0 0 0 0

Urticaria 1 (3%) 0 1 (3%) 0 0 0 0 0

Myelodysplastic syndrome 0 1 (20%) 0 1 (20%) 0 1 (20%) 0 1 (20%)

*AEs are included that met the criteria stated in either treatment arm in patients who received study treatment for ≥2 years in the overall study population or the 
BRCAm subgroup
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Table 3. AEs of all grades (frequency ≥3 patients) and of grade ≥3 (all instances) that were reported after 2 years in either treatment arm by patients who 

received study treatment for ≥2 years* 

Overall study population (n=37) BRCAm patients (n=26)

All grades Grade ≥3 All grades Grade ≥3

Olaparib (n=32) Placebo (n=5) Olaparib (n=32) Placebo (n=5)
Olaparib

(n=21)
Placebo (n=5) Olaparib (n=21) Placebo (n=5)

Any AE 23 (72%) 4 (80%) 8 (25%) 0 15 (71%) 4 (80%) 6 (29%) 0

Pruritus 5 (16%) 0 1 (3%) 0 4 (19%) 0 0 0

Constipation 5 (16%) 0 0 0 4 (19%) 0 0 0

Urinary tract infection 5 (16%) 0 0 0 4 (19%) 0 0 0

Dyspnoea 5 (16%) 0 1 (3%) 0 3 (14%) 0 1 (5%) 0

Fatigue 5 (16%) 0 0 0 3 (14%) 0 0 0

Dizziness 5 (16%) 0 0 0 3 (14%) 0 0 0

Nausea 4 (13%) 0 0 0 3 (14%) 0 0 0

Pain in extremity 4 (13%) 0 0 0 2 (10%) 0 0 0

Back pain 3 (9%) 0 1 (3%) 0 3 (14%) 0 1 (5%) 0

Bone pain 3 (9%) 0 0 0 3 (14%) 0 0 0

Headache 3 (9%) 1 (20%) 0 0 2 (10%) 1 (20%) 0 0

Peripheral swelling 3 (9%) 0 0 0 2 (10%) 0 0 0

Upper respiratory tract
infection

3 (9%) 0 0 0 2 (10%) 0 0 0

Cough 3 (9%) 0 0 0 2 (10%) 0 0 0

Vomiting 3 (9%) 0 0 0 1 (5%) 0 0 0

Diarrhoea 3 (9%) 0 0 0 1 (5%) 0 0 0

Sinusitis 3 (9%) 0 0 0 1 (5%) 0 0 0

Anaemia 2 (6%) 0 1 (3%) 0 2 (10%) 0 1 (5%) 0
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Pancytopenia 2 (6%) 0 1 (3%) 0 2 (10%) 0 1 (5%) 0

Osteoarthritis 2 (6%) 0 1 (3%) 0 2 (10%) 0 1 (5%) 0

Arthralgia 2 (6%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Femur fracture 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Hip fracture 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Acute leukaemia 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Squamous cell carcinoma of
the oral cavity

1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Pulmonary embolism 1 (3%) 0 1 (3%) 0 1 (5%) 0 1 (5%) 0

Confusional state 1 (3%) 0 1 (3%) 0 0 0 0 0

Urticaria 1 (3%) 0 1 (3%) 0 0 0 0 0

*AEs that were reported after 2 years are included that met the criteria stated in either treatment arm in patients who received study treatment for ≥2 years in the 
overall study population or BRCAm subgroup
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Table 4. Recruitment data for Study 19

Site number Principle investigator Number of patients recruited (N=265)

Dr. Horst Schmidt Klinik, Wiesbaden, Germany Philipp Harter/Rita
Hills/Tanja Neunhöffer

13

Western General Hospital, Edinburgh, UK Charlie Gourley 12

University of New South Wales, Randwick, NSW, Australia Michael Friedlander 11

Dana Faber Cancer Institute, Boston, MA, USA Ursula Matulonis 11

UZ Gasthuisberg Dienst Gynaecologische Oncologie, Leuven, Belgium Ignace Vergote 10

St Georges’ Hospital, London, UK Gordon Rustin 9

Massachusetts General Hospital, Boston, MA, USA Ursula Matulonis 9

Royal Melbourne Hospital, Parkville, VIC, Australia Clare Scott 8

Evangelisches Krankenhaus, Düsseldorf, Germany Werner Meier 8

The Chaim Sheba Medical Center, Tel Hashomer, Israel Ronnie Shapira-Frommer 8

Tel Aviv Sourasky Medical Center, Tel Aviv, Israel Tamar Safra/Larisa Ryvo 6

University College London Hospitals, London, UK Jonathan Ledermann 6

Indiana University, Indianapolis, IN, USA Daniela Matei 6

Institutul Oncologic Prof Dr Ion Chiricuta Cluj-Napoca, Napoca, Romania Carmen Floares 5

Netherlands Cancer Institute, Amsterdam, The Netherlands Gabe Sonke 5

Orenburg Regional Clinical Oncological Dispensary, Orenburg, Russia Vadim Shirinkin 5

Mount Vernon Cancer Centre, Northwood, UK Michelle Ferguson 5

Mercy Hospital for Women, Heideberg, VIC, Australia Linda Mileshkin 4

Centre Léon Bérard, Lyon, France Isabelle Ray-Coquard 4

Hadassah University Hospital, Jerusalem, Israel David Edelmann 4

NYU Clinical Cancer Center, New York, NY, USA Stephanie Blank 4

Cedars-Sinai Medical Centre, Los Angeles, CA, USA Beth Karlan 4



9

Monash Medical Centre, Melbourne, VIC, Australia Geraldine Goss 3

Sunshine Coast Cancer Centre, Nambour, QLD, Australia Michelle Cronk 3

UZ Brussel Dienst Oncologie, Brussels, Belgium Jacques De Greve 3

Princess Margaret Cancer Center, Toronto, ON, Canada Amit Oza 3

Hospital Tenon, Paris, France Frederic Selle 3

Universitätsklinikum Essen, Essen, Germany Pauline Wimberger 3

St. Petersburg GUZ City Clinical Oncology Dispensary, St. Petersburg, Russia Alla Lisyanskaya 3

