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MEETING SUMMARY

This engaging symposium focussed on the rationale and current evidence supporting the role for 
poly(adenosine diphosphate-ribose) polymerase (PARP) inhibition in patients with cancer. The meeting 
opened with an overview of DNA repair and the biological basis for targeting this process in oncology, 
delivered by Prof Calvert. This was followed by a discussion from Prof Pujade-Lauraine that focussed on 
patient selection for PARP inhibition and the role for these agents in BRCA-mutated and BRCA-like cancers. 
Next, Prof Colombo presented a clinical scenario of BRCA-associated ovarian cancer and examined optimal 
treatment options in the first-line setting and for progressive disease. She also highlighted current clinical 
data and ongoing trials evaluating PARP inhibition in advanced ovarian cancer. Prof Tutt then discussed  
the potential role for PARP inhibitors in patients with breast cancer, focussing on a clinical scenario of  
triple-negative disease and emphasising current and investigational treatment options. Lastly, Prof Van 
Cutsem described emerging data and ongoing clinical studies evaluating PARP inhibition in the treatment 
of patients with pancreatic and gastric cancers, and how this could impact future clinical practice. The 
programme also included a PARP quiz, in which participants were polled at the beginning and conclusion 
of the symposium to examine their knowledge and practice patterns regarding the use of PARP inhibitors  
in oncology. The key highlights from these presentations and the PARP quiz are summarised herein.
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Why Target DNA Repair Mechanisms  
in Cancer? 

Professor Hilary Calvert 

Prof Calvert began by discussing the importance  
of DNA repair in maintaining genomic integrity.  
Cells endure approximately 10,000–30,000  
episodes of DNA damage on a daily basis as a result 
of replication errors, environmental factors, and  
other causes.1 This threat is met with five 
distinct repair pathways: recombinational repair  
(homologous recombination and non-homologous 
end joining [NHEJ]), nucleotide excision repair, 
mismatch repair, base excision repair (BER), and 
direct reversal. There is considerable redundancy 
within the DNA repair system, such that a defect 
in one pathway can be overcome by the action of 
a different pathway, and loss or mutation of one 
repair protein allele can often be compensated for 
by normal expression of the other allele. 

DNA damage repair has important implications 
in patients with cancer, including mutations in 
BRCA1 and BRCA2.2 BRCA mutation carriers 
with one dysfunctional gene can still perform 
homologous recombination due to the remaining 
normal gene. However, if DNA damage leads to 
loss of that remaining BRCA gene (a ‘second hit’), 
cells cannot perform homologous recombination 
repair and are forced to undertake the more error-
prone NHEJ instead. This results in accumulation of 
additional mutations and increased susceptibility  
to tumour formation. 

Prof Calvert described how this deficiency in DNA 
repair also creates the possibility of synthetic  
lethal interactions with drugs that inhibit alternative 
DNA repair pathways.2 Synthetic lethality results 
when inhibition of two pathways leads to cell 
death, while the loss of either pathway alone 
does not affect viability. Synthetic lethality has  
been elegantly illustrated by the inhibition of 
poly(adenosine diphosphate-ribose) polymerase 
(PARP) in cell lines and tumours with aberrant 
DNA repair mechanisms. Two articles published 
in Nature showed that cells deficient in BRCA1/2  
were highly sensitive to PARP inhibition and  
exhibited early cell death.3,4 In normal cells, 
PARP activity repairs single-strand breaks via 
BER. If a PARP inhibitor (PARPi) is present, the 
break will not be repaired and will lead to  
double-strand breaks during DNA replication. In  
cells with one or two functional BRCA genes,  
these double-strand breaks will be repaired by  

homologous recombination. However, homologous  
recombination cannot occur in BRCA-deficient cells, 
leading to collapse of the replication fork and cell 
death. Therefore, the synthetic lethal interaction 
elicited by PARPi in BRCA-mutated cancers is 
targeted to the tumour cells specifically. 

Prof Calvert emphasised that ongoing clinical trials 
are investigating PARPi alone and in combination 
regimens in cancers with BRCA mutations or 
deficiency in homologous recombination.2 The 
complex role of DNA repair in oncogenesis suggests 
that additional synthetic lethal interactions may be 
found with continued investigation. 

How to Identify Patients Who May 
Benefit From PARP Inhibitors 

Professor Eric Pujade-Lauraine 

Prof Pujade-Lauraine first asked participants to 
identify the greatest challenge they faced when 
ordering a BRCA test for a patient with advanced 
ovarian cancer. The responses were evenly divided 
between BRCA testing not being included in their 
country’s national guidelines, BRCA testing being 
restricted to subsets of ovarian cancer according 
to family history and/or young age, mandatory 
pre-test genetic counselling delaying results, and 
non-reimbursement of BRCA testing. Prof Pujade-
Lauraine agreed that there are substantial hurdles  
to BRCA testing, but emphasised that the time 
has come for incorporation of genetics into 
gynaecological oncology. 

BRCA testing benefits both patients and their  
families by providing information on prognosis, 
treatment decisions, and follow-up. A pooled  
analysis of 26 observational studies of ovarian  
cancer showed that BRCA1/2 carriers had 
significantly higher 5-year survival rates compared 
with non-carriers.5 This improvement in survival 
may be linked to increased sensitivity to platinum  
agents and PARPi, informing treatment decisions.1,6 
For families, BRCA testing provides risk assessment 
and the opportunity for prophylactic surgery to 
reduce cancer risk.

