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Background: Homologous recombination repair (HRR) enables fault-free repair of double-stranded DNA breaks. HRR
deficiency is predicted to occur in around half of high-grade serous ovarian carcinomas. Ovarian cancers harbouring
HRR deficiency typically exhibit sensitivity to poly-ADP ribose polymerase inhibitors (PARPi). Current guidelines
recommend a range of approaches for genetic testing to identify predictors of sensitivity to PARPi in ovarian cancer
and to identify genetic predisposition.

Design: To establish a European-wide consensus for genetic testing (including the genetic care pathway), decision
making and clinical management of patients with recently diagnosed advanced ovarian cancer, and the validity of
biomarkers to predict the effectiveness of PARPi in the first-line setting. The collaborative European experts’
consensus group consisted of a steering committee (n = 14) and contributors (n = 84). A (modified) Delphi process
was used to establish consensus statements based on a systematic literature search, conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines.

Results: A consensus was reached on 34 statements amongst 98 caregivers (including oncologists, pathologists, clinical
geneticists, genetic researchers, and patient advocates). The statements concentrated on (i) the value of testing for
BRCA1/2 mutations and HRR deficiency testing, including when and whom to test; (ii) the importance of developing
new and better HRR deficiency tests; (iii) the importance of germline non-BRCA HRR and mismatch repair gene
mutations for predicting familial risk, but not for predicting sensitivity to PARPi, in the first-line setting; (iv) who
should be able to inform patients about genetic testing, and what training and education should these caregivers
receive.

Conclusion: These consensus recommendations, from a multidisciplinary panel of experts from across Europe, provide
clear guidance on the use of BRCA and HRR deficiency testing for recently diagnosed patients with advanced ovarian
cancer.

Key words: ovarian cancer, BRCA1/2, homologous recombination deficiency, PARP inhibition, genetic counselling,
mainstream genetic testing
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systematic investigations of genomic and molecular alter-
ations that drive ovarian cancer with the aim of identifying
patients who may respond to targeted therapies. In normal
cells, DNA damage occurs continuously due to a range of
factors including intracellular metabolism, replication, and
exposure to genotoxic agents. If unrepaired, this damage
could result in mutations within the cell genomic material
and therefore necessitates a complex network of repair
pathways for the maintenance of genomic integrity.”

Homologous recombination repair (HRR) is the critical
eukaryotic pathway that enables fault-free repair of double-
stranded DNA breaks. HRR relies on a number of proteins
including BRCA1 and BRCA2, proteins of the Mrel1-Rad50-
Nbsl (MRN) complex, CtIP, MRE11, RAD51, ATM, H2AX,
PALB2, RPA, RAD52, and the Fanconi anaemia pathway
proteins.>* In cells where HRR is non-functioning, for
example, due to BRCA1 or BRCA2 deficiency, other pathways
are utilised such as non-homologous end joining (NHEJ).
However, because NHEJ can result in error-prone repair, it
can lead to the accumulation of additional DNA amplifica-
tions or deletions resulting in chromosomal instability.””

Until recently, hereditary ovarian cancer was thought to
be the result of mutations in BRCA1 and BRCA2 genes
(BRCA1/2m), with a minor contribution from aberrations in
DNA mismatch repair (MMR) genes.® Further characterisa-
tion of the homologous recombination (HR) pathway has
revealed multiple protein co-factors that are necessary for
functional HRR including RAD51C, RAD51D, BRIP1, PALB2,
and BARD1, and mutations in the genes that encode these
proteins could also contribute to hereditary ovarian can-
cer.®? Deficiency in DNA damage repair due to dysfunc-
tional HRR is referred to as HRR deficiency.

High-grade serous ovarian carcinoma, also known as high-
grade serous tubo-ovarian carcinoma, includes cancers that
originate from fallopian tube epithelium and arise primarily
from the ovaries, fallopian tubes, or the peritoneum.™
Depending on the population studied, up to 30% of high-
grade serous ovarian carcinomas harbour germline or so-
matic HRR mutations.'*? Of note, 13%-21% harbour
germline BRCA1/2 mutations (gBRCA1/2m) and an addi-
tional 6% harbour somatic BRCA1/2 mutations (sBRCA1/
2m).*"***° For patients with HRR deficiency caused by
BRCA1/2m, future treatment options are augmented by
poly-ADP ribose polymerase inhibitors (PARPi) and a
growing list of other possible targeted therapies. However,
although HRR mutations are detected in 30% of patients, up
to half of high-grade serous ovarian carcinomas are pre-
dicted to be defective in HRR.'® Ovarian cancers harbouring
such HRR deficiency typically also respond to platinum-
based chemotherapy regimens and exhibit sensitivity to
PARPi."”*® The establishment of an infrastructure for wide-
spread HRR deficiency testing is therefore imperative for the
effective management of these patients. In recent years,
PARPi have changed the ovarian cancer treatment landscape
in both the first-line and relapsed disease settings."?*
However, reversion mutations, which confer resistance to
PARPi, have been reported in some BRCAm ovarian cancer
patients after long-term exposure to PARPi.”>*®
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While it has been established that BRCA1/2m are effec-
tive predictors of sensitivity to PARPi in ovarian cancer,
current guidelines recommend a range of approaches with
regard to gBRCA1/2 testing. Knowledge about a germline
pathogenic variant may have not only therapeutic and
prognostic implications but also clinical implications for
relatives, who are at risk of carrying the same variant. The
American Society for Clinical Oncology (ASCO) recommends
that all patients diagnosed with epithelial ovarian cancer
should undergo germline genetic testing of BRCA1/2 genes,
and also other known ovarian cancer susceptibility genes.
ASCO further recommends that patients who do not carry a
gBRCA1/2m should undergo genetic tumour testing for
somatic mutations in BRCA1/2 and other commonly
mutated genes. Patients with epithelial ovarian cancer
should have testing at the time of diagnosis.”” The Society
of Gynecologic Oncology (SGO) recommends BRCA1/2
testing for all patients with epithelial ovarian, tubal, and
peritoneal cancers, even in the absence of a familial his-
tory.”® The European Society of Gynaecological Oncology
(ESGO) and the European Society of Medical Oncology
(ESMO) joint guidelines recommend testing for BRCA1/2m
for all patients with non-mucinous ovarian cancer.? Whilst
the current ESMO and ASCO guidelines indicate that HRR
deficiency tests are useful for predicting benefit from PARPi,
they acknowledge that current biomarkers of non-BRCA
HRR mutations are insufficient for guiding use of PARPi in
high-grade serous ovarian cancer.'*?’

The focus of this policy review was to establish a
European-wide consensus with regard to molecular testing
(including the genetic care pathway), decision making, and
clinical management of patients with recently diagnosed
advanced ovarian cancer, and also the validity of biomarkers
to predict the effectiveness of PARPi in the first-line setting.
Our ambition was to establish a consensus based on the
opinions of experts from a large cross-section of specialties
all over Europe. Our emphasis was optimisation of the ge-
netic testing and treatment pathway to identify recently
diagnosed patients who would likely benefit from PARPi,
based on the current scientific understanding and available
data and not what is possible, or current practice, in the
individual countries of the contributing specialists.

OVERVIEW OF CONSENSUS METHODOLOGY

A European experts’ consensus group was convened to
review the role of BRCA and HRR deficiency testing in
ovarian cancer. Our approach was collaborative, incorpo-
rating a panel of experts including a chairperson, steering
committee (n = 13), and contributors (n = 84) from a range
of specialties, e.g. oncologists involved in the care of
ovarian cancer patients (n = 66), geneticists (n = 13), pa-
thologists (n = 9), patient advocates (n = 5), molecular
biologists (n = 4), as well as an expert in pharmaco-
economics. The steering committee members were
selected based on their expertise as documented by topic-
relevant publications. The chair and steering committee
selected the contributors based on their knowledge and
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experience within specialisms and from across 27 European
countries, with one contributor based in the United States.
The roles and responsibilities of the different members of
the consensus group are provided in Supplementary
Table S1, available at https://doi.org/10.1016/j.annonc.
2021.11.013.

A (modified) Delphi process was used to establish
consensus as outlined in Figure 1. A systematic literature
search was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses guidelines
to gather data on the use of biomarkers, such as gBRCAm/
SBRCAmM/HRR deficiency, for determining the effectiveness
of PARPi in patients with recently diagnosed ovarian can-
cer. Full details of the literature search methodology, search
terms, search strategy and evidence grading strategy can
be found in the Supplementary Appendix, Supplementary
Tables S2-S4, respectively, available at https://doi.org/1
0.1016/j.annonc.2021.11.013.