Hospital Vall d’Hebrón, Barcelona, Spain José María Del Campo 3

Royal Marsden Hospital, London, UK Stan Kaye 3

Clatterbridge Centre for Oncology, Wirral, UK Rosemary Lord 3

Derzhavna Ustanova Instytut Medychnoi Radiologii im SP Grygoryeva AMN Ukrainy,
Pushkinska, Ukraine

Oksana Tarasova 3

Alta Bates Summit Comprehensive Cancer Center, Berkeley, CA, USA David Irwin 3

Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke, QC, Canada Paul Bessette 2

Insitut Bergonié, Bordeaux cedex, France Anne Floquet 2

Universitätsfrauenklinik Ulm, Ulm, Germany Wolfgang Janni 2

Georg-August-Universität Göttingen, Göttingen, Germany Günter Emons 2

Western Galilee Hospital, Nahariya, Israel Hadassah Goldberg 2

Shaare Zedek Medical Center, Jerusalem, Israel Ora Rosengarten 2

Rambam Health Care Campus, Haifa, Israel Amnon Amit 2

Wielkopolskie Centrum Onkologii, Poznan, Poland Jan Kotarski 2

Wielkopolskie Centrum Onkologii, Poznan Poland Andrzei Roszak 2

Pomeranian Medical University, Szczecin, Poland Izabella Rzepka-Gorska 2

Szpital Kliniczny Przemienienia Pańskiego, Poznań, Poland Janina Markowska  2 

GUZ Perm Regional Dispensary, Perm, Russia Zinaida Akishina 2

Hospital Clinico Universitario de Valencia, Valencia, Spain Andrés Cervantes 2
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Hospital Reina Sofía Avda, Córdoba, Spain María Jesús Rubio Pérez 2

Christie Hospital, Manchester, UK Gordon Jayson 2

Kyivska Miska Onkologichna Likarnya, Verhovynnae, Ukraine Olena Manzhura 2

Natsionalnyi Instytut Raku, Lomonosova, Ukraine Liusia Vorobyeva 2

Ternopilskyi Derzhavnyi Medychnyi Universytet, Ternopil, Ukraine Igor Galaychuk 2

Uzhgorodskyi Natsionalnyi Medychnyi Universytet, Uzhgorod, Ukraine Eugen Rusyn 2

Donetskyi Oblasnyi Protypukhlynnyi Tsentr, Donetsk, Ukraine Vladimir Bondar 2

Women and Infants’ Hospital, Providence, RI, USA Paul DiSilvestro 2

Florida Cancer Specialists, West Palm Beach, FL, USA Marilyn Raymond 2

Klinikum Rechts der Isar der Technischen, München, Germany Barbara Schmalfeldt 2

E Wolfson Medical Center, Holon, Israel Tally Levy 2

The Burnside War Memorial Hospital Clinical Trials Centre, Adelaide, SA, Australia Margaret Davy 1

The Burnside War Memorial Hospital Women’s Health Centre, Adelaide, SA, Australia Margaret Davy 1

British Columbia Cancer Agency, Vancouver, BC, Canada Paul Hoskins 1

North Estonian Medical Centre, Tallinn, Estonia Kersti Kukk 1

Hospitel Hôtel-Dieu, Paris, France Eric Pujade-Lauraine 1

Centre Catherine de Sienne, Nantes, France Alain Lortholary 1

Universitätsklinikum Schleswig-Holstein, Kiel, Germany Felix Hilpert 1

Gynäkologisch-Onkologische Praxis am Pelikanplatz, Hannover, Germany Hans-Joachim Lück 1

Samodzielny Publiczny Szpital Kliniczny, Szczecin, Poland Jan Lubinski 1

Ginekologiczno-Położniczy Szpital Kliniczny, Poznań, Poland Marek Spaczyński  1 

Białostockie Centrum Onkologii, Białystok, Poland Janusz Poznański  1 

Spitatul Judetean de Urgenta, Suceava, Romania Elena Ganea-Motan 1

Spitatul Judetean de Urgenta, Baia Mare, Romania Dumitru Filip 1

Medical Radiological Research Centre, Obninsk, Russia Ludmila Krikunova 1



11

GUZ Altaysky Regional Oncology Dispensary, Barnaul, Russia Darya Lazareva 1

Sverdlovsk Regional Oncology Dispensary, Ekaterinburg, Russia Valentina Popova 1

Hospital Universitario 12 de Octubre, Madrid, Spain César Mendiola 1

Hospital Gregorio Marañón, Madrid, Spain
José Ángel Arranz
Arija

1

Ninewells Hospital, Dundee, UK Fiona Lofts 1

Odeskyi Oblasnyi Onkologichnyi Dyspanser, Odesa, Ukraine
Natalia
Tavartkiladze

1

Beth Israel Deaconess Medical Center, Boston, MA, USA Ursula Matulonis 1

Gynecologic Oncology Associates Inc, Miramar, FL, USA Laurel King 1

UCSF Helen Diller Family Comprehensive Cancer Center, San Francisco, CA, USA Lee May Chen 1

Faculty Hospital Brno, Brno, Czech Republic Pavel Ventruba 1
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