Prof Pujade-Lauraine then discussed which patients 
with ovarian cancer should be considered for  
BRCA testing. Several population-based studies 
indicate that younger age and family history are not 
good predictors of BRCA mutation, with a similar 
median age at diagnosis for BRCA1/2 mutation 
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carriers and non-carriers and approximately one-
third of BRCA1/2 mutation carriers having no family 
history of ovarian or breast cancer.7-10 Population-
based studies also demonstrated that histological 
type is not a foolproof predictor of BRCA status, 
with BRCA mutations detected in tumours of  
serous, endometrioid, and clear cell histology.8,9,11 

Current guidelines recommend BRCA mutation 
testing in all patients with epithelial ovarian cancer, 
regardless of age or family history.12,13 The current 
process for BRCA testing involves referral for 
genetic counselling and assessment of germline 
BRCA mutations. However, several studies suggest 
that an additional 5–7% of patients with ovarian 
cancer have somatic BRCA mutations within the 
tumour without germline mutations.14-16 While these 
somatic mutations do not have implications for the 
patient’s family, they can greatly impact treatment 
decisions, suggesting that tumour testing should 
also be considered. 

Ongoing efforts are focussed on validating  
methods to achieve accurate BRCA testing results. 
The emergence of next-generation sequencing 
(NGS) also creates the opportunity to detect 
mutations in other genes beyond BRCA1/2 that  
block homologous recombination function.16 
These types of mutations can confer sensitivity to  
PARPi and inform treatment decisions. The recently 
presented Phase II ARIEL2 trial investigated 
the ability of an NGS-based homologous  
recombination deficiency assay to predict benefit 
from the PARPi rucaparib in patients with platinum-
sensitive, high-grade serous or endometrioid  
ovarian cancer.17 Patients with BRCA-like tumours, 
defined by genome-wide loss of heterozygosity  
due to homologous recombination deficiency, 
achieved a median progression-free survival (PFS) 
benefit of 7.1 months, which was intermediate  
between the 9.4 months for BRCA-mutated tumours 
and 3.7 months for biomarker-negative tumours. 

Prof Pujade-Lauraine concluded by emphasising 
that BRCA testing should be utilised in every  
patient with ovarian cancer. BRCA mutations are 
also found in several other types of cancer, such as 
breast cancer, pancreatic ductal adenocarcinoma, 
and prostate cancer.1 BRCA mutation testing is 
currently recommended for patients with triple-
negative breast cancer (TNBC) who are less than  
50 years of age.18 Testing in other tumour types 
such as pancreatic and prostate cancers is  
investigational, but could identify patients who  
may benefit from PARPi.

What Is the Optimal Treatment 
Approach for BRCA-Associated 

Advanced Ovarian Cancer?

Professor Nicoletta Colombo

Prof Colombo began by asking the audience 
what first-line treatment they would choose  
for a 51-year-old patient with Stage IIIC, high- 
grade serous, BRCA-associated ovarian cancer. 
The responses varied widely, with 43% selecting  
standard paclitaxel/carboplatin followed by 
maintenance PARPi and 27% choosing to add 
bevacizumab to standard chemotherapy with 
bevacizumab maintenance therapy. Fewer selected 
standard q3w paclitaxel/carboplatin alone (14%), 
dose-dense paclitaxel plus carboplatin (10%), or 
intraperitoneal (IP) chemotherapy (4%).

Prof Colombo commented that q3w paclitaxel 
plus carboplatin has been the standard first-
line therapy for over a decade despite numerous  
clinical trials investigating substitution or addition 
of other chemotherapeutic agents.19 Addition of  
the antiangiogenic therapy bevacizumab improves 
PFS and is currently used in Europe as front-
line therapy with carboplatin/paclitaxel, followed 
by maintenance bevacizumab for a total of  
15 months.20-22 IP chemotherapy could also be 
considered, based on data from the Phase III 
Gynecologic Oncology Group (GOG) 172 trial 
showing that BRCA1-mutated ovarian cancer was 
highly sensitive to IP cisplatin/paclitaxel compared 
with intravenous chemotherapy (median overall 
survival [OS]: 84.1 versus 47.7 months; p=0.0002).23 
In fact, BRCA1 mutation was an independent 
predictor of better survival in patients receiving IP 
therapy (hazard ratio [HR]: 0.67; p=0.032). Data 
regarding dose-dense administration of first-line 
paclitaxel have been conflicting, with one study 
showing significant benefit in PFS and OS and two 
similar trials showing no benefit.24-26 Dose-dense 
first-line chemotherapy remains a reasonable  
option, but it is not clear whether this strategy  
offers a survival benefit.

While many participants indicated that they would 
recommend PARPi therapy in the front-line setting, 
Prof Colombo emphasised that this option is not  
yet approved and would require enrolment in a  
clinical trial. Several studies evaluating PARPi are  
underway or planned, including in combination  
with front-line chemotherapy and/or as  
maintenance therapy (Table 1). The Phase III 
SOLO1 trial is comparing the PARPi olaparib versus 
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Table 1: Select Phase III clinical trials of PARP inhibitors in ovarian cancer.

