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For several years, a major obstacle in the systemic treatment of ovarian cancer has been the lack of a therapeutic strategy
tailored to specific biomarkers present in the individual patient’s tumour. However, considerable progress has been made
recently through the development of drugs targeting cells deficient in the key mechanism of double-strand DNA repair,
known as homologous recombination (HRD). These drugs, inhibitors of the enzyme poly (ADP) ribose polymerase
(PARP), selectively kill HRD cells through a process known as tumour-selective synthetic lethality. Olaparib is the first such
agent, now approved for the treatment of ovarian cancer associated with mutations in the BRCA 1/2 genes, since these
are characterised by cells with HRD. Importantly, another group of patients with tumours bearing a similar repair defi-
ciency but without BRCA mutations may also be susceptible to PARP inhibition and efforts to develop an HRD assay are
therefore a priority so that these patients can be identified as PARPi candidates. In addition, combination strategies are an
area of intense research; these include combinations with antiangiogenic agents and with inhibitors of the P13K/AKT
pathway and others are likely to merit assessment since resistance to PARP inhibitors will certainly emerge as the next
challenge. While olaparib is the first PARP inhibitor to receive approval for ovarian cancer treatment, others including ruca-
parib and niraparib are clearly effective in this disease and, within the next year or two, the results of ongoing randomised
trials will clarify their respective roles. PARP inhibitors are generally well tolerated; regulatory approval at present supports
their use as a maintenance therapy (in Europe) and as treatment for advanced recurrent disease (in the United States), but
it is likely that these indications will extend as the results of ongoing trials become available. Ten years have elapsed
between the first pre-clinical publications and the regulatory approval of PARP inhibitors and the next 10 years promise to
be even more productive.
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In April 2005, two papers appeared in the journal Nature,
describing the exquisite in vitro sensitivity of BRCA-mutated
cells to treatment with a selective inhibitor of the enzyme poly
(ADP) ribose polymerase (PARP) [1, 2]. The concept of
tumour-selective synthetic lethality was born, and this heralded
the beginning of an eventful decade, culminating in the approval
by regulatory authorities both in Europe and in the United
States of the first oral PARP inhibitor—olaparib—for the treat-
ment (in two different clinical scenarios) of BRCA-mutated
(BRCAm) ovarian cancer patients. Since BRCA mutations are a
regular feature of high-grade serous ovarian cancer (∼20% con-
sidering both germline and somatic mutations), the impact of
this development in treatment is likely to be considerable. In
reviewing the events of the past 10 years, it will be important to
identify some lessons to be learnt and also to point to key issues
for the future of this exciting aspect of ovarian cancer therapy.

Within 2 months of that initial dual publication, the first clin-
ical trial of the oral PARP inhibitor KU59436 (subsequently
acquired by AstraZeneca and renamed olaparib) was initiated.
PARP inhibitors had been subject to clinical trials in oncology
previously but the initial focus had been as a combination
partner for chemotherapy, aimed at circumventing drug resist-
ance [3]. The first clinical trial with olaparib as a single agent
was reported in 2009 [4] with the data from the expansion
cohort published in 2010 [5]. These demonstrated that the drug
was well tolerated, safe and active in patients with BRCAm
ovarian cancer, particularly but not exclusively in those with
platinum-sensitive disease. The overall response rate was 46%
(23 of 50 patients) with a median response duration of 8
months and activity was later confirmed in a separate inter-
national phase II trial conducted at 2 dose levels (400 mg b.i.d.
and 100 mg b.i.d.) [6], with the higher dose level appearing to
be more active.
In a subsequent randomised phase II study, the higher dose of

