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• RAD51 functional assay requires minimal tissue and yields contributive results in >90% of cases.
• This assay identifies 54% of EOC patients with RAD51-low tumors and these patients presented better outcome.
• Among BRCA-mutated tumors, RAD51-high tumors showed poorer response to neoadjuvant chemotherapy
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Rationale. Homologous recombination deficiency (HRD), defined as BRCA1/2 mutation (BRCAmut) or high
genomic instability, is used to identify ovarian cancer (OC) patients most likely to benefit from PARP inhibitors.
While these tests are useful, they are imperfect. Another approach is to measure the capacity of tumor cells to
form RAD51 foci in the presence of DNA damage using an immunofluorescence assay (IF). We aimed to describe
for the first time this assay in OC and correlate it to platinum response and BRCAmut.

Methods. Tumor samples were prospectively collected from the randomized CHIVA trial of neoadjuvant plat-
inum+/− nintedanib. IF for RAD51, GMN and gH2AX was performed on FFPE blocks. Tumors were considered
RAD51-low if ≤10% of GMN-positive tumor cells had ≥5 RAD51 foci. BRCAmut were identified by NGS.
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Results. 155 samples were available. RAD51 assay was contributive for 92% of samples and NGS available for
77%. gH2AX foci confirmed the presence of significant basal DNA damage. 54% of samples were considered HRD
by RAD51 and presented higher overall response rates to neoadjuvant platinum (P = 0.04) and longer
progression-free survival (P = 0.02). In addition, 67% of BRCAmut were HRD by RAD51. Among BRCAmut,
RAD51-high tumors seem to harbor poorer response to chemotherapy (P = 0.02).

Conclusions.We evaluated a functional assay of HR competency. OC demonstrate high levels of DNA damage,
yet 54% fail to form RAD51 foci. These RAD51-low OC tend to be more sensitive to neoadjuvant platinum. The
RAD51 assay also identified a subset of RAD51-high BRCAmut tumors with unexpected poor platinum response.

© 2023 Elsevier Inc. All rights reserved.
Homologous recombination
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Neoadjuvant chemotherapy
1. Introduction

Epithelial ovarian cancer (EOC) affects around 300,000 patients
worldwide and represents the 5th cause of women mortality in devel-
oped countries [1]. Platinum-based chemotherapy is the cornerstone
of initial medical management whether as adjuvant treatment after
complete cytoreductive surgery or as neoadjuvant treatment for inoper-
able disease [2,3]. Maintenance with bevacizumab results in a modest
improvement in progression-free survival for women with advanced
EOC [4,5]. Nevertheless, a large majority of patients develop refractory
disease within the next few years.

Recently, the development of poly(adenosine diphosphate–ribose)
polymerase (PARP) inhibitors have transformed the 1st line EOC treat-
ment landscape, bringing unprecedented benefit for patients. The
SOLO1 trial demonstrated tremendous improvement in disease-free
survival of BRCA-mutated tumors treatedwith olaparib as 1st linemain-
tenance after standard platinum-based chemotherapy [6]. A benefit was
also observed in BRCA-wild-type (WT) EOC treated with niraparib, and
in BRCA-WT cancers with a high genomic instability score (GIS) accord-
ing to Myriad® testing treated with olaparib in combination with beva-
cizumab, as frontline maintenance after chemotherapy [7,8].

Approximately 25% of patients with EOC harbor germline or so-
matic BRCA 1 or 2 mutations and, considering the benefit of PARP in-
hibitors in this population, molecular assays have entered routine
practice, regardless of family history. An additional 20% have BRCA-
WT tumors but classified as homologous recombination deficient
(HRD) on the basis of a high GIS and derive comparable benefit
from frontline PARP inhibition [7,9].

While these genomic tests (BRCAmutation and GIS) are useful, they
are imperfect. A subset of BRCA-mutated EOC demonstrate PARPi resis-
tance, and some patients without BRCA mutation and a low GIS also
benefited from niraparib compared to placebo in the PRIMA trial [8].
In addition, these genomic tests require a significant amount of tumor
tissue and result in a non-contributive result in 15% of patients due to
low cellularity or poor quality DNA [7,8]. Finally, GIS measure genomic
“scars” resulting from HRD, as such they are static and will not evolve
or change in the event of secondary events restoring HR proficiency.
Therefore, additional biomarkers are urgently needed to better identify
real-time homologous recombination proficiency status [10].