PARP: poly(adenosine diphosphate-ribose) polymerase.
Source: ClinicalTrials.gov

PARP inhibitor Study name Population Treatment Status

Front-line ovarian cancer

Olaparib SOLO1 BRCA1/2-mutated (+ somatic) Maintenance Closed to accrual

Olaparib PAOLA 1 High-grade serous or endometrioid Maintenance combination 
with bevacizumab

Accruing

Veliparib GOG-3005 High-grade serous carcinoma Combined with front-line 
chemotherapy and  

± maintenance

Accruing

Niraparib ENGOT Adaptive signature for homologous 
recombination-deficient, high-

grade serous carcinoma

Maintenance Proposed

Recurrent, platinum-sensitive ovarian cancer

Olaparib SOLO2 BRCA1/2-mutated 
(+ somatic)

Maintenance Closed to accrual

Olaparib SOLO3 BRCA1/2-mutated 
(+ somatic)

Monotherapy versus 
chemotherapy

Accruing

Niraparib NOVA High-grade serous carcinoma or 
BRCA1/2-mutated

Maintenance Closed to accrual

Rucaparib ARIEL3 High-grade serous or endometrioid Maintenance Accruing

Olaparib OVM 1403 High-grade serous carcinoma Olaparib versus olaparib/
cediranib versus 
chemotherapy

Open, not yet 
accruing 

Olaparib ICON 9 High-grade serous carcinoma Maintenance olaparib 
versus olaparib/cediranib

Not yet open

placebo as maintenance therapy in patients with 
BRCA-mutated advanced ovarian cancer following 
front-line chemotherapy;27 patient accrual is 
complete and results are eagerly awaited. The 
ongoing Phase III PAOLA 1 trial randomised  
patients following first-line chemotherapy to 
maintenance bevacizumab with either olaparib or 
placebo.28 If the SOLO1 and/or PAOLA 1 trials are  
positive, future selection of front-line therapy for  
BRCA-associated ovarian cancer may include the 
addition of olaparib as maintenance therapy.

Prof Colombo also asked the participants what 
second-line therapy they would recommend 
for platinum-sensitive, BRCA-mutated relapse 
following first-line paclitaxel/carboplatin. The 
majority selected carboplatin-based chemotherapy 
followed by olaparib maintenance (44%), although 
several also felt that a clinical trial of PARPi plus  
antiangiogenic therapy (22%) or carboplatin/
gemcitabine with bevacizumab followed by 
bevacizumab maintenance therapy (27%) were also 
reasonable options. 

Prof Colombo pointed out that two newly  
approved options, bevacizumab and olaparib, can  
now be added to standard second-line, platinum-
based therapy. Bevacizumab is approved in 
combination with carboplatin/gemcitabine as 
second-line therapy for platinum-sensitive disease 
based on a significant median PFS benefit over 
chemotherapy alone in the Phase III OCEANS study 
(HR: 0.484; p<0.0001).22,29 There are currently 
no predictive biomarkers for bevacizumab and it 
can only be utilised in first relapse. The second 
option, olaparib, was recently approved in Europe 
as maintenance therapy for platinum-sensitive, 
relapsed, BRCA-mutated, high-grade serous  
ovarian cancer based on the results of the Phase II  
Study 19.15 Maintenance olaparib showed an 
impressive improvement in median PFS of  
11.2 months compared with 4.3 months for placebo 
(HR: 0.18; p<0.0001). Olaparib can be given at first 
or subsequent relapse. 
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Exciting novel options are also emerging and may 
change future treatment of platinum-sensitive, 
relapsed ovarian cancer. For example, the  
randomised ICON6 trial30 demonstrated a  
significant benefit in median OS of 6 months when 
the antiangiogenic agent cediranib was added 
to front-line platinum-based chemotherapy and 
continued as maintenance therapy. This is the first 
trial to show an OS benefit for antiangiogenic  
therapy in relapsed ovarian cancer. Another  
promising strategy is the chemotherapy-free 
combination of cediranib and olaparib, which  
recently showed a significant improvement in  
median PFS of 17.7 months compared with  
9.0 months for olaparib alone in a randomised  
Phase II trial of patients with platinum-sensitive 
relapsed ovarian cancer (HR: 0.42; p=0.005).31  
Many clinical trials are examining PARPi in  
platinum-sensitive relapsed ovarian cancer,  
reflecting the increasing interest in this therapeutic 
strategy (Table 1).

Prof Colombo summarised by stating that patients 
with platinum-sensitive, relapsed, BRCA-mutated 
ovarian cancer have several options. Patients can be 
given gemcitabine/carboplatin with bevacizumab, 
reserving olaparib for subsequent platinum-
sensitive relapse. Alternatively, patients can 
receive carboplatin-based chemotherapy followed 
by olaparib maintenance therapy in responders, 
reserving bevacizumab for subsequent platinum-
resistant relapse. Ultimately, participation in clinical 
trials is always a good option in the front-line and 
relapsed setting, providing patients access to the 
best therapies available.

How Should PARP Inhibitors  
Be Incorporated in Breast  

Cancer Management? 

Professor Andrew Tutt 

Prof Tutt opened his presentation with a clinical 
scenario of a 37-year-old patient with BRCA1-
mutated TNBC, presenting 8 months after 
completion of anthracycline and taxane-based 
adjuvant therapy with asymptomatic recurrence 
in the liver and supraclavicular lymph nodes. 
The majority of attendees recommended 
platinum-based chemotherapy (35%), while 27%  
chose chemotherapy followed by PARPi 
maintenance therapy, and 21% chose 
chemotherapy plus a PARPi. Only 11% and  

6% recommended PARPi monotherapy or non- 
platinum chemotherapy, respectively.