Results of the literature search were used to develop
consensus statements on the following topics:

1. BRCA testing following a diagnosis of ovarian cancer
. HRR deficiency

. Non-BRCA HRR genes

. Mutations in MMR genes

. Genetic testing in the clinic

ua b wnN

Consensus statements were agreed by the chair and
steering committee for inclusion in a survey. A multiple-
choice format was chosen for collecting responses, and a
five-point Likert scale (strongly agree, agree, undecided,
disagree, and strongly disagree) was applied where
appropriate. All panel members were invited to complete
the survey before attending the consensus meeting.
Consensus was defined according to the survey results,
with @ minimum agreement threshold of 75% of re-
spondents agreeing (strongly agree/agree) with a survey
statement. Statements not receiving consensus were dis-
cussed and refined during the consensus meeting.

In June 2021, all contributors attended a virtual meeting
to discuss the results of the consensus survey. Statements
for which there was consensus agreement were not dis-
cussed unless specific questions were raised. Statements
that were close to reaching a consensus (65%-<75%
agreement) were discussed, and restructured in some cases
(for clarity of understanding), before the statements were
voted on again. All changes were agreed by vote. State-
ments without consensus (<65% agreement) were dis-
cussed during breakout sessions and revisions to the
statements made. Revised statements were then voted on
by all contributors in a second survey round post-meeting.
Overview of the agreement at each stage is outlined in
Supplementary Figure S1, available at https://doi.org/10.
1016/j.annonc.2021.11.013.

RESULTS

Following the literature search and article screening, 160
articles/meta-analyses/recent conference abstracts were
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identified (Supplementary Figure S2, available at https://
doi.org/10.1016/j.annonc.2021.11.013) in the following
categories: sensitivity to PARPi, phase Il and Il studies,
phase | studies, meta-analyses, testing/assays of interest,
health economics, quality of life, genetic counselling/
testing, clinical and laboratory testing. A full list of all arti-
cles retrieved from the literature search, along with their
level of evidence, is provided in the Supplementary
Appendix, available at https://doi.org/10.1016/j.annonc.
2021.11.013.

Consensus statements are grouped by category, followed
by supporting evidence from the literature search and,
where appropriate, comments from the discussions at the
consensus meeting.

BRCA testing following a diagnosis of ovarian cancer

Consensus statements are shown in Table 1.

HRR deficiency in ovarian cancer, through BRCA1/2m, has
been well characterised. Cumulative ovarian cancer risk
ranges from 39% to 65% for carriers of gBRCA1 and from
11% to 37% for gBRCA2 carriers,”®? compared with only
1.4% of women in the general population.®® Although, as
mentioned above, ESMO—ESGO, ASCO, and SGO recom-
mendations for determination of BRCA status are not fully
aligned, BRCA testing is recommended for patients with
ovarian cancer, with ASCO guidelines recommending
germline testing for all patients diagnosed with epithelial
cancer and ESMO—ESGO guidelines recommending testing
for all patients with non-mucinous ovarian cancer.’-?
Such recommendations are based on clinical implications
for family members when a germline mutation is detected
and prognostic implications for the patient as BRCA status is
predictive of response to targeted therapies, such as PARPi.

Our literature review captured high-quality data, pub-
lished from clinical trials of PARPi in patients with platinum-
sensitive recurrent ovarian cancer, including olaparib (Study

l. Vergote et al.

19), niraparib (NOVA and NSGO-AVANOVA2/ENGOT-ov24),
and rucaparib (ARIEL3 and ARIEL2).°%**3’ Results from
these studies show that clinical outcomes are similarly
improved in patients with sBRCAm and gBRCAm, compared
with patients with wild-type (WT) BRCA. Furthermore, two
open-label, randomised phase Il studies suggest that when
a PARPi is compared with the combination of PARPi with an
anti-angiogenic, a more pronounced effect is seen with the
combination in BRCA WT/unknown patients than in BRCAm
patients.37’38

Homologous recombination repair deficiency (HRR
deficiency)

Consensus statements are shown in Table 2.

The current ESMO guidelines recommend consideration
of HRR deficiency testing to identify the patients most likely
to gain benefit from a PARPi.** Our literature search iden-
tified high-quality evidence, including two recent meta-
analyses, that PARPi improves the prognosis of patients
with primary and recurrent ovarian cancer. Both studies

Table 2. Homologous recombination repair deficiency (HRR deficiency):
consensus statements

Level of
contributor
agreement (%)’

Consensus statements

Table 1. BRCA testing following a diagnosis of ovarian cancer: consensus
statements

Level of
contributor
agreement (%)

Consensus statements

Tumour mutations in BRCA1/2 are 95
effective at predicting sensitivity to
PARP inhibitors

Tumour BRCA1/2 testing should be carried out at 95
primary diagnosis

Tumour BRCA1/2 testing should be carried out at 95
disease recurrence (if not carried out earlier)

After primary diagnosis tumour BRCA1/2 mutation 98
testing should be carried out before the end of first-line
chemotherapy

Germline and/or tumour BRCA testing should be used 96
(in either order) to determine BRCA status at primary

diagnosis

BRCA1/2 tumour testing should be carried out in all 95

invasive epithelial cancers, particularly in those with

Biomarkers of HRR deficiency are effective at 88
predicting sensitivity to PARP inhibitors as

maintenance therapy after first-line chemotherapy

for ovarian cancer

HRR deficiency tumour testing should be carried 92
out at primary diagnosis

HRR deficiency tumour testing should be carried out 75
at disease recurrence (if not carried out earlier)

HRR deficiency tumour status, in BRCA WT patients, 84
is not effective for predicting familial risk of ovarian

cancer

HRR deficiency tumour testing should be carried out in 88

all epithelial cancers, particularly in those with high-

grade non-mucinous disease

HRR deficiency testing either following, but preferably 91
together with BRCA testing, should be carried out

before the end of first-line chemotherapy

There is a need for the development of new, alternative 92
validated HRR deficiency tests
The main drivers for the development of a new, 275b

alternative validated HRR deficiency test are cost

implications, the requirement to send samples for

testing abroad, and the ability to develop an HRR

deficiency test that outperforms commercially available

tests

Clinically validated genomic instability HRR deficiency 93
tests are important for evaluating HRR deficiency status

before the end of first-line chemotherapy

Biological overlap with commercially available tests and >75¢
validation of clinical utility in a clinical trial are required

when developing a new, alternative validated HRR

high-grade non-mucinous disease

PARP, poly-ADP ribose polymerase.
? Proportion of contributors agreeing (strongly agree/agree) with a survey
statement.

4 https://doi.org/10.1016/j.annonc.2021.11.013

deficiency test

PARP, poly-ADP ribose polymerase; WT, wild type.

? Proportion of contributors agreeing (strongly agree/agree) with a survey
statement.

® Level of agreement was 82% for cost implications, 75% for the requirement to
send samples for testing abroad, and 81% for the ability to develop an HRR
deficiency test that outperforms commercially available tests.

¢ Level of agreement was 75% for biological overlap with commercially available
tests and 81% for validation of clinical utility in a clinical trial.
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analysed data from >5000 patients across randomised
studies (3 phase Il and 7 phase 11I;>° 12 phase 11/11°°) and
found that PARPi can improve the prognosis of primary or
recurrent ovarian cancer patients, with and without BRCAm,
with a manageable safety profile.

Development of testing protocols to define the HRR
deficiency status of patients with ovarian cancer would
serve to optimise the clinical benefit of PARPi. Clinical tests
aim to predict the presence of HRR deficiency based on
genomic features. Specifically, HRR deficiency can be char-
acterised using ‘cause (HRR loss of function)’ and ‘effect
(genomic instability)’ assays.”* Commercially available effect
assays, such as the ‘myChoice CDx’ assay by Myriad, test for
genomic instability via the presence of loss of heterozy-
gosity (LOH), telomeric allelic imbalance, and large-scale
state transitions across the genome.*” In the myChoice
assay, HRR deficiency is typically defined by the presence of
BRCA1/2m, or when a tumour surpasses a given threshold
of genomic instability score (GIS).****** In the VELIA/GOG-
3005 trial of veliparib, in patients with newly diagnosed
high-grade serous ovarian cancer, tumours with GIS >33
were considered to be HR deficient (HRd) and tumours with
a GIS <33 were considered to be HR proficient (HRp)."? A
higher GIS threshold of 42 is more commonly used, and was
the adopted score in PAOLA-1/ENGOT-ov25 and PRIMA/
ENGOT-0v26.”**** The ‘FoundationFocus CDx BRCA LOH’
detects the presence of mutations in the BRCA1/2 genes
and the percentage of the genome affected by LOH in DNA
from tumour tissue samples. Tumours with a score >16 are
categorised as ‘LOH-high’.?° This test was validated in the
ARIEL3 trial in a second-line, platinum-sensitive setting,”
but it has not been evaluated in first-line randomised
studies. However, HRR deficiency tests vary in terms of the
specific genomic features being measured, and the means
used to determine the thresholds that define HRR defi-
ciency. As such, the ‘myChoice CDx’ and the ‘Founda-
tionFocus CDx BRCA LOH’ assays are not interchangeable.