In this regard, functional HR assays are emerging as candidate bio-
markers. RAD51 is a key downstream effector of the HR pathway, it me-
diates the homology search of the single-strand DNA and initiates
strand invasion [11]. Numerous assays have been developed to detect
RAD51 foci formation in response to DNA damage as a reflection of HR
competency [12–16]. This approach measures the capacity of tumor
cells to recruit nuclear RAD51 foci during S/G2 phase in the presence
of extensive double strand DNA damage. Initially these assays required
fresh tissue and exogenous DNA damage. However, certain tumors such
as triple negative breast or high grade ovarian cancers may harbor high
levels of basal endogenous double strand DNA breaks and thus may not
require exogenous DNA damage. In this regard, Castroviejo-Bermejo
et al. demonstrated that the evaluation of RAD51 foci in fixed treatment
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naïve tumors predicted PARPi benefit in breast cancer patient-derived
xenografts and was feasible in archival patient samples [17–19].

We aimed to evaluate for the first time the multiplexed immune-
fluorescent RAD51 assay in untreated formalin-fixed paraffin embed-
ded (FFPE) EOC samples from patients treated in a prospective trial of
neoadjuvant platinum chemotherapy and correlate RAD51 status to
platinum response and BRCA mutations.

2. Material and methods

2.1. Patients

The CHIVA trial (ClinicalTrials.gov identifier: NCT01583322)
recruited patientswith inoperable FIGO IIIC/IV EOCwhowere candidate
to receive neoadjuvant chemotherapy (NACT). Between January 2013
andMay 2015, 188 patients were randomized to 3 cycles of carboplatin
AUC5 and paclitaxel 175 mg/m2 with nintedanib (BIBF) or placebo
before debulking surgery, followed by adjuvant chemotherapy with or
without nintedanib. Per protocol, formalin-fixed paraffin-embedded
(FFPE) tumor samples from diagnostic laparoscopy were collected and
155 samples containing tumor cells were prospectively collected and
centralized in an academic tumor bank. All samples involved distant
localizations (peritoneum).

Response rates at the end of NACT were assessed according to
RECIST1.1 and were categorized in two groups: objective response
(OR+) when partial response or complete response was observed as
best response, and no objective response (OR−) when stability or pro-
gressive diseasewas observed as best response. In addition, the achieve-
ment of complete cytoreduction (CC0) at interval debulking surgery
was also assessed. Both OR+ and CC0were independent factors associ-
ated with improved outcomes [20].

The trialwas negative: the addition of nintedanib resulted in a statis-
tically significant reduction in PFS and objective response, attributable
to increased toxicity and lower chemotherapy exposure [21]. Thus, cor-
relations between RAD51 assay and baseline characteristicswere evalu-
ated in the intent to treat population (ITT), but correlations with
platinum response in the placebo group (P) only.

The methods were performed in accordance with relevant guide-
lines and regulations and were authorized by ANSM on June 6, 2012
and received a favorable opinion of the local medical ethics committee
Ile de France 1 onMarch29, 2012. All the patients providedwritten con-
sent to translational research substudies.