Prof Tutt went on to emphasise the importance of 
homologous recombination deficiency in the risk 
of breast cancer. In addition to germline mutations 
in BRCA1, breast tumours themselves can have  
somatic mutations or promoter methylation of 
BRCA1, as well as mutation of RAD51C and other 
genes involved in regulation of homologous 
recombination.32 This results in genomic instability 
and accumulation of gene rearrangements, 
insertions, and deletions across the genome,  
leaving a ‘scar’ of the homologous recombination 
defect. Studies are now investigating whether  
these scars of homologous recombination 
deficiency, and other biomarkers of homologous 
recombination defects, may predict potential  
benefit from platinums and PARPi.

Although platinum chemotherapy is not the  
current standard of care for breast cancer as a  
whole, ongoing trials are evaluating platinum-
based chemotherapy in specific populations, 
including BRCA-mutated or BRCA-like tumours  
with homologous recombination deficiencies.33  
Prof Tutt described the recently reported results of  
the Phase III randomised TNT trial comparing  
carboplatin with docetaxel in patients with  
advanced TNBC or BRCA1/2-mutated breast 
cancer.34 While there were no significant differences 
in the primary endpoint of objective response for  
carboplatin versus docetaxel in unselected patients 
with TNBC or in patients with wild-type BRCA1/2, 
those with BRCA1/2 mutations achieved a doubled 
objective response rate (ORR) of 68.0% with 
carboplatin compared with 33.3% with docetaxel 
(p=0.03). When tumours were classified according 
to an NGS-based homologous recombination  
deficiency scar assay, high homologous  
recombination deficiency scores predicted 
increased responsiveness to both chemotherapies, 
not specifically carboplatin. In early-stage TNBC, 
the Phase II GeparSixto study35 evaluated non-
pegylated liposomal doxorubicin, paclitaxel, and 
bevacizumab with or without carboplatin. Tumours 
were tested for BRCA mutations and assessed  
for homologous recombination deficiency scar.35,36 
The addition of carboplatin significantly increased 
the rate of pathological complete response in 
patients with TNBC.35 Similarly to the TNT trial, the 
presence of a homologous recombination deficiency 
scar was predictive for higher responsiveness to 
chemotherapy in both treatment arms and was not 
specifically predictive for platinum response.36 
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Table 2: Select Phase II/III clinical trials evaluating PARP inhibitors in breast cancer.

*Rucaparib Window of Opportunity Study. Details available at: http://www.isrctn.com/ISRCTN92154110.
ABC: advanced breast cancer; carbo: carboplatin; MBC: metastatic breast cancer; pac: paclitaxel; PARP: 
poly(adenosine diphosphate-ribose) polymerase; TNBC: triple-negative breast cancer.
Source: ClinicalTrials.gov

PARP inhibitor Study name Phase Population Treatment Status

Early-stage breast cancer

Olaparib Olympia III BRCA1/2-mutated TNBC 
post neoadjuvant or 

adjuvant chemotherapy

Adjuvant therapy Accruing

Rucaparib RIO* II Newly diagnosed TNBC or 
germline BRCA1/2-mutated 

primary breast cancer

Short monotherapy 
course prior to surgery or 

neoadjuvant chemotherapy

Accruing

Veliparib BRIGHTNESS III Early-stage TNBC Neoadjuvant therapy Accruing

Advanced breast cancer

Olaparib OlympiAD III BRCA1/2-mutated, 
anthracycline/taxane 

pretreated ABC

Monotherapy versus 
physician choice 
chemotherapy

Accruing

Niraparib BRAVO III BRCA1/2-mutated, 
anthracycline/taxane 

pretreated ABC

Monotherapy versus 
physician choice 
chemotherapy

Accruing

Talazoparib EMBRACA III BRCA1/2-mutated, 
anthracycline/taxane 

pretreated ABC

Monotherapy versus 
physician choice 
chemotherapy

Accruing

Veliparib M12-895 II BRCA1/2-mutated MBC Veliparib + temozolomide 
versus veliparib + carbo/

pac versus placebo + 
carbo/pac

Accruing

Veliparib NCT02163694 III BRCA1/2-mutated,  
HER2-negative ABC,  

first to third-line 

Carbo/pac ± veliparib Accruing

Prof Tutt then pointed out that studies have 
also demonstrated promising activity for PARPi 
in patients with BRCA-mutated advanced 
breast cancer, including olaparib, niraparib, and  
talazoparib.37 A Phase II trial in BRCA-mutated 
advanced breast cancer demonstrated an ORR 
of 41% and 22% for two dose levels of olaparib.38 
Interestingly, this efficacy does not appear to  
extend to the general population of patients 
with sporadic TNBC, with a Phase II trial enrolling  
26 patients with advanced TNBC showing no 
objective responses to olaparib.39 

Prof Tutt concluded with a description of ongoing 
clinical trials evaluating PARPi therapy in breast 
cancer (Table 2). There is a suite of ongoing  
Phase III trials comparing the potent PARPi 
therapies olaparib (OlympiAD), niraparib (BRAVO), 
and talazoparib (EMBRACA) with standard 
chemotherapy in patients with BRCA1/2-mutated 

advanced breast cancer resistant to anthracyclines 
and taxanes.40-42 PARPis are also being evaluated in 
combination with non-standard chemotherapeutic 
agents such as temozolomide or carboplatin/
paclitaxel,43,44 and as neoadjuvant or adjuvant 
therapy for BRCA-mutated early breast cancer.45-47

What Are the Implications of PARP 
Inhibition in Pancreatic and  

Gastric Cancers? 