Non-BRCA homologous recombination repair (HRR) genes

Consensus statements are shown in Table 3.

Our literature search retrieved studies indicating that
heritable mutations in ovarian cancer risk genes are present
in 13%-28%">**" of ovarian cancer patients, and that
germline genetic testing is recommended for all such pa-
tients, ideally with pre-test genetic counselling. It has also
been shown that 50% of high-grade serous ovarian cancers
are characterised by HRR deficiency.* Thus, beyond
BRCAm, HRR deficiency may also occur as a result of
germline and somatic mutations or deregulation of other
genes related to HRR. There is increasing literature around
ovarian cancer risk associated with a growing group of
genes (such as BRIP1, BARD1, PALB2, NBN, RAD51C, and
RAD51D).*#° One study investigated the role of RAD51D in
cancer susceptibility and identified eight inactivating
RAD51D mutations from 911 breast—ovarian cancer fam-
ilies (unrelated individuals) compared with 1 in 1060 con-
trols (P = 0.01). The association was principally with ovarian
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Table 3. Non-BRCA homologous recombination repair (HRR) genes:
consensus statements

Level of
contributor
agreement (%)’

Consensus statements

There is currently insufficient evidence to recommend 83
tumour testing for other HRR mutations (e.g. RAD51C,

ATM, BRIP1, BARD1, CDK12, BLM, CHEK1/2) besides

BRCA1/2, for predicting sensitivity to first-line PARP

inhibitors

If it is decided to perform non-BRCA HRR tumour 86
mutation testing, it could be considered in all invasive

epithelial cancers, particularly in those with high-grade
non-mucinous disease

If non-BRCA HRR tumour mutation status is examined, the 90
following genes could be considered: RAD51C/D, BRIP1,

PALB2, and BARD1. The value of mutations in other genes

(ATM, ATR, BLM, CDK12, and CHECK1/2) remains to be

established

Non-BRCA HRR mutation tumour testing could be 100
beneficial for clinical research

If germline non-BRCA HRR gene mutations are identified, 82

relatives should be notified by the ovarian cancer patient
and advised that they may be referred for genetic
counselling and genetic testing (if they wish)

PARP, poly-ADP ribose polymerase.
? Proportion of contributors agreeing (strongly agree/agree) with a survey
statement.

cancer with three mutations identified in the 59 pedigrees
with three or more ovarian cancer cases (P = 0.0005).°
Germline variants in RAD51C, RAD51D, and PALB2 are
associated with a significantly increased risk of ovarian
cancer,”*? and during our discussions there was agreement
that these variants are effective predictors for familial risk
of ovarian cancer. A group of contributors regarded BRIP1
status as a predictor of family risk,”*>* but consensus was
not reached.

Whilst germline mutations in non-BRCA HRR genes may
have clinical implications for family members, overall, there
appear to be insufficient data to support the mutation
status of non-BRCA HRR genes to reliably predict PARPi
response in patients with ovarian cancer. Our literature
search identified one report of partial responses®® to
rucaparib in four of five patients with RAD51C mutations;
however, in the CLIO trial comparing patients with HRd
versus HRp ovarian cancer receiving olaparib, only 2 of 10
confirmed responses were recorded in patients with RAD51
mutations, and none in the other non-BRCA HRR muta-
tions.>> This might be due to the fact that, based on current
understanding, pathogenic mutations cannot generally be
separated out from harmless single-nucleotide poly-
morphisms or variants of unidentified significance.

Current ESMO guidelines state that there is insufficient
evidence to determine the clinical validity of individual or
panels of non-BRCA HRR mutations to predict response to
PARPi and additional prospectively collected data are
required.”” We identified clinical data in support of this
guidance: with the exception of BRCA, HRR mutation gene
panels were not predictive of the efficacy of maintenance
olaparib plus bevacizumab in the first-line PAOLA-1/ENGOT-

https://doi.org/10.1016/j.annonc.2021.11.013 5
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ov25 trial.”® Furthermore, there is good evidence to suggest

that non-BRCA HRR pathway gene mutations are rare;36
while testing for non-BRCA HRR mutations may identify a
subset of ovarian cancers with HRR deficiency, HRR muta-
tions are not considered to be predictive of HRR deficiency
or sensitivity to PARPi in the first-line setting.>®°®

We identified high-quality evidence from randomised
trials using gene panels including Study 19, ARIEL3, NOVA,
and CLIO.?%*>>7>% These data show that mutations in less
than half of non-BRCA HRR genes had a median GIS >42,
and non-BRCA HRR mutations were not predictive of
improved progression-free survival in first-line treatment,
regardless of the gene panel used. As an example, data from
the PAOLA-1 study used a gene panel with 13 pre-defined
genes involved in HRR, an expanded panel with 5 addi-
tional genes involved in HRR, a restricted panel using 5
selected genes with the highest median GIS, and 3 pub-
lished panels. Using the Myriad myChoice CDx plus assay to
analyse patient samples from 806 patients randomised in
PAOLA-1, 235 (29.2%) had a BRCA-mutated tumour, and
patients harbouring deleterious mutations involved in HRR,
excluding tumours with BRCAm, ranged from 3.7% to 9.8%
depending on the HRR gene panel used.>®

However, we also identified other data to suggest that
mutations in HRR genes may predict response to PARPi in
some cases. A study of tumour samples from Study 19
(olaparib maintenance therapy) included classification of
mutations in genes involved in HRR, BRCAI1 promoter
methylation status, measurement of BRCA1 protein, and
Myriad CDx assay score. Patients with tumours harbouring
BRCA mutations gained most benefit from olaparib. A
similar treatment benefit was observed in 21/95 patients
with BRCA WT tumours, but with loss-of-function HRR
mutations, compared to patients with no detectable HRR
mutations (58/95). These data suggest that patients with
tumours harbouring loss-of-function mutations in HRR
genes, other than BRCA1/2, may constitute a small but
identifiable population who derive treatment benefit from
olaparib, similar to patients with BRCAm.>’

Mutations in mismatch repair (MMR) genes

Consensus statements are shown in Table 4.

Similar to the HR pathway, the MMR pathway plays an
important role in DNA damage repair.®® MMR deficiency is
rare in high-grade serous carcinoma but is present in ~5%-
10% of endometriosis-derived clear-cell and endometrioid
ovarian carcinomas.®> We found clinical evidence from a
study using targeted sequencing to study 16 HR-associated
genes and 4 MMR-associated genes, in germline and so-
matic samples from 207 patients with ovarian cancer, that
revealed a positive correlation between the mutation status
of HR and MMR genes (P = 0.0072).°? Another study
investigating sensitivity to olaparib in a panel of 18 high-
grade serous epithelial ovarian cancer cell lines showed
that sensitivity to PARPi is not associated with HR defects
alone. Results from this preclinical study demonstrated that
down-regulation of genes in the nucleotide excision repair
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Table 4. Mutation in mismatch repair (MMR) genes: consensus
statements

Level of contributor
agreement (%)”

Consensus statements

If germline panel testing is indicated, it is 87
recommended to include MMR genes
In patients with a family history suggesting 97

Lynch syndrome, germline testing of MMR

genes is strongly recommended

If in the tumour mismatch repair deficiency 92
(MMRd)/microsatellite instability-high (MSI-H) is

detected, germline MMR testing is recommended

Mutations in MMR genes (e.g. MSH6, MSH2, MLH1 90
and PMS2) or MSI are not proven to be effective

predictors of sensitivity to PARP inhibitors in the

clinic

PARP, poly-ADP ribose polymerase.
? Proportion of contributors agreeing (strongly agree/agree) with a survey
statement.

(NER) and MMR pathways increased response to PARPi; the
most highly sensitive cell lines were those where HR and
NER, or HR and MMR pathways, were concomitantly down-
regulated.®® However, in a study of 523 unselected patients
with ovarian cancer, <1% harboured germline mutations in
MMR genes (MHS2 and MHS6)."> In a recent study of
clinical samples from patients with non-serous/non-
mucinous ovarian cancer, Lynch syndrome was detected in
11/28 (39%) of MMR deficiency cases (7 ovarian cancer and
4 synchronous): 7 MSH6, 2 MLH1, 1 PMS2, and 1 MSH2.%*

Genetic testing in the clinic

Consensus statements are shown in Table 5.