2.2. RAD51 functional assay

Each FFPE tumor sample was reviewed by the same expert patholo-
gist who circled tumor rich areas. Tissue microarrays (TMA) were then
constructed from3x1mm tumor cores. Immunofluorescence for nuclear
RAD51, geminin (S/G2 phase marker), γH2AX (double strand DNA
damage marker) and DAPI was performed on 3 μm-thick FFPE sections
from these TMAs. In the event that therewas insufficient tumor cellular-
ity on the three spots from the TMA, a 3 μm section from the
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correspondingwhole blockwasused. The immunofluorescence staining
was performed as previously described [17–19]. Briefly, all sections
were heated at 60 °C for 1 h, deparaffinizedwith xylene and rehydrated
with decreasing concentrations of ethanol. For target antigen retrieval,
sections were pre-heated in DAKO Antigen retrieval buffer (pH 9.0) in
a microwave for 20 min. Then, sections were cooled down for 30 min
at room temperature (RT), incubated in distilled water for 5 min,
permeabilized with DAKO Wash Buffer for 5 min and incubated in
blocking buffer (1% bovine serum albumin diluted in DAKO Wash
Buffer) for 5 min. Subsequently, sections were incubated with primary
antibodies (diluted in DAKO Antibody Diluent) for 1 h at room temper-
ature, washed (DAKOWash Buffer) for 5min and incubated in blocking
buffer for 5 min. Finally, sections were incubated with secondary anti-
bodies (diluted in blocking buffer) for 30 min at RT, washed for 5 min,
incubated in blocking buffer for 5 min and incubated in distilled water
for 5 min. Sections were dehydrated with increasing concentrations of
ethanol and mounted with DAPI ProLong Gold antifading reagent. Bio-
marker scoring was manual and life, and immunofluorescence images
were acquired using Olympus DP72 microscope.

Geminin, a cell-cycle regulator that prevents DNA replications was
used as counterstaining to mark for S/G2-cell cycle phase. RAD51 foci
were quantified on TMA and patient tumor whole sections, by scoring
the percentage of geminin-positive tumor cells with ≥5 RAD51 foci per
nucleus. Scoring was blindly performed using a 60×/1.4 oil immersion
lens. One hundred geminin-positive cells from 4 to 5 representative
areas of each sample were counted. Tumors were classified as RAD51-
low when ≤10% Geminin+ tumor cells were RAD51 positive (≥5
RAD51 foci) (Fig. 1). This cut-off was based on a previously validated
cut-off in breast cancer [14,17–19]. Two independent readers (EYG
and ALG) scored the same first 30 samples and achieved great consis-
tency, the rest of the cohort was scored by one reader (EYG).

The amount of DNA damage was quantified on all EOC tumor sam-
ples by scoring the percentage of geminin-positive cells with γH2AX
foci, as described for RAD51 scoring. Confirmation of marker expression
on tumor cells and not normal cells was performed by review of a
sequential H&E stained slide.

2.3. Next generation targeted sequencing

The FFPE samples were extracted with theMaxwell Promega for the
extraction of genomic DNA with the Maxwell® RSC DNA FFPE Kit
(AS1450). The proteinase K treatment was done overnight at 56 °C
and finalizing at 80 °C during 4 h. If DNA quantity or quality was poor,
then DNA was extracted from interval debulking surgery samples after
NACT.
Fig. 1. (a) Representative image of a HR proficient tumor based on the presence of RAD51 n
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The panel targets all tumor suppressors or oncogenes covering the
complete sequencing of the codifying region of a total of 411 genes iden-
tifies point mutations, including single-nucleotide variants and small
indels. The detection of CNVs throughout the genome, from gains and
losses of chromosomes or complete chromosomal arms, to specific
genes and even exons was based on the coverage ratio. The total size
of this panel is 1,739,310-pb. The custom panel uses the SureSelect XT
HS kit (Agilent Technologies, Santa Clara, CA United States) designed
for small amounts of FFPE DNA as input and detect low allelic frequen-
cies. After the enzymatic fragmentation of 50–200 ng of tumoral gDNA
from each sample to an average of 200–400 bases The full preparation
was done on a Bravo equipment option B (Agilent). Library quality con-
trol was performed on Tapestation 2000 and the commercial kits D1000
reagents and D1000 ScreenTape (Agilent). DNA samples were end-
repaired, dA-tailed and ligated to the molecular-barcoded adaptor sys-
tem and purified using AMPure XP beads. Pooled libraries containing
captured DNA fragments were subsequently sequenced on an NovaSeq
6000 platform (Illumina) as 2 × 150-bp paired-end reads. Sequences
were demultiplexed using an in-house tool.