Professor Eric Van Cutsem

Prof Van Cutsem started his presentation with a 
clinical scenario, asking participants if they would 
consider BRCA testing for a 57-year-old patient  
with metastatic pancreatic cancer and a family 
history of ovarian and breast cancer. Sixty-one 
percent indicated that they would never or that  
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they would rarely consider BRCA testing for this 
type of patient, while 20% would test only if they 
knew there were carriers in the family. Only 20% said 
that they would always test for BRCA mutations.

Prof Van Cutsem then pointed out that pancreatic 
cancer is a very difficult disease to treat and,  
despite progress in recent years, there remains 
considerable room for improvement. DNA damage 
control is a key signalling pathway involved 
in pancreatic cancer and represents a novel  
therapeutic target.1 Germline BRCA1/2 mutations 
are found in approximately 5–7% of patients 
with unselected pancreatic cancer, with a higher  
frequency in patients with familial pancreatic 
cancer and/or an Ashkenazi Jewish heritage.48 
BRCA2 mutation carriers have a 3.5-fold increased 
risk of developing pancreatic cancer.1 Patients with 
BRCA mutations have a median age of diagnosis 
approximately 10 years younger than the general 
population, and data suggest a slightly more 
favourable outcome compared with non-BRCA-
mutated pancreatic cancer.

Prof Van Cutsem added that while large,  
randomised data on BRCA-mutated pancreatic 
cancer are lacking, experience at Memorial Sloan-
Kettering Cancer Center showed considerable 
sensitivity to platinum chemotherapy and PARPi  
in 15 patients with BRCA1/2-mutated pancreatic 

cancer.49 One patient who received PARPi 
monotherapy and two of three patients who 
received PARPi plus chemotherapy achieved a 
partial response. In addition, five of six patients who 
received first-line platinum-based chemotherapy 
responded. A recent Phase II basket trial of olaparib 
in various advanced cancers also demonstrated 
promising activity in 23 pretreated patients with 
BRCA-mutated pancreatic cancer, including an ORR 
of 21.7%, median PFS of 4.6 months, and median 
OS of 9.8 months.50 Several ongoing trials are  
evaluating the role for PARPi in pancreatic cancer, 
including olaparib, veliparib, and rucaparib 
in previously untreated or previously treated  
advanced pancreatic cancer (Table 3).51-53 

Prof Van Cutsem then discussed the investigation  
of PARP inhibition in gastric cancer. While the 
prevalence of BRCA mutations in gastric cancer 
is relatively low, reduced expression of another 
gene involved in double-strand break repair, 
ataxia telangiectasia mutated (ATM), has been 
observed in gastric cell lines.54 ATM expression 
is low or undetectable in 13–22% of gastric 
cancer patients, which is associated with shorter 
survival.55,56 Interestingly, gastric cell lines with low 
ATM expression have demonstrated sensitivity 
to olaparib, creating a rationale for investigation  
of PARPi.57

Table 3: Selected clinical trials of PARP inhibitors in pancreatic cancer.

PARP: poly(adenosine diphosphate-ribose) polymerase.
Source: ClinicalTrials.gov

PARP inhibitor Study name Phase Population Treatment Status

Olaparib POLO III BRCA1/2-mutated metastatic 
pancreatic cancer without 

progression following first-line 
platinum chemotherapy

Monotherapy 
maintenance versus 

placebo

Accruing

Olaparib NCT01296763 I/II Advanced pancreatic cancer Irinotecan, cisplatin, 
mitomycin C ± 

olaparib

Closed to 
accrual

Veliparib NCT01489865 I/II Metastatic pancreatic cancer, 
untreated and previously treated

In combination with 
modified FOLFOX6

Accruing

Veliparib NCT01585805 I/II BRCA or PALB2-mutated 
advanced pancreatic cancer, 

untreated or previously treated

Gemcitabine, 
cisplatin ± veliparib

Accruing

Rucaparib RUCAPANC II BRCA1/2-mutated pancreatic 
cancer, relapsed disease after 1–2 

prior lines of therapy 

Monotherapy Closed to 
accrual



 ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL  ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL 56 57

REFERENCES

1. O’Sullivan CC et al. Beyond breast 
and ovarian cancers: PARP inhibitors for 
BRCA mutation-associated and BRCA-
like solid tumors. Front Oncol. 2014;4:42.
2. Krajewska M et al. Regulators of 
homologous recombination repair as 
novel targets for cancer treatment. Front 
Genet. 2015;6:96.
3. Bryant HE et al. Specific killing of 
BRCA2-deficient tumours with inhibitors 
of poly(ADP-ribose) polymerase. Nature. 
2005;434(7035):913-7.
4. Farmer H et al. Targeting the DNA 
repair defect in BRCA mutant cells 
as a therapeutic strategy. Nature. 
2005;434(7035):917-21.
5. Bolton KL et al; EMBRACE; kConFab 
Investigators; Cancer Genome Atlas 
Research Network. Association between 
BRCA1 and BRCA2 mutations and survival 
in women with invasive epithelial ovarian 
cancer. JAMA. 2012;307(4):382-90.
6. Benafif S, Hall M. An update on PARP 
inhibitors for the treatment of cancer. 
Onco Targets Ther. 2015;8:519-28.
7. Walsh T et al. Mutations in 12 genes 
for inherited ovarian, fallopian tube, 
and peritoneal carcinoma identified by 
massively parallel sequencing. Proc Natl 
Acad Sci U S A. 2011;108(44):18032-7.