We found high-quality evidence in meta-analyses of data
from randomised trials to support the statement that PARPi
is appropriate for patients with platinum-sensitive, relapsed
ovarian cancer.®>®®

The phenotype of HRR deficiency can be detected in
tumour samples, with ‘cause’ and ‘effect’ assays. These
include HRR gene panel tests (cause of HR loss) and
genomic instability (effect of HR loss).*! In addition to
commercial germline tests for hereditary ovarian cancer,
‘academic’ laboratory tests such as the BROCA cancer risk
panel use NGS to detect most of the recognised mutations
in a large group of genes."® The panel commented that
some tests [e.g. Myriad and ‘academic tests’ (e.g. used by
the PAOLA Consortium)] analyse both BRCA and HRR defi-
ciency simultaneously.®”®® Simultaneous testing of BRCA
and HRR deficiency is optimal if this capability is available.
Furthermore, during the consensus meeting, it was
expressed that some authorities will give reimbursement
for one test only; in such cases, determination of BRCA
status and HRR deficiency status simultaneously might be
an efficient approach. An interesting study of triple-negative
breast cancer samples from a population-based study using
whole-genome and RNA sequencing data found that
hypermethylation may be an early event in tumour devel-
opment that progresses along a common pathway with
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Table 5. Genetic testing in the clinic: consensus statements

Level of contributor
agreement (%)’

Consensus statements

Germline and/or tumour BRCA status and, if 97
BRCA WT, tumour HRR deficiency status should be

determined after primary diagnosis and ideally

before the end of first-line chemotherapy

Tumour tissue and germline testing can be used to >78°
characterise BRCA status, and tumour tissue

testing can be used to characterise HRR deficiency,

non-BRCA HRR status, and MMR status

Germline genetic testing should be a routine part 83
of cancer patient care and should be integrated

into the cancer patient genetic care pathway

Mainstreaming (making germline cancer gene 91
testing part of cancer patient care by integrating

testing into the treatment pathway) is a valuable

option, and patients with germline BRCA

mutation(s) should receive genetic counselling. If
mainstreaming is not available, the patient should

be referred for genetic counselling before germline

testing

Oncologists (if appropriately trained/educated) 90
should be able to counsel patients with regard to

tumour and/or germline testing

Educational material, websites/videos, information >81°
on patient groups, and further counselling should

be a routine part of cancer patient care and should

be integrated into the cancer patient pathway

following genetic counselling appointments

Educational materials and formal training support >94¢
should be available to staff responsible for

counselling

Genetic counselling should be made available to >94°

patients undergoing genetic testing at primary

diagnosis with a family history of breast/ovarian

cancer and in patients requesting specific

information on genetic risk

Support and genetic counselling in the clinical 278f
setting of ovarian cancer patients could be

provided by genetic counsellors OR medical

geneticists OR the patients’ treating physician OR

appropriately trained nursing staff

o

Proportion of contributors agreeing (strongly agree/agree) with a survey
statement.

® Level of agreement for using tumour and germline tissue for BRCA status was 92%
and 86%, respectively. Level of agreement for using tumour tissue for HRR
deficiency, non-BRCA HRR status, and MMR status was 98%, 78%, and 96%,
respectively.

© Level of agreement was 97% for educational material, 88% for directing to
websites/videos, 86% for information about patient groups, and 81% for further
counselling.

9 Level of agreement was 98% for educational materials and 94% for formal training
support.

€ Level of agreement was 98% for patients with a family history of breast/ovarian
cancer, and 94% for patients requesting specific information.

f Level of agreement was 89% for genetic counsellors, medical geneticists, and the
patients’ treating physician, and 78% for appropriately trained nursing staff.

BRCA1-mutated disease. This may represent a promising
DNA-based biomarker for early-stage disease.®’

Panel germline testing should factor into decisions about
cascade testing to family members. For example, main-
streaming (making germline genetic testing part of cancer
patient care through integration of testing into the treat-
ment pathway, with non-clinical geneticists performing pre-
test counselling) allows for timely detection of gBRCA1/2,
which is important for both the patient and her relatives.
We identified publications in support of mainstreaming,’®’*
including a study where a genetic testing pathway was
established, and genetic testing undertaken by the trained
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cancer team with cascade testing to relatives carried out by
the genetics team.”® Of 207 patients who accepted testing
through this pathway, 33 (16%) had a BRCAm and 121/154
(79%) had active disease. The authors reported a 4-fold
reduction in time and a 13-fold reduction in resource
requirement compared to a conventional testing pathway.”®
In another recent study, Jordan et al.”’ found that by
initiating in-office germline testing, time to testing and
receipt of results were meaningfully shortened, improving
access to maintenance therapy following front-line
treatment.

In addition to tumour sample analyses, we identified
emerging literature around the characterisation of circu-
lating tumour DNA (ctDNA) as a contemporaneous and non-
invasive alternative, or additional measure, to define HRR
deficiency status. In one study, ctDNA was identified in
plasma from 29/33 (87%) blood samples; further analysis of
ctDNA from ascites in 17 of these patients revealed that 10
had a high GIS (HRd) and 7 a low GIS (HRp).”®

Genetic counselling is an essential element of patient care
and should be available to any patients who have a family
history of breast and/or ovarian cancer, hereditary germline
mutations associated with increased cancer risk, or an
abnormal tumour test (such as SBRCAm), as well as for those
who request specific information. This approach is consistent
with recent clinical practice guidelines for BRCA1/2 genetic
testing, in which identifying individuals who may benefit from
genetic counselling and risk-reducing strategies is listed as the
first aim of BRCA testing.74 In our discussions around who is/
are the appropriate professional/s to give genetic counsel-
ling, there was agreement that it does not necessarily need to
be a genetic counsellor or clinical geneticist, and that an
appropriately trained oncologist or expert nurse could also
provide the counselling if this is permissible within local
regulations. Some panellists advised that nurses would not be
considered suitable in their country as they were not
routinely trained for this work and may therefore lack the
required specialist knowledge. We also agreed that those
engaged in necessary counselling, if not professional coun-
sellors, should be appropriately trained/supported with ac-
cess to educational material and formal training support
(online training modules or local interactive materials were
discussed and the panel thought that these methods may be
most suitable). During the consensus meeting we discussed
the dramatic increase in BRCA testing in the last two decades,
for both preventive and therapeutic assessment. We agreed
that these changes have, in many European countries,
contributed to a bottleneck in access to genetic counsellors
and genetic test results, with the latter being a requirement
for treatment of ovarian cancer. Alternative pathways to
perform genetic testing in patients with ovarian cancer are
thus needed.

ACKNOWLEDGEMENTS

The authors would like to thank the members of the EU
consensus group who participated in the consensus survey
and meeting for their valuable scientific input and

https://doi.org/10.1016/j.annonc.2021.11.013 7


https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

discussion. The authors also thank Meridian HealthComms,
Plumley, UK for providing support with the literature search
and manuscript development in accordance with Good
Publication Practice (GPP3).

FUNDING

Support for this work was provided to Prof. Vergote in the
form of an unrestricted educational grant from AstraZeneca,
United Kingdom [grant number #65464453].

