Roussel-Simonin et al. Molecular Cancer (2023) 22:178 MO'GCU Iar Cancer
https://doi.org/10.1186/512943-023-01864-1

L . ®
Homologous recombination deficiency e

(HRD) testing on cell-free tumor DNA
from peritoneal fluid

Cyril Roussel-Simonin'", Felix Blanc-Durand®?, Roseline Tang*, Damien Vasseur®, Audrey Le Formal®,
Laure Chardin?, Elisa Yaniz®, Sébastien Gouy®, Amandine Maulard®, Stéphanie Scherier®, Claire Sanson®,

Ludovic Lacroix?, Sophie Cotteret?, Lea Mauny?, Francois Zaccarini®, Etienne Rouleau®® and Alexandra Leary*?

Abstract

Background Knowing the homologous recombination deficiency (HRD) status in advanced epithelial ovarian cancer
(EOQ) is vital for patient management. HRD is determined by BRCA1/BRCA2 pathogenic variants or genomic instabil-
ity. However, tumor DNA analysis is inconclusive in 15-19% of cases. Peritoneal fluid, available in >95% of advanced
EOC cases, could serve as an alternative source of cell-free tumor DNA (cftDNA) for HRD testing. Limited data show
the feasibility of cancer panel gene testing on ascites cfDNA but no study, to date, has investigated HRD testing.

Methods We collected ascites/peritoneal washings from 53 EOC patients (19 from retrospective cohort and 34
from prospective cohort) and performed a Cancer Gene Panel (CGP) using NGS for TP53/HR genes and shallow Whole
Genome Sequencing (sWGS) for genomic instability on cfDNA.

Results cfDNA was detectable in 49 out of 53 patients (92.5%), including those with limited peritoneal fluid. Median
cfDNA was 3700 ng/ml, with a turnaround time of 21 days. TP53 pathogenic variants were detected in 86% (42/49)
of patients, all with HGSOC. BRCA1 and BRCA2 pathogenic variants were found in 14% (7/49) and 10% (5/49) of cases,
respectively. Peritoneal cftDNA showed high sensitivity (97%), specificity (83%), and concordance (95%) with tumor-
based TP53 variant detection. NGS CGP on cftDNA identified BRCA2 pathogenic variants in one case where tumor-
based testing failed. sSWGS on cftDNA provided informative results even when tumor-based genomic instability
testing failed.

Conclusion Profiling cftDNA from peritoneal fluid is feasible, providing a significant amount of tumor DNA. This fast
and reliable approach enables HRD testing, including BRCA1/2 mutations and genomic instability assessment. HRD
testing on cfDNA from peritoneal fluid should be offered to all primary laparoscopy patients.
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Introduction

Ovarian cancer is the most lethal gynecological cancer
worldwide accounting for 250 000 cases and 180 000
deaths annually. High-grade serous ovarian cancer
(HGSOC) is the most common and aggressive subtype
of ovarian cancer with a 5 year-overall survival of 30%,
essentially due to the advanced stage at the time of diag-
nosis as most EOC are diagnosed at stage I1I or IV (70%)
[1].

Approximatively 50% of HGSOC harbor homologous
recombination deficiency (HRD) with high levels of
genomic instability, either due to a germline or somatic
BRCA1/2 pathogenic variant or to another unknown
mechanism [2, 3]. Poly (adenosine diphosphate—ribose)
polymerase inhibitors (PARPi) block the repair of single
strand breaks thus generating double-strand breaks that
cannot be repaired in tumors that are HRD [4]. Large
phase III randomized clinical trials evaluating the benefit
of PARPi as 1*' line maintenance treatment for advanced
(stade II/IV FIGO) high grade OC have now clearly
established that HRD status determined by BRCAI1/2
pathogenic variant and genomic instability testing pre-
dicts magnitude of benefit from this class of agents [4—8].
It is today essential that every patient with newly diag-
nosed high grade ovarian cancer is offered testing for
BRCA1/2 gene pathogenic variant and genomic insta-
bility. Unfortunately HRD testing on formalin-fixed,
paraffin-embedded (FFPE) tumor samples yields non-
contributive results in 15% to 19% of patients due to low
tumor cellularity or poor quality DNA [5-7]. This can be
particularly problematic in patients who are not candi-
date for primary debulking surgery where the only tumor
sample may be a small biopsy obtained at diagnostic
laparoscopy, or necrotic samples from interval debulk-
ing surgery post-neoadjuvant chemotherapy. More than
half of women with stage III/IV high grade OC exhibit
clinically evident malignant ascites at diagnosis, in addi-
tion a further subset present smaller amounts of cyto-
logically confirmed malignant peritoneal free fluid at
surgical exploration [9]. We recently demonstrated that
98% of patient with stage III/IV HGOC have at least a
small amount of clinically visible peritoneal fluid (ascites)
at diagnostic laparoscopy or laparotomy (submitted).
This peritoneal fluid known to contain tumor cells could
provide an alternative liquid biopsy sample for HRD
tumor testing.