8. Soegaard M et al. BRCA1 and 
BRCA2 mutation prevalence and 
clinical characteristics of a population-
based series of ovarian cancer cases 
from Denmark. Clin Cancer Res. 
2008;14(12):3761-7.

9. Alsop K et al. BRCA mutation frequency 
and patterns of treatment response 
in BRCA mutation-positive women 
with ovarian cancer: a report from the 
Australian Ovarian Cancer Study Group. J 
Clin Oncol. 2012;30(21):2654-63.

10. Song H et al. The contribution of 
deleterious germline mutations in BRCA1, 
BRCA2 and the mismatch repair genes 
to ovarian cancer in the population. Hum 
Mol Genet. 2014;23(17):4703-9.

11. Risch HA et al. Population BRCA1 
and BRCA2 mutation frequencies and 
cancer penetrances: a kin-cohort study 
in Ontario, Canada. J Natl Cancer Inst. 
2006;98(23):1694-706.

12. National Comprehensive Cancer 
Network. Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®): Genetic/
Familial High-Risk Assessment: Breast 
and Ovarian. V2.2015. Available at: www.
nccn.org/professionals/physician_gls/f_
guidelines.asp#detection. Last accessed: 
26 October 2015.

13. Society of Gynecologic Oncology 
(SGO). SGO Clinical Practice Statement: 
Genetic Testing for Ovarian Cancer. 
October 2014. Available at: www.sgo.
org/clinical-practice/guidelines/genetic-
testing-for-ovarian-cancer. Last accessed: 
26 October 2015.

14. Cancer Genome Atlas Research 
Network. Integrated genomic 
analyses of ovarian carcinoma. Nature. 
2011;474(7353):609-15.

15. Ledermann J et al. Olaparib 
maintenance therapy in patients with 
platinum-sensitive relapsed serous 
ovarian cancer: a preplanned retrospective 
analysis of outcomes by BRCA status in a 
randomised phase 2 trial. Lancet Oncol. 
2014;15(8):852-61.

16. Pennington KP et al. Germline and 
somatic mutations in homologous 
recombination genes predict platinum 
response and survival in ovarian, fallopian 
tube, and peritoneal carcinomas. Clin 
Cancer Res. 2014;20(3):764-75.

17. McNeish IA et al. Results of ARIEL2: 
a Phase 2 trial to prospectively identify 
ovarian cancer patients likely to respond 
to rucaparib using tumor genetic 
analysis. J Clin Oncol. 2015;33(suppl): 
Abstract 5508. ASCO Annual Meeting,  

Please click here to see a webcast of the live meeting.

Prof Van Cutsem described results from a recent 
Phase II randomised trial comparing paclitaxel/
olaparib with paclitaxel/placebo, followed by 
maintenance olaparib or placebo, in patients with 
recurrent or metastatic gastric cancer.54 Patients 
were tested for ATM expression and the study 
population was enriched for low or undetectable 
ATM levels. The addition of olaparib to paclitaxel  
did not significantly improve median PFS (the 
primary endpoint). However, olaparib/paclitaxel 
significantly prolonged median OS in the total 
patient population (13.1 versus 8.3 months,  
HR: 0.56; p=0.005) and in the cohort with low ATM  
expression (not reached versus 8.2 months,  
HR: 0.35; p=0.002). An ongoing Phase III trial 
in Asia is further exploring this combination in 
patients with advanced gastric cancer and disease  
progression following first-line therapy.58 

Conclusions

Participants responded to polling questions on  
PARPi before and after the symposium in order 
to assess their learning. Attendees demonstrated 
increased knowledge regarding the role of BRCA 
mutations in prognosis and response to therapy in 
patients with ovarian cancer, with correct responses 
increasing from 54% to 80%. Clinicians also 
demonstrated increased understanding of which 
types of patients are most likely to have BRCA 
deficiency, including patients with TNBC, high- 
grade serous ovarian cancer, and pancreatic 
cancer with a family history. In addition, 90% of  
participants correctly answered that ATM is 
a potential predictive biomarker for PARPi 
sensitivity in gastric cancer, compared with 40% 
at the beginning of the symposium. Prof Calvert  
concluded by emphasising that PARPi represent an 
important innovation in the field of oncology and 
open the door for other novel therapies inhibiting 
DNA repair.



 ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL  ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL 56 57