DISCLOSURE

IV: Consulting (2019-2021): Aksebio (2021); Amgen (Europe)
GmbH (2019); AstraZeneca (2019-2022); BMS (2021); Clovis
Oncology Inc. (2019-2019); Carrick Therapeutics (2019);
Deciphera Pharmaceuticals (2020-2021); Eisai (2021); Elevar
Therapeutics (2020); F. Hoffmann-La Roche Ltd (2019-
2021); Genmab (2019-2021); GSK (2019-2021); Immunogen
Inc. (2019-2022); Jazzpharma (2021-2022); Karyopharm
(2021); Mersana (2020); Millennium Pharmaceuticals
(2019); MSD (2019-2022); Novocure (2020-2022); Novartis
(2021); Octimet Oncology NV (2019); Oncoinvent AS (2019-
2022); Sotio a.s. (2019-2022); Verastem Oncology (2020);
Zentalis (2020). Contracted research: Oncoinvent AS (2019-
2020); Genmab (2019-2021). Corporate sponsored research:
Amgen (2019-2020); Roche (2019-2020). AG-M: Consulting
(2019-2021): Amgen (Europe) (2019); AstraZeneca (2019-
2021); Clovis Oncology Inc. (2019-2021); Eisai (2021); F.
Hoffmann-La Roche Ltd (2019-2021); Genmab (2019-2020);
GSK (2019-2021); Immunogen Inc. (2019-2021); Mersana
(2020); MSD (2019-2021); Novocure (2020); Novartis
(2021); Oncoinvent AS (2019-2021); Sotio (2019-2021).
Contracted research: La Roche (2019-2021); GSK (2019-
2021).IR-C: Consulting (2019-2021): Amgen (2019-2021);
AstraZeneca (2019-2021); Clovis Oncology Inc. (2019-2021);
Eisai (2021); F. Hoffmann-La Roche Ltd (2019-2021); Gen-
mab (2019-2020); GSK (2019-2021); Mersana (2020-2021);
Merck Serono (2020-2021); MSD (2019-2021); Novocure
(2021); Novartis (2021); OnxEo (2020-2021); Pharmamar
(2019-2021); Deciphera (2019-2021). Contracted research:
BMS (2019-2021); MSD (2019-2021).PH: Honoraria: Amgen,
AstraZeneca, GSK, Roche, Sotio, Stryker, Zai Lab, MSD,
Clovis. Advisory board: AstraZeneca, Roche, GSK, Clovis,
Immunogen, MSD/Merck. Research funding (institute):
AstraZeneca, Roche, GSK, Genmab, Immunogen, Clovis. NC:
Consulting: AstraZeneca; BIOCAD; Clovis Oncology; Eisai;
GlaxoSmithKline; Immunogen; Mersana; MSD; Oncxerna;
Pharmamar; Pfizer; Roche; Tesaro. Promotional speaker:
AstraZeneca; Clovis; Eisai; GlaxoSmithKline; MSD; Novartis;
Tesaro. PP: AstraZeneca (2019-2021); Exact Science (2019-
2021); GSK (2019-2021); HEDERADx (2021); MSD (2019-
2021); Novartis (2020); Onco DNA (2019-2021); Pfizer
(2019-2021); Predilife (2019-2021); Seqone (2019-2021).DL:
Consulting (2019-2021): Amgen (2020); AstraZeneca (2019-
2021); Clovis Oncology Inc. (2019-2021); Eisai (2021); F.
Hoffmann-La Roche Ltd (2019-2020); Genmab (2019-2021);
GSK (2019-2021); Immunogen Inc. (2019-2021); MSD
(2019-2021); Novartis (2021); Merck Serono (2020-2021);

8 https://doi.org/10.1016/j.annonc.2021.11.013

l. Vergote et al.

Pharmamar (2019-2021). Contracted research: MSD (2019-
2021); GSK (2019-2021); Clovis Oncology (2019-2021).
MRM: Consulting and lectures: AstraZeneca; Biocad; GSK;
Karyopharm; Merck; Roche; Zailab. Contracted research:
Apexigen; AstraZeneca; GSK; Ultimovacs. Other: Kar-
yopharm & Sera Prognistics (Member of Board of Di-
rectors); Deciphera (Trial Chair). BB: Consulting (2019-
2021): F. Hoffmann-La Roche (2019-2020); AstraZeneca
(2019-2020); Merck Serono (2019-2020); Pharmaswiss
(2019-2020); GSK (2019); Novartis (2019-2021). Contracted
research: AstraZeneca (2020-2021); F. Hoffmann-La Roche
(2019-2020). RM: Consulting (2019-2021): AstraZeneca
(2019-2021); F. Hoffmann-La Roche Ltd (2019-2020); GSK
(2019-2021). JDB: Consulting (2020-2021): AstraZeneca.
Contracted research: Clovis Oncology (2019); Aprea (2019-
21); Tailor Bio (2020-21); Other: Co-founder and share-
holder Inivata (2019-2021); Co-founder and shareholder
Tailor Bio (2019-2021). MGEMA: Consulting (2019-2020):
MSD. Contracted research: Pfizer (2020); AstraZeneca
(2020). RB: Consulting and lectures (2019-2021): AbbVie;
AstraZeneca; Bayer; BMS; Boehringer-Ingelheim; Janssen;
Illumina; Lilly; MSD; Novartis; Qiagen; Pfizer; Roche. Other
(2019-2021): Testifying Advisor for MSD in GBA-assessment
for Pembrolizumab, Advisor for Durvalumab. Co-Founder
and CSO for Targos Molecular Pathology, Kassel/Germany
until April 2021. DL: Consulting (2019-2021): AstraZeneca
(2019-2021); BMS (2019); Boehringer Ingelheim (2019);
Montis Biosciences (2021); MSD (2019-2021). Contracted
research: Montis Biosciences (2021).

REFERENCES

1. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: a
review. Cancer Biol Med. 2017;14(1):9-32.

2. Colombo N, Sessa C, du Bois A, et al. ESMO-ESGO consensus confer-
ence recommendations on ovarian cancer: pathology and molecular
biology, early and advanced stages, borderline tumours and recurrent
disease. Ann Oncol. 2019;30(5):672-705.

3. Moschetta M, George A, Kaye SB, Banerjee S. BRCA somatic mutations
and epigenetic BRCA modifications in serous ovarian cancer. Ann
Oncol. 2016;27(8):1449-1455.

4. Lupo B, Trusolino L. Inhibition of poly(ADP-ribosyl)ation in cancer: old
and new paradigms revisited. Biochim Biophys Acta. 2014;1846(1):
201-215.

5. Yang XH, Feng ZE, Yan M, et al. XIAP is a predictor of cisplatin-based
chemotherapy response and prognosis for patients with advanced
head and neck cancer. PLoS One. 2012;7(3):e31601.

6. Wang M, Wu W, Wu W, et al. PARP-1 and Ku compete for repair of DNA
double strand breaks by distinct NHEJ pathways. Nucleic Acids Res.
2006;34(21):6170-6182.

7. Hoeijmakers JH. Genome maintenance mechanisms for preventing
cancer. Nature. 2001;411(6835):366-374.

8. Pennington KP, Swisher EM. Hereditary ovarian cancer: beyond the
usual suspects. Gynecol Oncol. 2012;124(2):347-353.

9. Norquist BM, Harrell MI, Brady MF, et al. Inherited mutations in
women with ovarian carcinoma. JAMA Oncol. 2016;2(4):482-490.

10. Kim J, Park EY, Kim O, et al. Cell origins of high-grade serous ovarian
cancer. Cancers (Basel). 2018;10(11):433.

11. The Cancer Genome Atlas Research Network. Integrated genomic an-
alyses of ovarian carcinoma. Nature. 2011;474(7353):609-615.

12. Miller RE, Leary A, Scott CL, et al. ESMO recommendations on pre-
dictive biomarker testing for homologous recombination deficiency

Volume xxx m Issue xxx m 2021


http://refhub.elsevier.com/S0923-7534(21)04828-6/sref1
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref1
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref2
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref2
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref2
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref2
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref3
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref3
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref3
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref4
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref4
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref4
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref5
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref5
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref5
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref6
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref6
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref6
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref7
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref7
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref8
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref8
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref9
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref9
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref10
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref10
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref11
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref11
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref12
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref12
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

I. Vergote et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

and PARP inhibitor benefit in ovarian cancer. Ann Oncol. 2020;31(12):
1606-1622.

Harter P, Hauke J, Heitz F, et al. Prevalence of deleterious germline
variants in risk genes including BRCA1/2 in consecutive ovarian cancer
patients (AGO-TR-1). PLoS One. 2017;12(10):e0186043.

Hauke J, Hahnen E, Schneider S, et al. Deleterious somatic variants in
473 consecutive individuals with ovarian cancer: results of the obser-
vational AGO-TR1 study (NCT02222883). J Med Genet. 2019;56(9):574-
580.

Risch HA, McLaughlin JR, Cole DE, 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):1694-1706.

Takaya H, Nakai H, Takamatsu S, Mandai M, Matsumura N. Homolo-
gous recombination deficiency status-based classification of high-grade
serous ovarian carcinoma. Sci Rep. 2020;10(1):2757.

Norquist BM, Brady MF, Harrell MI, et al. Mutations in homologous
recombination genes and outcomes in ovarian carcinoma patients in
GOG 218: an NRG Oncology/Gynecologic Oncology Group Study. Clin
Cancer Res. 2018;24(4):777-783.

Pennington KP, Walsh T, Harrell Ml, et al. Germline and somatic mu-
tations in homologous recombination genes predict platinum response
and survival in ovarian, fallopian tube, and peritoneal carcinomas. Clin
Cancer Res. 2014;20(3):764-775.

Coleman RL, Fleming GF, Brady MF, et al. Veliparib with first-line
chemotherapy and as maintenance therapy in ovarian cancer. N Engl
J Med. 2019;381(25):2403-2415.