The data analysis pipeline included the following algorithms devel-
oped internally: BWA-MEM v-0.7.12 for read alignment to the hg19
human reference genome and Samtools v-1.2 and Picard-tools v-1.139
for PCR duplicate quantification and removal. GATK Haplotype v-3.4-
46, snpEff v-4.0 andMutaCaller-1.7 (home pileup internally developed)
were used for variant calling and classification. Variants were called
with a minimum allelic frequency threshold of 1% for already classified
variants (those known in the internal database) and 5% for non-
classified variants, and a read depth threshold of 30× for the total
reads at the variant location and at least 10× for the variant.

Several filters were applied to further select for potential relevant
variants among the called variants. The population databases Exac and
gnomAd were used to automatically filter out polymorphism as soon
as the population frequency was higher than 0.5%. Non-classified vari-
ants (not known in the internal database) were excluded if the intrarun
recurrency was superior to 4 [9]. The in silico panel HR-gene includes
TM, exons 2–63; BARD1, exons 1–10; BRCA1, exons 1–24; BRCA2,
exons 2–27; BRIP1, exons 2–20; CDK12, exons 1–14; CHEK2, exons
2–15; PALB2, exons 1–13; RAD51C, exons 1–9; and RAD51D, exons
1–14. Additional genes included in the panel were TP53 (exons 1–12)
and CCNE1 (only for amplification detection).

Variants were categorized using the 5-tier pathogenicity classifica-
tion according to Plon and colleagues, 2008; class 1 = benign, class
2 = likely benign, class 3 = variant of unknown significance (VUS),
class 4 = likely pathogenic, and class 5 = pathogenic [22]. Only class
3, 4, and 5 variants are reported in the manuscript.
uclear foci (b) Representative image of a RAD51-low tumor (HRD). GMN = Geminin.



Fig. 2. Consort Diagram representing participant flow in the study.
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The deletion and duplication of exons were defined with the av-
erage ratio of coverage for each exon or part of exon. A ratio under
0,5 was considered as deleted and a ratio superior to 1,3 was consid-
ered as duplicated. The full deletion of the gene was not considered
with this approach, but the comparison between the neoplastic
cells percentage and the allelic fraction was used to determine a pu-
tative loss of heterozygosity. If the allelic fraction represents the
double of the neoplastic cells percentage, the LOH with a deletion
of the allele was inferred.

In BRCAmutated tumors, SNP arraywas performed on FFPE DNA ex-
tracted samples with OncoScan FFPE Assay Kit (335 k probes, Thermo
Fisher Scientific, Waltham, Massachusetts, United States) to confirm
that the genomic event was bi-allelic on the BRCA1 and BRCA2 locus
only.
Table 1
Patients characteristics and response to neoadjuvant chemotherapy (NACT) for epithelial ovaria
range; *BIBF versus placebo according to Fisher's exact test.

Variable Total
N = 1

Age Med [Range] 64.0 (
Histology (Central pathologic review) Serous/papillary 109 (8

Endometrioid 1 (1%)
Carcinosarcoma 3 (2%)
Clear Cell 1 (1%)
Undifferenciated 9 (7%)
Unknown 52

Grade 1 2 (2%)
3 86 (98
Missing 67

FIGO stage at diagnostic IIIC 119 (7
IV 36 (23

ECOG 0–1 138 (9
2 15 (10
Missing 2

Response rate to NACT Yes 57 (43
No 75 (57
Missing 23

Complete cytoreductive surgery Yes 77 (52
No 70 (48
Missing 8
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2.4. Statistics

Statistical analysis was performed on thewhole cohort; no formal
calculation of power or sample size was needed. Descriptive statis-
tics were used to summarize patient demographic and clinical
characteristics.

Comparisons between categorical variables were performed
using a non-parametric Fisher's exact test. A P-value of <0,05 was
considered significant. Overall survival and disease-free survival
were estimated using the method of Kaplan and Meier and pre-
sented with Rothman's 95% confidence intervals at 5 and 10 years.
Hazard ratios with 95% confidence intervals were calculated using
Cox models with no adjustment.