29 May-2 June 2015.
18. Kwon JS et al. Expanding the criteria for 
BRCA mutation testing in breast cancer 
survivors. J Clin Oncol. 2010;28(27): 
4214-20.
19. du Bois A et al; Gynecologic Cancer 
Intergroup; AGO-OVAR; ANZGOG; 
EORTC; GEICO; GINECO; GOG; JGOG; 
MRC/NCRI; NCIC-CTG; NCI-US; NSGO; 
RTOG; SGCTG; IGCS; Organizational 
team of the two prior International 
OCCC. 2004 consensus statements on 
the management of ovarian cancer: 
final document of the 3rd International 
Gynecologic Cancer Intergroup Ovarian 
Cancer Consensus Conference (GCIG 
OCCC 2004). Ann Oncol. 2005;16 Suppl 
8:viii7-viii12.
20. Burger RA et al; Gynecologic Oncology 
Group. Incorporation of bevacizumab in 
the primary treatment of ovarian cancer. 
N Engl J Med. 2011;365(26):2473-83.
21. Perren TJ et al; ICON7 Investigators. A 
phase 3 trial of bevacizumab in ovarian 
cancer. N Engl J Med. 2011;365(26): 
2484-96.
22. European Medicines Agency. 
Avastin (bevacizumab) – Summary 
of Product Characteristics. 2015. 
Available at: www.ema.europa.eu/
ema/index.jsp?curl=pages/medicines/
human/medicines/000582/human_
med_000663.jsp. Last accessed: 26 
October 2015.
23. Lesnock JL et al. BRCA1 expression 
and improved survival in ovarian cancer 
patients treated with intraperitoneal 
cisplatin and paclitaxel: a Gynecologic 
Oncology Group Study. Br J Cancer. 
2013;108(6):1231-7.
24. Katsumata N et al; Japanese 
Gynecologic Oncology Group. Long-
term results of dose-dense paclitaxel 
and carboplatin versus conventional 
paclitaxel and carboplatin for treatment 
of advanced epithelial ovarian, fallopian 
tube, or primary peritoneal cancer (JGOG 
3016): a randomised, controlled, open-
label trial. Lancet Oncol. 2013;14(10): 
1020-6.
25. Pignata S et al; Multicentre Italian 
Trials in Ovarian cancer (MITO-7); 
Groupe d’Investigateurs Nationaux pour 
l’Etude des Cancers Ovariens et du sein 
(GINECO); Mario Negri Gynecologic 
Oncology (MaNGO); European Network 
of Gynaecological Oncological Trial 
Groups (ENGOT-OV-10); Gynecologic 
Cancer InterGroup (GCIG) Investigators. 
Carboplatin plus paclitaxel once a 
week versus every 3 weeks in patients 
with advanced ovarian cancer (MITO-
7): a randomised, multicentre, open-
label, phase 3 trial. Lancet Oncol. 
2014;15(4):396-405.
26. Chan J et al. Phase III trial of every-
3-weeks paclitaxel vs. dose dense 

weekly paclitaxel with carboplatin 
+/- bevacizumab in epithelial ovarian, 
peritoneal, fallopian tube cancer: GOG 
262 (NCT01167712). Int J Gynecol Cancer. 
2013;23(8 Suppl 1):9-10. 
27. National Institutes of Health. A phase 
III, randomised, double blind, placebo 
controlled, multicentre study of olaparib 
maintenance monotherapy in patients 
with BRCA mutated advanced (FIGO 
stage III-IV) ovarian cancer following 
first line platinum based chemotherapy. 
NCT01844986. https://clinicaltrials.gov/
ct2/show/NCT01844986.
28. National Institutes of Health. Platine, 
Avastin and olaparib in 1st Line (PAOLA-1). 
NCT02477644. https://clinicaltrials.gov/
show/NCT02477644. 
29. Aghajanian C et al. OCEANS: A 
randomized, 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. 
2012;30(17):2039-45.
30. Ledermann JA et al. Randomized 
double-blind phase III trial of cediranib 
(AZD 2171) in relapsed platinum-sensitive 
ovarian cancer: results of the ICON6 trial. 
Eur J Cancer. 2013;49(Suppl 3): Abstract 
LBA10. European Cancer Conference, 27 
September-1 October 2013.
31. Liu JF et al. Combination cediranib and 
olaparib versus olaparib alone for women 
with recurrent platinum-sensitive ovarian 
cancer: a randomised phase 2 study. 
Lancet Oncol. 2014;15(11):1207-14.
32. Watkins JA et al. Genomic scars as 
biomarkers of homologous recombination 
deficiency and drug response in breast 
and ovarian cancers. Breast Cancer Res. 
2014;16(3):211.
33. Sikov WM. Assessing the role of 
platinum agents in aggressive breast 
cancers. Curr Oncol Rep. 2015;17(2):3.
34. Tutt A et al. The TNT trial: A randomized 
phase III trial of carboplatin (C) compared 
with docetaxel (D) for patients with 
metastatic or recurrent locally advanced 
triple negative or BRCA1/2 breast cancer 
(CRUK/07/012). Abstract S3-01. San 
Antonio Breast Cancer Symposium, 9–13 
December 2014.
35. von Minckwitz G et al. Neoadjuvant 
carboplatin in patients with triple-
negative and HER2-positive early 
breast cancer (GeparSixto; GBG 66): a 
randomised phase 2 trial. Lancet Oncol. 
2014;15(7):747-56.
36. von Minckwitz G et al. Prediction 
of pathological complete response 
(pCR) by homologous recombination 
deficiency (HRD) after carboplatin-
containing neoadjuvant chemotherapy 
in patients with TNBC: results 
from GeparSixto. J Clin Oncol. 