Coleman RL, Oza AM, Lorusso D, et al. Rucaparib maintenance treat-
ment for recurrent ovarian carcinoma after response to platinum
therapy (ARIEL3): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet. 2017;390(10106):1949-1961.

Gonzalez-Martin A, Pothuri B, Vergote |, et al. Niraparib in patients
with newly diagnosed advanced ovarian cancer. N Engl J Med.
2019;381(25):2391-2402.

Moore K, Colombo N, Scambia G, et al. Maintenance olaparib in pa-
tients with newly diagnosed advanced ovarian cancer. N Engl J Med.
2018;379(26):2495-2505.

Pujade-Lauraine E, Ledermann JA, Selle F, et al. Olaparib tablets as
maintenance therapy in patients with platinum-sensitive, relapsed
ovarian cancer and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a
double-blind, randomised, placebo-controlled, phase 3 trial. Lancet
Oncol. 2017;18(9):1274-1284.

Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus bevacizumab as
first-line maintenance in ovarian cancer. N Engl J Med. 2019;381(25):
2416-2428.

Lheureux S, Bruce JP, Burnier JV, et al. Somatic BRCA1/2 recovery as a
resistance mechanism after exceptional response to poly (ADP-ribose)
polymerase inhibition. J Clin Oncol. 2017;35(11):1240-1249.

Lheureux S, Lai Z, Dougherty BA, et al. Long-term responders on ola-
parib maintenance in high-grade serous ovarian cancer: clinical and
molecular characterization. Clin Cancer Res. 2017;23(15):4086-4094.
Konstantinopoulos PA, Norquist B, Lacchetti C, et al. Germline and
somatic tumor testing in epithelial ovarian cancer: ASCO guideline.
J Clin Oncol. 2020;38(11):1222-1245.

SGO Clinical Practice Statement. Genetic Testing for Ovarian Cancer
2014. Available at https://www.sgo.org/clinical-practice/guidelines/
genetic-testing-for-ovarian-cancer/. Accessed July 30, 2021.
Kuchenbaecker KB, Hopper JL, Barnes DR, et al. Risks of breast,
ovarian, and contralateral breast cancer for BRCA1 and BRCA2 muta-
tion carriers. J Am Med Assoc. 2017;317(23):2402-2416.

Antoniou A, Pharoah PD, Narod S, et al. Average risks of breast and
ovarian cancer associated with BRCA1 or BRCA2 mutations detected in
case series unselected for family history: a combined analysis of 22
studies. Am J Hum Genet. 2003;72(5):1117-1130.

Chen S, Iversen ES, Friebel T, et al. Characterization of BRCA1 and
BRCA2 mutations in a large United States sample. J Clin Oncol.
2006;24(6):863-871.

Evans DG, Shenton A, Woodward E, Lalloo F, Howell A, Maher ER.
Penetrance estimates for BRCA1 and BRCA2 based on genetic testing
in a Clinical Cancer Genetics service setting: risks of breast/ovarian

Volume xxx m Issue xxx m 2021

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

cancer quoted should reflect the cancer burden in the family. BMC
Cancer. 2008;8:155.

Jelovac D, Armstrong DK. Recent progress in the diagnosis and treat-
ment of ovarian cancer. CA Cancer J Clin. 2011;61(3):183-203.
Dougherty BA, Lai Z, Hodgson DR, et al. Biological and clinical evidence
for somatic mutations in BRCA1 and BRCA2 as predictive markers for
olaparib response in high-grade serous ovarian cancers in the main-
tenance setting. Oncotarget. 2017;8(27):43653-43661.

Mirza MR, Monk BJ, Herrstedt J, et al. Niraparib maintenance therapy
in platinum-sensitive, recurrent ovarian cancer. N Engl J Med.
2016;375(22):2154-2164.

Swisher EM, Lin KK, Oza AM, et al. Rucaparib in relapsed, platinum-
sensitive high-grade ovarian carcinoma (ARIEL2 Part 1): an interna-
tional, multicentre, open-label, phase 2 trial. Lancet Oncol. 2017;18(1):
75-87.

Mirza MR, Avall Lundqvist E, Birrer MJ, et al. Niraparib plus bev-
acizumab versus niraparib alone for platinum-sensitive recurrent
ovarian cancer (NSGO-AVANOVA2/ENGOT-ov24): a randomised, phase
2, superiority trial. Lancet Oncol. 2019;20(10):1409-1419.

Liu JF, Barry WT, Birrer M, et al. Overall survival and updated
progression-free survival outcomes in a randomized phase Il study of
combination cediranib and olaparib versus olaparib in relapsed
platinum-sensitive ovarian cancer. Ann Oncol. 2019;30(4):551-557.
Yang Y, Du N, Xie L, et al. The efficacy and safety of the addition of
poly ADP-ribose polymerase (PARP) inhibitors to therapy for ovarian
cancer: a systematic review and meta-analysis. World J Surg Oncol.
2020;18(1):151.

Ruscito |, Bellati F, Ray-Coquard I, et al. Incorporating parp-inhibitors in
primary and recurrent ovarian cancer: a meta-analysis of 12 phase I/IlI
randomized controlled trials. Cancer Treat Rev. 2020;87:102040.
Pellegrino B, Mateo J, Serra V, Balmafa J. Controversies in oncology:
are genomic tests quantifying homologous recombination repair defi-
ciency (HRD) useful for treatment decision making? ESMO Open.
2019;4(2):e000480.

Watkins JA, Irshad S, Grigoriadis A, Tutt ANJ. Genomic scars as bio-
markers of homologous recombination deficiency and drug response in
breast and ovarian cancers. Breast Cancer Res. 2014;16(3):211.
Stronach EA, Paul J, Timms KM, et al. Biomarker assessment of HR
deficiency, tumor BRCA1/2 mutations, and CCNE1 copy number in
ovarian cancer: associations with clinical outcome following platinum
monotherapy. Mol Cancer Res. 2018;16(7):1103-1111.

Telli ML, Timms KM, Reid J, et al. Homologous recombination defi-
ciency (HRD) score predicts response to platinum-containing neo-
adjuvant chemotherapy in patients with triple-negative breast cancer.
Clin Cancer Res. 2016;22(15):3764-3773.

Walsh T, Casadei S, Lee MK, 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):
18032-18037.

Alsop K, Fereday S, Meldrum C, 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):2654-2663.

Ataseven B, Tripon D, Rhiem K, et al. Prevalence of BRCA1 and BRCA2
mutations in patients with primary ovarian cancer—does the German
checklist for detecting the risk of hereditary breast and ovarian cancer
adequately depict the need for consultation? Geburtshilfe Frauen-
heilkd. 2020;80(9):932-940.

Ramus SJ, Song H, Dicks E, et al. Germline mutations in the BRIP1,
BARD1, PALB2, and NBN genes in women with ovarian cancer. J Nat/
Cancer Inst. 2015;107(11):djv214.

Song H, Dicks E, Ramus SJ, et al. Contribution of germline mutations in
the RAD51B, RAD51C, and RAD51D genes to ovarian cancer in the
population. J Clin Oncol. 2015;33(26):2901-2907.

Loveday C, Turnbull C, Ramsay E, et al. Germline mutations in RAD51D
confer susceptibility to ovarian cancer. Nat Genet. 2011;43(9):879-882.
Yang X, Song H, Leslie G, et al. Ovarian and breast cancer risks asso-
ciated with pathogenic variants in RAD51C and RAD51D. J Natl Cancer
Inst. 2020;112(12):1242-1250.

https://doi.org/10.1016/j.annonc.2021.11.013 9


http://refhub.elsevier.com/S0923-7534(21)04828-6/sref12
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref12
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref13
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref13
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref13
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref14
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref14
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref14
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref14
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref15
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref15
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref15
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref16
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref16
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref16
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref17
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref17
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref17
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref17
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref18
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref18
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref18
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref18
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref19
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref19
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref19
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref20
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref20
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref20
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref20
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref21
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref21
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref21
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref22
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref22
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref22
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref23
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref23
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref23
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref23
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref23
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref24
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref24
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref24
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref25
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref25
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref25
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref26
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref26
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref26
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref27
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref27
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref27
https://www.sgo.org/clinical-practice/guidelines/genetic-testing-for-ovarian-cancer/
https://www.sgo.org/clinical-practice/guidelines/genetic-testing-for-ovarian-cancer/
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref29
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref29
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref29
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref30
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref30
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref30
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref30
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref31
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref31
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref31
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref32
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref32
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref32
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref32
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref32
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref33
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref33
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref34
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref34
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref34
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref34
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref35
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref35
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref35
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref36
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref36
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref36
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref36
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref37
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref37
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref37
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref37
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref38
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref38
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref38
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref38
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref39
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref39
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref39
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref39
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref40
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref40
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref40
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref41
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref41
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref41
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref41
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref42
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref42
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref42
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref43
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref43
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref43
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref43
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref44
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref44
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref44
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref44
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref45
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref45
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref45
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref45
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref46
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref46
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref46
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref46
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref47
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref48
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref48
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref48
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref49
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref49
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref49
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref50
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref50
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref51
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref51
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref51
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

10

Yang X, Leslie G, Doroszuk A, et al. Cancer risks associated with
Germline PALB2 pathogenic variants: an international study of 524
families. J Clin Oncol. 2020;38(7):674-685.