Cell-free tumor DNA (cftDNA) has been studied for
the last 30 years and can be detected in various body
fluids including blood, urine, pleural fluid and ascites
[10]. It is now commonly used [11] in some cancers like
EGFR mutated non-small cell lung cancer [12]. However,
c¢fDNA in ascites (acfDNA) has been less studied. Some
have shown that acfDNA can be detected in gastric [13]
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or colon cancer [14]. Han and colleagues [15] identified
nine somatic pathogenic variants in matched tumor tis-
sue and ascites from 10 OC patients. Another study con-
firmed high concentrations of cftDNA in ascites from
18 OC patients and intriguingly, showed that cftDNA
yielded higher variant allele frequency in ascites com-
pared to than DNA extracted from tumor cells [16]. These
results suggest that cftDNA from ascites in patients with
advanced EOC can provide a surrogate liquid biopsy to
characterize the genomic landscape of ovarian cancer.

In this study, we aimed to evaluate the feasibility
and clinical usefulness/performance of HRD testing
on cftDNA from peritoneal fluid in newly diagnosed
advanced ovarian cancer patients. A Cancer Gene Panel
(CGP) including TP53 (as a control to confirm detection
of tumor DNA) as well as BRCA1/2 and other HR-related
genes, was analysed by Next Generation Sequencing
(NGS) on matched tumor DNA from FFPE tissue sam-
ples and cftDNA from ascites from 53 patients present-
ing with advanced OC at Gustave Roussy’s cancer center.
In addition, we performed genomic instability testing on
FFPE tumors and cftDNA from peritoneal fluid samples.

Material & methods

Identification of patient and collection of samples

All patients provided written informed consent author-
izing the use of biological samples obtained during their
routine diagnosis and treatment as part of the prospective
academic research study OvBIOMARK (NCT03010124).

In a first pilot phase, we retrospectively analyzed ascites
collected between 2017 and 2021 during primary or sec-
ondary laparoscopy, from 19 patients with confirmed
EOC. At that time, 15 mL of freshly collected ascites were
double centrifuged at 1000 g and 14 000 g within an hour
of collection and the supernatant was frozen at -80 °C.

We then prospectively collected 15-20 ml of perito-
neal fluid samples between January 2022 and August
2022 from patients with suspected or confirmed epithe-
lial ovarian cancer during primary or secondary lapa-
roscopy/laparotomy. Those subsequently confirmed as
non-EOC primaries (such as gastro-intestinal tumor
or endometrial carcinoma) were excluded from further
analysis. In addition, we collected 7 ascites from OC
patients who required paracentesis for symptom control
in the relapsed setting. Finally for 7 patients who did not
present any visible peritoneal fluid at laparoscopic explo-
ration, peritoneal washings were collected (referred to as
indirect ascites).

In this second prospective phase, 20 ml of ascites or
peritoneal washings were collected into 2 cell-free DNA
collection tube of 10 ml each (PAXgene®). Peritoneal
fluid (ascites) or washings (indirect ascites) were centri-
fuged within 4 h after the collection at 1500 g for 10 min.
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The supernatant was then centrifuged a second time at
20 000 g for 10 min and the supernatant was frozen at
-80 °C.

DNA extraction from ascites and CGP

cfDNA was extracted from 1 to 4 ml of the centrifuged
fluid using the QIASymphony Circulating DNA Kit (Qia-
gen) following manufacturer’s instruction, or Maxwell®
RSC ccfDNA Plasma Kit (Promega) following manufac-
turer’s instruction. The quality control of cfDNA were
analyzed with the Cell-free DNA ScreenTape assay
(Agilent).

The NGS CGP on matched FFPE tumor sample and
cfDNA for the first 19 patients covered 65 genes includ-
ing TP53, BRCA1/2 and other HR-related genes. In the
prospective part of the study (N=34 pts), the panel was
extended to 109 genes. The details regarding the 65 and
109 panel gene can be found in Supp Data.