All statistical analyseswere carried out using Prism (version 8.0) and
RStudio (version 1.4.1103).
3. Results

3.1. Study population

155 patients with available FFPE material were analyzed in this
study. 101 patients in the nintedanib group and 54 in the placebo
(Fig. 2). The median age was 64 years, interquartile range (IQR)
[59;69], with patients presenting good performance status (ECOG 0–1
in 89.4% of the cases). After centralized pathological review, a large ma-
jority of patients had serous/papillary histologic subtype (90%) and high
grade (Grade 3) tumors (97%). Only 2 patients with Grade 1 tumors
were included. 77% of patients presented FIGO stage III disease and
23% FIGO stage IV. Clinical characteristics were well balanced between
the two subgroups and similar with the overall CHIVA cohort (Table 1
and Supplementary Table 1).

Median overall survival (mOS) was 37.9 months (95% CI 32.5–47.1)
and median progression-free survival (mPFS) was 14.5 months (95% CI
13.3–16.7) (Supplementary Table 2). The nintedanib armpresented sig-
nificantly poorer outcomes in comparison to the placebo subgroup both
in OS, 34.3 months (95% CI 27.6–41) vs. 44.1 (95% CI 34.2 - not achieved
[NA]) (P = 0.04), as well as in PFS, 13.7 (95% CI 11.7–15.4) vs.
17.2 months (95% CI 13.7–22.5) (P = 0.03).
n cancerwith available FFPEmaterial in theCHIVA trial.Med=median; IQR= interquartile

55
BIBF
N = 101

Placebo
N = 54

P-value*

31–79) 64.0 (31–79) 64.0 (43–79) 0.59
9%) 70 (90%) 39 (87%) 0.59

1 (1%) 0 (0%)
1 (1%) 2 (4%)
1 (1%) 0
5 (5%) 4 (9%)
36 16
2 (3%) 0 (0%) 0.68

%) 58 (97%) 28 (100%)
41 26

7%) 80 (79%) 39 (72%) 0.33
%) 21 (21%) 15 (28%)
0%) 92 (93%) 46 (85%) 0.16
%) 7 (7%) 8 (15%)

2 0
%) 30 (36%) 27 (55%) 0.04
%) 53 (64%) 22 (45%)

18 5
%) 44 (46%) 33 (64%) 0.04
%) 52 (54%) 18 (35%)

5 3



Table 2
List of molecular alterations in TP53 and BRCA genes detected by in-house panel NGS.
WT = wild-type; *BIBF versus placebo according to Fisher's exact test.

Variable Total
N = 155

BIBF
N = 101

Placebo
N = 54

P-value*

TP53 status TP53 mutation 104 (87%) 66 (86%) 38 (90%) 0.83
TP53 intronic mutations 7 (6%) 5 (6%) 2 (5%)
WT 8 (7%) 6 (8%) 2 (5%)
Missing 36 24 12

BRCA status BRCA1 Mutation 10 (8%) 4 (5%) 6 (14%) 0.30
BRCA2 Mutation 8 (7%) 4 (5%) 4 (10%)
BRCA1 deletion 2 (2%) 2 (3%) 0
BRCA2 deletion 4 (3%) 3 (4%) 1 (2%)
WT 95 (80%) 64 (83%) 31 (74%)
Missing 36 24 12
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3.2. Genomic alterations

119 samples had acceptable DNA quantity and quality for NGS re-
sulting in a contributive testing rate of 77% (Fig. 2 and Table 2). As ex-
pected, the prevalence of TP53 mutations was high, found in >93%
(111/119) of the tumors, with a majority of single-nucleotide variation
(SNV) mutations. 8 tumors did not exhibit any TP53 mutation (6 in the
nintedanib group and 2 in the placebo group), however, all of them
were high grade tumors (grade 3).

Deleterious BRCA SNVmutations (BRCAmut)were detected in 18 out
of the 119 tumors (15%), with 10 BRCA1 and 8 BRCA2 mutations.
In addition, 6 BRCA deletions (BRCAdel) were detected (5.0%).

3.3. DNA damage and prevalence of HRD by RAD51

This cohort of untreated EOC samples demonstrated high levels of
γH2AX foci with a median value of 86% of tumor cells (TC) being
γH2AX-positive per sample and IQR of [56.47–100], thus testifying to
high levels of spontaneous DNA damage (Fig. 3A, B). Among the small
subset of tumors with low γH2AX expression (<10% TC positive)
(N=8), all were centrally confirmed as high-grade serous/papillary tu-
mors and TP53-mutated tumors and thus were not excluded from the
analyses.