2015;33(suppl): Abstract 1004. ASCO 
Annual Meeting, 29 May-2 June 2015.
37. Audeh MW. Novel treatment strategies 
in triple-negative breast cancer: specific 
role of poly(adenosine diphosphate-
ribose) polymerase inhibition. 
Pharmgenomics Pers Med. 2014;7:307-16.
38. Tutt A et al. Oral poly(ADP-ribose) 
polymerase inhibitor olaparib in patients 
with BRCA1 or BRCA2 mutations and 
advanced breast cancer: A proof-of-
concept trial. Lancet. 2010;376(9737): 
235-44.
39. Gelmon KA 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(9):852-61.
40. National Institutes of Health. 
Assessment of the efficacy and safety of 
olaparib monotherapy versus physicians 
choice chemotherapy in the treatment 
of metastatic breast cancer patients 
with germline BRCA1/2 mutations. 
(OlympiAD). NCT02000622. https://
clinicaltrials.gov/show/NCT02000622. 
41. National Institutes of Health. A phase 
III trial of niraparib versus physician’s 
choice in HER2 negative, germline 
BRCA mutation-positive breast cancer 
patients (BRAVO). NCT01905592. https://
clinicaltrials.gov/show/NCT01905592.
42. National Institutes of Health. A study 
evaluating talazoparib (BMN 673), a 
PARP inhibitor, in advanced and/or 
metastatic breast cancer patients with 
BRCA mutation (EMBRACA study). 
NCT01945775. https://clinicaltrials.gov/
show/NCT01945775. 
43. National Institutes of Health. The 
study evaluating efficacy and tolerability 
of veliparib in combination with 
temozolomide or in combination with 
carboplatin and paclitaxel versus placebo 
in subjects with BRCA1 and BRCA2 
mutation and metastatic breast cancer. 
NCT01506609. https://clinicaltrials.gov/
show/NCT01506609.
44. National Institutes of Health. A 
phase 3 randomized, placebo-controlled 
trial of carboplatin and paclitaxel with 
or without veliparib (ABT-888) in 
HER2-negative metastatic or locally 
advanced unresectable BRCA-associated 
breast cancer. NCT02163694. https://
clinicaltrials.gov/show/NCT02163694.
45. National Institutes of Health. Olaparib 
as adjuvant treatment in patients with 
germline BRCA mutated high risk 
HER2 negative primary breast cancer 
(OlympiA). NCT02032823. https://
clinicaltrials.gov/show/NCT02032823.
46. ISRCTN registry. Rucaparib window 
of opportunity study. Available at: http://
www.isrctn.com/ISRCTN92154110. Last 
accessed: 4 October 2015.



 ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL  ONCOLOGY  •  November 2015   EMJ  EUROPEAN MEDICAL JOURNAL 58 59

47. National Institutes of Health. A study 
evaluating safety and efficacy of the 
addition of ABT-888 plus carboplatin 
versus the addition of carboplatin to 
standard chemotherapy versus standard 
chemotherapy in subjects with early 
stage triple negative breast cancer. 
NCT02032277. https://clinicaltrials.gov/
show/NCT02032277.

48. Holter S et al. Germline BRCA 
mutations in a large clinic-based cohort of 
patients with pancreatic adenocarcinoma. 
J Clin Oncol. 2015;33(28):3124-9.

49. Lowery MA et al. An emerging entity: 
pancreatic adenocarcinoma associated 
with a known BRCA mutation: clinical 
descriptors, treatment implications, 
and future directions. Oncologist. 
2011;16(10):1397-402.

50. Kaufman B et al. Olaparib monotherapy 
in patients with advanced cancer and a 
germline BRCA1/2 mutation. J Clin Oncol. 
2015;33(3):244-50.

51. Kindler HL et al. POLO: A randomized 

phase III trial of olaparib tablets in patients 
with metastatic pancreatic cancer 
(mPC) and a germline BRCA1/2mutation 
(gBRCAm) who have not progressed 
following first-line chemotherapy. J 
Clin Oncol. 2015;33(suppl): Abstract 
TPS4149. ASCO Annual Meeting,  
29 May–2 June 2015.
52. Pishvaian MJ et al. A phase I/II 
study of ABT-888 in combination with 
5-fluorouracil (5-FU) and oxaliplatin (Ox) 
in patients with metastatic pancreatic 
cancer (MPC). J Clin Oncol. 2013;31(suppl 
4): Abstract 147. Gastrointestinal Cancers 
Symposium, 24–26 January 2013.
53. Domchek SM et al. A phase 2, open-
label study of rucaparib in patients 
with pancreatic cancer and a known 
deleterious BRCA mutation. J Clin Oncol. 
2014;32(5s): Abstract TPS4161. ASCO 
Annual Meeting, 30 May–3 June 2014.
54. Bang YJ et al. Randomized, Double-
Blind Phase II Trial With Prospective 
Classification by ATM Protein Level to 
Evaluate the Efficacy and Tolerability of 

Olaparib Plus Paclitaxel in Patients With 
Recurrent or Metastatic Gastric Cancer. 
J Clin Oncol. 2015;pii: JCO.2014.60.0320. 
[Epub ahead of print].

55. Kim JW et al. Ataxia-telangiectasia-
mutated protein expression with 
microsatellite instability in gastric cancer 
as prognostic marker. Int J Cancer. 
2014;134(1):72-80.

56. Kim HS et al. Concordance of 
ATM (ataxia telangiectasia mutated) 
immunohistochemistry between biopsy 
or metastatic tumor samples and primary 
tumors in gastric cancer patients. 
Pathobiology. 2013;80(3):127-37.

57. Kubota E et al. Low ATM protein 
expression and depletion of p53 correlates 
with olaparib sensitivity in gastric cancer 
cell lines. Cell Cycle. 2014;13(13):2129-37.

58. National Institute of Health. Efficacy 
and safety study of olaparib in combination 
with paclitaxel to treat advanced 
gastric cancer. NCT01924533. https://
clinicaltrials.gov/show/NCT01924533.

If you would like reprints of any article, contact: 01245 334450.