Guglielmi C, Scarpitta R, Gambino G, et al. Detection of germline
variants in 450 breast/ovarian cancer families with a multi-gene panel
including coding and regulatory regions. Int J Mol Sci. 2021;22(14):
7693.

Suszynska M, Ratajska M, Kozlowski P. BRIP1, RAD51C, and RAD51D
mutations are associated with high susceptibility to ovarian cancer:
mutation prevalence and precise risk estimates based on a pooled
analysis of ~30,000 cases. J Ovarian Res. 2020;13(1):50.
Vanderstichele A, Nieuwenhuysen EV, Han S, et al. Randomized phase Il
CLIO study on olaparib monotherapy versus chemotherapy in platinum-
resistant ovarian cancer. J Clin Oncol. 2019;37(suppl 15):5507.

Kristeleit R. ARIEL2: Genetic Analysis of the Tumour Prospectively Identifies
Patients With Ovarian Cancer Most Likely to Respond to Rucaparib (ab-
stract 2700). Vienna, Austria: ECC-ESMO; 2015. Available at https://
oncologypro.esmo.org/content/download/81579/1482653/1/ECC-2015-
Scientific-Meeting-Report.pdf. Accessed September 22, 2021.

Hodgson DR, Dougherty BA, Lai Z, et al. Candidate biomarkers of PARP
inhibitor sensitivity in ovarian cancer beyond the BRCA genes. Br J
Cancer. 2018;119(11):1401-1409.

Mirza MR, Feng B, Shan M, et al. Elucidation of PARP inhibitor activity
in BRCAwt recurrent ovarian cancer by hrr mutational gene profile
analysis. J Clin Oncol. 2019;37(suppl 15):5568.

Pujade-Lauraine E, Brown J, Barnicle A, et al. Homologous recombi-
nation repair mutation gene panels (excluding BRCA) are not predictive
of maintenance olaparib plus bevacizumab efficacy in the first-line
PAOLA-1/ENGOT-0v25 trial. Gynecol Oncol. 2021;162(suppl 1):526-S27.
ljsselsteijn R, Jansen JG, de Wind N. DNA mismatch repair-dependent
DNA damage responses and cancer. DNA Repair (Amst). 2020;93:
102923.

Crosbie EJ, Ryan NAJ, McVey RJ, et al. Assessment of mismatch repair
deficiency in ovarian cancer. J Med Genet. 2021;58:687-691.

Sugino K, Tamura R, Nakaoka H, et al. Germline and somatic mutations
of homologous recombination-associated genes in Japanese ovarian
cancer patients. Sci Rep. 2019;9(1):17808.

https://doi.org/10.1016/j.annonc.2021.11.013

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

74.

I. Vergote et al.

Fleury H, Carmona E, Morin VG, et al. Cumulative defects in DNA repair
pathways drive the PARP inhibitor response in high-grade serous epithelial
ovarian cancer cell lines. Oncotarget. 2017;8(25):40152-40168.

Kim RS, Oldfield LE, Tone A, et al. Comprehensive molecular assess-
ment of mismatch repair deficiency in Lynch-associated ovarian can-
cers using next-generation sequencing (NGS) panel. J Clin Oncol.
2020;38(suppl 15):1523.

Stemmer A, Shafran I, Stemmer SM, Tsoref D. Comparison of poly
(ADP-ribose) polymerase inhibitors (PARPis) as maintenance therapy
for platinum-sensitive ovarian cancer: systematic review and network
meta-analysis. Cancers (Basel). 2020;12(10):3026.

Bartoletti M, Pelizzari G, Gerratana L, et al. Bevacizumab or PARP-
inhibitors maintenance therapy for platinum-sensitive recurrent
ovarian cancer: a network meta-analysis. Int J Mol Sci. 2020;21(11):3805.
Patel JN, Braicu I, Timms KM, et al. Characterisation of homologous
recombination deficiency in paired primary and recurrent high-grade
serous ovarian cancer. Br J Cancer. 2018;119(9):1060-1066.

Lotan TL, Kaur HB, Salles DC, et al. Homologous recombination defi-
ciency (HRD) score in germline BRCA2- versus ATM-altered prostate
cancer. Mod Pathol. 2021;34(6):1185-1193.

Glodzik D, Bosch A, Hartman J, et al. Comprehensive molecular com-
parison of BRCA1 hypermethylated and BRCA1 mutated triple negative
breast cancers. Nat Commun. 2020;11(1):3747.

George A, Riddell D, Seal S, et al. Implementing rapid, robust, cost-
effective, patient-centred, routine genetic testing in ovarian cancer
patients. Sci Rep. 2016;6:29506.

Colombo N, Huang G, Scambia G, et al. Evaluation of a streamlined
oncologist-led BRCA mutation testing and counseling model for pa-
tients with ovarian cancer. J Clin Oncol. 2018;36(13):1300-1307.
Jordan S, Spring S, Schlumbrecht M, Huang M. Effects of initiating in-
office germline testing in safety net clinic patients with epithelial
ovarian cancer. J Clin Oncol. 2020;38(suppl 15):1588.

. Leary A, Hazzaz R, Formal AL, et al. ctDNA from ascites as an alternative

to tumor sampling for HRD (homologous recombination deficiency)
testing in ovarian cancer (OC). J Clin Oncol. 2020;38(suppl 15):6066.
Pujol P, Barberis M, Beer P, et al. Clinical practice guidelines for BRCA1
and BRCA2 genetic testing. Eur J Cancer. 2021;146:30-47.

Volume xxx m Issue xxx m 2021


http://refhub.elsevier.com/S0923-7534(21)04828-6/sref52
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref52
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref52
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref53
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref53
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref53
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref53
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref54
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref54
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref54
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref54
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref54
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref55
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref55
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref55
https://oncologypro.esmo.org/content/download/81579/1482653/1/ECC-2015-Scientific-Meeting-Report.pdf
https://oncologypro.esmo.org/content/download/81579/1482653/1/ECC-2015-Scientific-Meeting-Report.pdf
https://oncologypro.esmo.org/content/download/81579/1482653/1/ECC-2015-Scientific-Meeting-Report.pdf
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref57
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref57
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref57
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref58
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref58
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref58
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref59
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref59
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref59
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref59
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref60
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref60
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref60
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref61
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref61
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref62
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref62
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref62
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref63
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref63
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref63
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref64
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref64
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref64
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref64
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref65
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref65
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref65
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref65
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref66
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref66
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref66
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref67
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref67
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref67
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref68
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref68
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref68
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref69
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref69
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref69
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref70
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref70
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref70
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref71
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref71
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref71
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref72
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref72
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref72
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref73
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref73
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref73
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref74
http://refhub.elsevier.com/S0923-7534(21)04828-6/sref74
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

l. Vergote et al.