Out of the overall 155 patients from the CHIVA cohort with available
tissue, RAD51 assay was assessable in 142 patients resulting in a con-
tributive test result of 92% (Fig. 2). Median RAD51 score (percent of
geminin+ TC also RAD51+) was 8% with IQR [1.7–25.6], 76 tumors
(54%) were scored RAD51-low (score ≤ 10%) (Fig. 4). The proportion
Fig. 3. (a)Distribution of gH2AX foci. Median 86.65; IQR of [56.47–100]. 8 patientswith low gH2
a tumor with dsDNA damage based on the presence of gH2AX nuclear foci.
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of RAD51-low tumors was numerically higher in the placebo than in
the nintedanib arm, however this difference was not statistically signif-
icant (63% vs 49% for P vs N; P = 0.11).

Non-serous/papillary tumors (including clear-cell, endometrioïd,
carcinosarcomas and undifferentiated tumors) were RAD51-high in 6
out of the 12 analyzable cases (50%). TP53-WT tumors were considered
RAD51-high in 3 out of the 7 analyzable cases (43%).

3.4. RAD51 correlation with BRCA alterations

AmongBRCAmut tumors, 67% (12/18)were scored RAD51-low: 5/10
(50%) of BRCA1 mutated tumors vs. 7/8 (88%) BRCA2 mutated tumors
(Fig. 4, Supplementary Fig. 1). All 6 tumors harboring BRCA deletions
were classified as RAD51-low.

Six tumors with confirmed BRCA mutations presented high RAD51
expression. All of them were grade III, serous/papillary and TP53-
mutated tumors. In one patient (ID 2), the RAD51 score was just
above the cut-off (RAD51 score = 11%). The 5 remaining tumors (ID
62, 66, 91, 106, 151)were characterized by SNP array. All 5 patients pre-
sented complete loss of heterozygosity (chromosome 17 or 13 deletion
associated with isodisomia in case of BRCA1 or BRCA2 deficiency
respectively), confirming bi-allelic events (Supplementary Fig. 2).

3.5. RAD51 correlation with clinical outcomes

We then correlated RAD51 status to platinum responsiveness in the
placebo subgroup. 27 patients in the placebo arm presented partial or
complete response to neoadjuvant platinum chemotherapy (55%)
whereas 22 did not (45%), 33 patients benefited from CC0 surgery
(68.8%), 18 did not (31.2%). Patients with RAD51-low EOC presented
significantly higher overall response rates to neoadjuvant chemother-
apy (68% vs 37%, RAD51-low vs RAD51-high; P = 0.04). Likewise, pa-
tients with RAD51-low tumors presented numerically higher
complete cytoreductive surgery rates after NACT, however the differ-
ence did not reach statistical significance (76% vs 52%, P = 0.13) (Sup-
plementary table 3). In the placebo subgroup, median PFS was
14.1 months (95% CI 12.4–21.4) in the RAD51-high subgroup vs.
18.0 months (95% CI 13.7-NA) in the RAD51-low subgroup, P = 0.03.
Likewise, median OS was 32.7 months (95% CI 25.2-NA) vs. NA (95%CI
39.7-NA) in the RAD51-high vs-low subgroup respectively, P = 0.06.
(Fig. 5).

Among BRCA mutation carrier patients, response rate to NACT was
67%. Interestingly, in this small exploratory subset of patients, RAD51-
AX (<10%), among them twopatientswith low-grade tumors. (b) Representative image of



Fig. 4. Distribution of RAD51 scoring (N = 142). Median 8.35; IQR [1.73–25.63]. 76 patients (53.5%) were considered RAD51 low (score ≤ 10). ID correspondence with TP53mut and
BRCAmut
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high tumors presented worst response rates to NACT (RR 17% versus
77% among RAD51-high vs RAD51-low, P = 0.04). However, we did
not observe any significant difference in complete cytoreductive sur-
gery rates, PFS or OS.