400 mg b.i.d. again appeared to be more active (than 200 mg b.i.d.),
although this small three-armed trial (in patients with BRCAm-
relapsed ovarian cancer with a 0- to 12-month platinum-free
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interval) was powered primarily to compare olaparib (pooled
data from the two dose levels) with the control arm of conven-
tional chemotherapy—pegylated liposomal doxorubicin (PLD)
[7]. For the first time, it became clear in this study that, in
patients with BRCAm ovarian cancer, PLD had a higher level of
efficacy than in unselected cases, and this was supported by data
from other studies [8]. To an extent, this led to a misinterpret-
ation of the trial results. At the higher dose of 400 mg b.i.d. ola-
parib, the response rate and progression-free survival (PFS)
were numerically superior to PLD, but the differences were not
significant for the reasons stated. Some observers considered
this to demonstrate a failure of olaparib to meet expectations,
despite having a response rate of 59% and median PFS of 8.5
months, in BRCAm patients with advanced recurrent disease.
Indeed, 4 years then elapsed before the drug was eventually
approved by FDA for this specific indication [9] (without the
need for further randomised trial data, but with the support of
further data from a separate study in 193 patients with plat-
inum-resistant BRCAm ovarian cancer, treated with single-
agent olaparib and showing a 31% response rate and median
PFS of 7 months) [10]. At present, and in contrast to the United
States, olaparib is not approved in Europe for the treatment of
advanced recurrent disease.
In the meantime, two lines of clinical development were ac-

tively pursued. The first examined the concept that PARP inhib-
ition in ovarian cancer might have utility extending beyond
those cases associated with BRCA mutations. The key property
predicting efficacy is homologous recombination deficiency
(HRD), and in 2011, Levine’s work within the Cancer Genomic
Atlas framework indicated that up to 50% of cases of high-grade
serous ovarian cancer might be candidates for PARP inhibition,
based on a range of genetic defects in addition to BRCA 1/2
germline and somatic mutations [11]. The clinical relevance of
the observations was assessed in a clinical trial published in
2011, which demonstrated efficacy of olaparib in a series of
patients with sporadic, BRCA wild-type ovarian cancer, albeit at
a slightly lower level (24%) and confined mainly to patients with
platinum-sensitive disease [12].
The second line of investigation, which led directly to the

approval of olaparib by regulatory authorities in Europe, exam-
ined the use of the drug as a form of maintenance therapy and
approval is specifically for that indication. The key randomised
trial involved patients with platinum-sensitive relapsed disease
(n = 265) who received single-agent olaparib or placebo fol-
lowing platinum-based treatment. The median PFS increased
from 4.8 to 8.4 months [hazard ratio (HR) = 0.35] and overall
treatment was well tolerated. The trial had not selected for
patients with BRCA mutations, and mutation status was ini-
tially unknown in the majority of cases (64%) [13]. However,
retrospective analysis (of both germline and somatic BRCA
mutation status) indicated that 136 patients (51%) were posi-
tive for BRCA 1 or 2, and the treatment benefit in this sub-
group was even more marked [median PFS increasing to 11.2
months (HR = 0.17)] [14]. Other notable features in this retro-
spective analysis included the positive benefit in patients with
BRCA wild-type disease and in those with somatic BRCA
mutations and both these observations will be taken forward
in subsequent trials involving olaparib as well as two other
PARP inhibitors (niraparib and rucaparib, both of which have

shown comparable levels of efficacy and tolerability to olaparib
in BRCA germline mutation-positive and wild-type patients)
[15, 16].
Looking forward, a number of key issues regarding the clinical

utility of PARP inhibitors come to mind. As the use of this treat-
ment expands, further relapse and resistance to PARP inhibitors
will become increasingly recognised. Current data indicate that
resistance is likely to be multi-factorial; mechanisms including
the development of secondary BRCA mutation, enhanced drug
efflux relating to P-glycoprotein and changes in other repair
proteins such as 53BP1 may all be involved [17]. The collection
of tumour tissue in relapsing patients should be extremely in-
formative in this context, with tumour heterogeneity likely to
emerge as a key issue. Importantly, the clinical data suggest that
cross-resistance between PARP inhibitors and platinum-based
treatment is likely to be only partial [18]. Indeed, one of the
main differences between these forms of therapy is the evidence
that some patients (even with platinum-resistant disease) can
enjoy a prolonged disease-remission with a PARP inhibitor. For
example, in our own practice, we have a patient with platinum-
resistant disease who has been receiving olaparib for over 8
years and remains on treatment.
Returning to the issue of potential PARPi efficacy in BRCA—

wild-type cancer, other future developments are likely to
include the establishment of a laboratory assay which accurately
assesses HRD in ovarian cancer samples. A number of lines of
investigation have pursued this, including functional and immu-
nochemical assays, but the most promising appear to be two
genomic DNA-based assays both based on loss of heterozygosity
(LOH), which may reflect HRD and predict PARPi sensitivity ir-
respective of its cause.
These have been shown to correlate with pre-clinical (nira-