APPENDIX: THE EUROPEAN CONSENSUS GROUP

Steering committee

Ignace Vergote (Chair), University Hospitals Leuven,
Department of Gynaecology and Obstetrics and Leuven
Cancer Institute, Division of Gynaecological Oncology,
Leuven, Belgium, European Union

Margreet Ausems, Division Laboratories, Pharmacy and
Biomedical Genetics, Department of Genetics, University
Medical Center Utrecht, Utrecht, The Netherlands

Birute Brasiuniene, Department of Medical Oncology,
National Cancer Institute of Lithuania, Faculty of Medicine
of Vilnius University, Vilnius, Lithuania

James Brenton, Cancer Research UK Cambridge Institute,
University of Cambridge, UK

Reinhard Biittner, Institute of Pathology, University
Hospital Cologne, Cologne, Germany

Nicoletta Colombo, University of Milan-Bicocca and Eu-
ropean Institute of Oncology IRCCS, Milan, Italy

Antonio Gonzalez-Martin, Oncology Department, Clinica
Universidad de Navarra, Navarra, Spain

Philipp Harter, Department of Gynaecology & Gynaeco-
logic Oncology, Kliniken Essen Mitte, Essen, Germany

Diether Lambrechts, Department of Human Genetics, KU
Leuven, Leuven, Belgium

Domenica Lorusso, Obstetrics and Gynaecology, Catholic
University of Rome, Fondazione Policlinico Gemelli IRCCS,
Rome, Italy

Radoslaw Madry, Oncological Gynaecology Department,
Poznan University of Medical Sciences, Poznan, Poland

Mansoor Raza Mirza, Department of Oncology, Rig-
shospitalet, Copenhagen University Hospital, Copenhagen,
Denmark

Pascal Pujol, Montpellier Faculty of Medicine, University
Hospital of Montpellier, Montpellier, France

Isabelle Ray-Coquard, Medical Oncology, Centre Leon
Bérard and Université Claude Bernard Lyon, Lyon, France

Collaborators

Miguel Abreu, IPO Porto, Portugal

Sandra Balboni, President of Loto Onlus, Italy

Susana Banerjee, The Royal Marsden NHS Foundation
Trust, UK

Massimo Barberis, European Institute of Oncology, Italy

Maria Pilar Barretina Ginesta, ICO, Girona, Spain

Jean-Francois Baurain, Cliniques Universitaires Saint-Luc
(UCLouvain), Belgium

Manuela Bignami, LOTO ONLUS, Italy

Line Bjorge, Haukeland University Hospital, Norway

Pawel Blecharz, Institute of Oncology M. Sktodowskiej-
Curie, Krakow, Poland

llan Bruchim, Hillel Yaffe Medical Center, Israel

Mihai Capilna, University of Medicine, Pharmacy, Science
and Technology, Romania

Nicoletta Cerana, President of ACTO ONLUS, Italy

Americo Cicchetti, Universita Cattolica del Sacro Cuore,
Italy

Volume xxx m Issue xxx m 2021

Dearbhaile Collins, Consultant Medical Oncologist, Cork
University Hospital, Ireland

Nicole Concin, Innsbruck Medical University, Austria

Maurizio D’Incalci, Mario Negri Institute for Pharmaco-
logical Research, Italy

Ben Davidson, Norwegian Radium Hospital, Rik-
shospitalet University Hospital, Norway

Thibault de la Motte Rouge, Centre Eugéne Marquis,
Rennes, France

Pierandrea De laco, University of Bologna, Spain

Fuat Demirkiran, Istanbul University-Cerrahpasa, Turkey

Hannelore Denys, Ghent University, Belgium

Thilo Doerk, Hannover Medical School, Germany

Anne Dorum, Norwegian Radium Hospital, Oslo Univer-
sity Hospital, Norway

Annamaria Ferrero, Mauriziano Hospital Turin, Italy

Alejandro Pérez Fidalgo, H. Clinico, Valencia, Spain

Maurizio Genuardi, Agostino Gemelli University Poli-
clinic, Italy

Laurence Gladieff, Institut Claudius
Oncopole, Toulouse, France

Ros Glasspool, Beatson West of Scotland Cancer Centre,
UK

Christoph Grimm, Medical University of Vienna, Austria

Murat Gultekin, Ankara Hacettepe University, Turkey

Eric Hahnen, University of Cologne, Germany

Annette Hasenburg, University Medical Center Mainz,
Germany

Alinta Hegmane, Riga East Clinical University Hospital,
Latvia

Viola Heinzelmann, University of Basel, Switzerland

Estrid Hogdall, Herlev University Hospital, Denmark

Ramunas Janavicius, Vilnius University Hospital Santaros
Klinikos, Vilnius, Lithuania

Sonata Jarmalaite, National Cancer Institute, Vilnius,
Lithuania

Roshni Kalachand, Beaumont Hospital, Ireland

Radka Kaneva, Medical University of Sofia, Bulgaria

Saadettin Kilickap, Hacettepe University Oncology Insti-
tute, Turkey

Roman Kocian, Charles University/General University
Hospital, Czech Republic

Drahomir Kolencik, Charles University, Czech Republic

Rebecca Kristeleit, Guys and St Thomas’ NHS Foundation
Trust, UK

Anna Kryzhanivska, lvano-Frankivsk National Medical
University, Ukraine

Alexandra Leary, Gustave de Roussy, France

Birthe Lemley, ENGAGe (Danish Gynae Cancer Patient
Society), Denmark

Marjolijn Ligtenberg, UMC Netherlands, The Netherlands

José Antonio Lépez-Guerrero, VO, Valencia, Spain

Christopher J Lord, Institute of Cancer Research, London,
UK

Elisabeth Avall-Lundqvist,
Linkdping University, Sweden

Johanna Maenpaa, Tampere University and Cancer Cen-
ter, Tampere University Hospital, Tampere, Finland

Regaud IUCT-

Department of Oncology,

https://doi.org/10.1016/jannonc.2021.11.013 1


https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

Sven Mahner, Department of Obstetrics and Gynecology,
University Hospital, LMU Munich, Germany

Frederik Marmé, Women’s Clinic University Medicine
Mannheim, Germany

Christian Marth, Innsbruck Medical University, Austria

lain McNeish, Imperial College London, UK

Sabine Merkelbach-Bruse, University Hospital Cologne,
Germany

Marian Mourits, University Medical Center Groningen,
The Netherlands

Nicola Normanno, Istituto Nazionale Tumori IRCCS
‘Fondazione G. Pascale’/Oncological Research Center of
Mercogliano, Italy

Ana Oaknin, VHIO, Barcelona, Spain

Kristiina Ojamaa, Ida-Tallinna Keskhaigla, Estonia

Christos Papdimitriou, University of Athens, Medical
Oncology Unit, Greece

Frederique Penault-Llorca,
Ferrand, France

Anna Myriam Perrone, University of Bologna, Italy

Sandro Pignata, National Cancer Institute, Naples, Italy

Eli Pikarsky, Hebrew University Hadassah Medical School,
Israel

Etienne Rouleau, Gustave Roussy, Cancer Genetics Lab-
oratory (lead of Genetic group somatic testing), France

Maria Rubio, Reina Sofia, Cordoba, Spain

Anna Sapino, Fondazione Candiolo, Italy

University of Clermont-

12 https://doi.org/10.1016/j.annonc.2021.11.013

l. Vergote et al.

Barbara Schmalfeldt, University Medical Center
Hamburg-Eppendorf, Germany

Jalid Sehouli, Charité—Universitatsmedizin Berlin,
Germany

Ronnie Shapira, Sheba Medical Center, Israel

Karina Dahl Steffensen, University of Southern Denmark,
Denmark

Vladyslav Suhin, Grigoriev Institute for Medical Radiology
of the NAMS of Ukraine, Ukraine

John Syrios, Hygeia Hospital, Greece

Zoltan Szallasi, Harvard University, USA

Cagatay Taskiran, KOC University, Turkey

Milan Terzic, Department of Medicine, School of Medi-
cine, Nazarbayev University, Nur-Sultan, Kazakhstan

Marc Tischkowitz, University of Cambridge, UK

Ico Toth, ENGAGe Co-chair (Mallow Flower Foundation),
Hungary

Koen Van de Vijver, Department of Pathology, Cancer
Research Institute Ghent (CRIG), Ghent University Hospital,
Ghent, Belgium

Mehmet Ali Vardar, Cukurova University, Turkey

Bartosz Wasag, Department of Biology and Genetics,
Medical University of Gdansk, Gdansk, Poland

Pauline Wimberger, Department of Gynecology and Ob-
stetrics, Technische Universitdt Dresden, Dresden, Germany

Els Witteveen, University Medical Center Utrecht, The
Netherlands

Volume xxx m Issue xxx m 2021


https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.annonc.2021.11.013

	European experts consensus: BRCA/homologous recombination deficiency testing in first-line ovarian cancer
	Introduction
	Overview of consensus methodology
	Results
	BRCA testing following a diagnosis of ovarian cancer
	Homologous recombination repair deficiency (HRR deficiency)
	Non-BRCA homologous recombination repair (HRR) genes
	Mutations in mismatch repair (MMR) genes
	Genetic testing in the clinic

	Acknowledgements
	Funding
	Disclosure
	References
	Appendix: The European Consensus Group
	Steering committee
	Collaborators