4. Discussion

We present an exploratory study testing a novel RAD51 IF assay in a
clinical trial-quality cohort of ovarian cancer patients treated with neo-
adjuvant platinum chemotherapy. The assay requires very minimal
Fig. 5. [a] Progression free survival in theplacebo subgroup (N=50)based on theRAD51 score,
P = 0.065.
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tumor material (two FFPE sections 3 μm-thick), is feasible in TMA sec-
tions and yields contributive results in >90% of patients. In contrast, ge-
nomic testing which requires more tumor material and >100 ng DNA
results in 80% contributive tests [7,8]. In order to reliably evaluate HR
deficiency, the assay is based on the failure to form nuclear RAD51 foci
during S/G2 cell phase in the presence of double strand DNA damage.
As expected, treatment naïve high grade ovarian tumors harbor high
levels of spontaneous DNA damage, confirmed by γH2AX foci, and
thus represent an ideal candidate to test HR functional tests on fixed
basal tissue. Overall, more than half of the patients (54%) are considered
P=0.033. [b] Overall survival in the placebo subgroup (N=50) based on theRAD51 score,
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RAD51-low and potentially present homologous recombination defi-
cient tumors [18].

RAD51 status is imperfectly related to BRCAmutations, with a calcu-
lated accuracy of 53%. However, RAD51 assay identifies 66% of BRCAmut
tumors as harboring functional HRD (RAD51-low). We can hypothesize
that RAD51 assay has the potential to detect a BRCAmut subpopulation
with primary resistance to platinum-based chemotherapy and probably
HR proficiency. Although the exploratory nature of this study and the
relatively small number of cases hamper definitive conclusions, we ob-
served an intriguing correlation of HRD status by RAD51 status in neo-
adjuvant treatment outcome among BRCAmut tumors (ORR = 77% vs
17%; P = 0.04). A greater proportion of BRCA2mut than BRCA1mut tu-
mors are HRD by RAD51. Once again, this result must be interpreted
with caution regarding the respective number of patients involved
(N=18). However, this observation is consistent with reports suggest-
ing that BRCA2mHGOC present better platinum response and outcome
than BRCA1mut HGOC [24–26]. Our results are also in line with data
from randomized PARPi trials showing that BRCA2mut HGOC tumors
derive greater benefit from PARPi in the maintenance setting than
BRCA1mut HGOC tumors [27]. Finally, in patient-derived xenograft
models of BRCA1/2 mutated breast cancer, non-HRD by RAD51 tumors
were resistant to PARPi treatment ex vivo, despite confirmed deleteri-
ous BRCA mutation and LOH [18]. Taken together, these data suggest
that the capacity of RAD51 assay to detect chemoresistant BRCA mu-
tated tumors, unlikely to benefit from PARP inhibition, is worthwhile
to be confirmed on larger cohorts.

We acknowledge the exploratory nature of our study responsible for
several limitations. Firstly, RAD51 cut-off was defined based on preclini-
cal, or clinical studies in breast cancer and may not be the optimal
cut-off in patients' samples with HGOC [19]. Regarding the assay, the dis-
tribution of RAD51 scoring in HGOC is continuous rather than bi-modal,
making the biologically relevant threshold hard to define. At the time
the study was designed, we didn't have access to the Myriad HRD test,
which represents the “gold standard”based on randomizedphase III trials
[7,8]. The correlation between RAD51 score and other available HRD tests
is needed. We plan to complete our analyses with SNP array to confirm
that detected BRCA deletions are biallelic events, as well as BRCA1 and
RAD51 methylation status, found in around 10% of OC patients [28],
which may explain the HRD status in a subgroup of BRCA-wt tumors
[28,29]. Finally, the multiplicity of statistical tests and the subgroup anal-
ysis performed on the placebo cohort only might have biased our results
and raise the hypothesis of false positive associations. Herein, our obser-
vations need further validation on independent cohorts.

To conclude, we report the performance of an assay of HR function-
ality in a homogenous cohort of advanced EOC. Around half of HGOC
tumors are RAD51-low and present significantly improved outcome
after neoadjuvant platinum. The RAD51 assay also identifies a small
subset of RAD51-high BRCAmut tumors with poor platinum response.
Whether this RAD51 functional assay may also predict PARP inhibitor
benefit is currently being investigated.
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