parib) [19] and clinical (rucaparib) [20] response to PARP inhi-
bitors, and are both being assessed in ongoing randomised trials
of maintenance therapy.
Finally, combination strategies involving PARP inhibitors are

likely to receive increasing attention in the coming months and
years. The utility of PARP inhibitors combined with cytotoxic
chemotherapy is of doubtful value, because of enhanced toxicity
of this combination, and because of data from a randomised
trial indicating that the main benefit (of olaparib) was as main-
tenance treatment as a single agent rather than in combination
concurrently with chemotherapy (carboplatin/paclitaxel) [21].
More promising strategies include the use of PARP inhibitors
together with antiangiogenic agents, or with inhibitors of the
P13K/AKT pathway. Both take advantage of pre-clinical obser-
vations indicating that it is possible to increase PARPi sensitivity
with a concurrent targeting agent [22, 23], and clinical studies
are already underway. The relevance of this, particularly in
respect of antiangiogenic agents is particularly clear when one
considers the potential treatment options for a patient with
BRCA mutation-positive platinum-sensitive relapsed ovarian
cancer. Bevacizumab presents one such option, based on the
clear evidence of benefit in the OCEANS trial [24], while ola-
parib presents another—as described above. The intriguing
notion is that the combination of the two approaches would be
more successful than either alone, and combinations of olaparib
together with the VEGFR TKI cediranib and with bevacizumab
are being taken forward with this in mind [25, 26].
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In summary, the first 10 years of the HRD story has been extra-
ordinarily productive and a new treatment for patients with
BRCA mutation-positive ovarian cancer (and hopefully others)
has emerged. But this is the beginning not the end of the story,
and careful clinical development taking account of lessons learnt
in the past 10 years is likely to lead to further major improve-
ments in the management of this disease in the next decade.

funding
SBK has received support from Cancer Research UK throughout
most of this time and is now supported through a National
Institute of Health Research Biomedical Research Centre grant
to the Royal Marsden Hospitail NHS Foundation Trust and the
Institute of Cancer Research.

disclosure
SBK has been an Advisory Board member for AstraZeneca,
Clovis and Tesaro.

references
1. Farmer H, McCabe N, Lord CJ et al. Targeting the DNA repair defect in BRCA

mutant cells as a therapeutic strategy. Nature 2005; 434: 917–921.
2. Bryant HE, Schultz N, Thomas HD et al. Specific killing of BRCA2-deficient

tumours with inhibitors of poly (ADP-ribose) polymerase. Nature 2005; 434:
913–917.

3. Plummer R, Jones C, Middleton M et al. Phase I study of the PARP inhibitor,
AGO14699 in combination with temozolomide in patients with advanced solid
tumours. Clin Cancer Res 2008; 14: 7917–7923.

4. Fong PC, Boss DS, Yap TA et al. Inhibition of poly (ADP-ribose) polymerase in
tumours from BRCA mutation carriers. NEJM 2009; 361: 123–134.

5. Fong P, Yap TA, Boss DS et al. Poly (ADP-ribose) polymerase inhibition. Frequent
durable responses in BRCA carrier ovarian cancer correlating with platinum-free
interval. J Clin Oncol 2010; 28: 2512–2159.

6. Audeh MW, Carmichael J, Penson RT et al. Oral poly (ADP-ribose) polymerase
inhibitor olaparib in patients with BRCA1 or BRCA 2 mutations and recurrent
ovarian cancer: a proof-of-concept trial. Lancet 2010; 376: 245–251.

7. Kaye SB, Lubinski J, Matulonis U et al. A phase II, open-label, randomized,
multicentre study to compare the efficacy and safety of olaparib, a poly(ADP-
ribose) polymerase (PARP) inhibitor, and pegylated liposomal doxorubicin (PLD) in
patients with BRCA1 or BRCA2 mutations and recurrent ovarian cancer. J Clin
Oncol 2012; 30(4): 372–379.

8. Safra T, Borgato L, Nicoletto M et al. BRCA mutation and determinant of outcome
in women with recurrent epithelial ovarian cancer, treated with pegylated liposomal
doxorubicin. Mol Cancer Ther 2011; 10: 2000–2007.

9. FDA News Release 19th December 2014.

10. Kaufman B, Shapira-Frommer R, Schmutzler RK, Audeh MW et al. Olaparib
monotherapy in patients with advanced cancer and a germ-line BRCA1/2
mutation. J Clin Oncol 2015; 33: 244–250.

11. Cancer Genome Atlas Research Network. Integrated genomic analysis of ovarian
carcinoma. Nature 2011; 474: 609–615.

12. Gelmon KA, Tischkowitz M, Mackay H et al. Olaparib in patients with recurrent
high-grade serous or poorly differentiated ovarian carcinoma or triple-negative
breast cancer. A phase 2 multicentre, open-label, non-randomised study. Lancet
Oncol 2011; 12: 852–861.

13. Ledermann J, Harter P, Gourley C et al. Olaparib maintenance therapy in platinum-
sensitive relapsed ovarian cancer. N Engl J Med 2011; 366: 1382–1392.

14. Ledermann J, Harter P, Gourley C et al. Olaparib maintenance therapy in patients
with platinum-sensitive relapsed ovarian cancer: a pre-planned retrospective
analysis of outcomes by BRCA status in a randomised phase 2 trial. Lancet Oncol
2014; 15: 852–861.

15. Sandhu SK, Schelman WR, Wilding G et al. The poly (ADP-ribose) polymerase
inhibitor niraparib (MK4827) in BRCA mutation carriers and patients with sporadic
cancer: a phase I dose-escalation trial. Lancet Oncol 2013; 14: 882–892.

16. Swisher E, Brenton J, Kaufman S, Oza A et al. 215 Updated clinical and
preliminary correlative results of ARIEL2 a phase II study to identify ovarian cancer
patients likely to respond to rucaparib. Eur J Cancer 2014; 50: p73.

17. Fojo T, Bates S. Mechanisms of resistance to PARP inhibitors. Cancer Discov
2013; 3: 20–23.

18. Ang JE, Gourley C, Powell CB et al. Efficacy of chemotherapy in BRCA 1/2
mutation carrier ovarian cancer in the setting of PARP inhibitor resistance: a multi-
institutional study. Clin Cancer Res 2012; 19: 5485–5493.

19. Haluska P, Timms KM, AlHilli M et al. Homologous recombination deficiency (HRD)
score and niraparib efficacy in high grade ovarian cancer. Eur J Cancer 2014; 50
(Suppl 6): 72–73.

20. McNeish I, Oza A, Coleman R et al. Results of ARIEL 2: a phase 2 trial to
prospectively identify ovarian cancer patients likely to respond to rucaparib using
tumour genetic analysis. J Clin Onc 2015; 33(suppl): abstr 5508.

21. Oza A, Cibula D, Oaknin A et al. Olaparib combined with chemotherapy for
recurrent platinum-sensitive ovarian cancer: a randomised phase 2 trial. Lancet
Oncol 2015; 16: 87–97.

22. Chan N, Bristow RG. ‘Contextual’ synthetic lethality and/or loss of heterozygosity:
tumour hypoxia and modification of DNA repair. Clin Cancer Res 2010; 16:
4553–4560.

23. Ibrahim YH, Garcia-Garcia C, Serra V et al. PI3K inhibition impairs BRCA1/2
expression and sensitises BRCA-proficient triple-negative breast cancer to PARP
inhibition. Cancer Discov 2012; 2: 1036–1047.

24. Aghajanian C, Blank S, Goff B et al. OCEANS: a randomised double-blind,
placebo-controlled phase III trial of chemotherapy with or without bevacizumab in
patients with platinum-sensitive recurrent epithelial ovarian, primary peritoneal or
fallopian tube cancer. J Clin Oncol 2013; 30: 2039–2045.

25. Liu J, Barry WT, Birrer M et al. Combination cediranib and olaparib versus olaparib
alone for women with recurrent platinum-sensitive ovarian cancer: a randomised
phase II study. Lancet Oncol 2014; 15: 1207–1214.

26. Dean E, Middleton M, Pwint T et al. Phase I study to assess the safety and
tolerability of olaparib in combination with bevacizumab in patients with advanced
solid tumours. Br J Cancer 2012; 106: 468–474.

Volume 27 | Supplement 1 | April 2016 doi:10.1093/annonc/mdw082 | i

Annals of Oncology symposium article



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