A sample was considered as containing Cell free DNA
if a mononucleosomal spike was detected at 160-bp
and further spikes every 160-bp between 160 to 700 bp.
The presence of these replicate spikes was considered a
marker of cfDNA quality. Samples were considered as
containing poor quality cfDNA for NGS if the first spike
at 160-bp was not visible and as poor quality for sWGS as
detailed in the publication by Eeckhoutte, A. et al. [17].

Genomic instability testing

Every patient included in our cohort had a genomic
instability test (MyChoice Myriad®) conducted on DNA
from formalin-fixed paraffin embedded (FFPE) tumor
tissue specimen. This assay allows the determination of
a Genomic Instability Score (GIS) which is an algorith-
mic measurement of Loss of Heterozygosity (LOH),
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Telomeric Allelic Imbalance (TAI), and Large-scale State
Transitions (LST). Sample is considered HRD if GIS
is>42.

The MyChoice Myriad® assay cannot be performed on
cfDNA, thus we evaluated genomic instability in cftDNA
samples using Shallow Whole Genome Sequencing
(SWGS). This approach represents an attractive alterna-
tive as it requires low DNA input, it is fast and cost effec-
tive [17]. Genomic instability testing using sWGS used
the shHRD algorithm. This algorithm is based on the
number of large-scale genomic alteration (LGA) which
is defined as intra-chromosome arm CNA breaks with
adjacent segments>10 Mb. It is the reflection of LST in
Myriad® HRD scar assay. A given sample is considered
HRD if LGA is>20 and is considered HR proficient if
LGA is<15. Samples with LGA between 15 and 19 are
considered “borderline” [17].

Results

Patient characteristics

A total of 53 patients were included in our study (Fig. 1).
19 patients from the retrospective pilot study (ascites at
1° laparoscopy (N'=18) or interval 2° surgery/laparoscopy
(N=1)) and 34 from the prospective study (ascites at 1°
laparoscopy (N=17), ascites at 2° laparoscopy (N=10) or
therapeutic paracentesis N="7). The high rate of ascitic
sample collection at interval surgical exploration in our
series is attributable to the fact that some patients were
referred to our center for debulking surgery after 3-4
cycles of neoadjuvant chemotherapy.

Direct ascites was collected for 34/35 of samples
obtained at 1° laparoscopy, for 5/11 at 2° laparoscopy and
7]/7 at paracentesis. Among patients with visible ascites
at laparoscopy (N=39), ascitic volume was 20-100 ml in

N=60

Prospective and retrospective collection of peritoneal fluid from
patients with confirmed or suspected stage Ill/IV EOC

Excluded (n=7) :

Gastro-intestinal cancer (n=4)
Endometrial cancer (n=3)

Patient with confirmed stade IlI/IV EOC

v ‘

.

Primary laparoscopy (n= 35) Secondary laparoscopy (n=11) Ascitic drainage at relapse (n=7)

Indirect ascites Direct ascites

=3 N=

Direct ascites
N= 34

Indirect ascites

Fig. 1 Flow Chart
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18% (7/39), 100-500 ml in 8% (3/39), 500-1000 ml in 28%
(11/39) and > 1000 ml in 46% (18/39). For patients with-
out visible ascites (at 1°, N=1 or 2° laparoscopy, N=6),
indirect ascites was obtained by peritoneal washings with
saline.

Median age was 65 years old (range: 42 — 86) and most
patients had FIGO stage III/IV (98%), and high grade
ovarian cancer (92%, 49/53) other histologies included
low grade ovarian cancer (N=4). Most ascites and tumor
sample were collected at primary laparoscopy (66%)
(Table 1).

Contributive cftDNA detection from ascites

Cell-free DNA was detectable in peritoneal fluid from
49/53 patients (92,5%). Overall, DNA quality was
high. Figure 2 illustrates the typical profile of cfDNA
extracted from peritoneal fluids in our study featur-
ing a single mononucleosomal peak at a mean length

Table 1 Characteristics of patient at baseline

Total (n=53)

Age (years)

Means (SD) 65 (£10)
ECOG at sample

0 13 (25%)

1 33(62%)

2 7 (13%)
Histology

Serous High grade 47 (89%)

Serous Low Grade 4 (8%)

Endometrioid 2 (4%)
Primary Tumor Location

Ovary 44 (83%)

Peritoneum 5 (9%)

Fallopian Tube 4 (8%)
International FIGO stage

Il 1(2%)

Il 32 (60%)

I\ 20 (38%)
Type of Sample

Laparoscopy 46 (87%)

Therapeutic paracentesis 7 (13%)
Status at sample

Primary laparoscopy 35 (66%)

Secondary laparoscopy 11 (21%)

Relapse 7 (13%)
Amount of peritoneal fluid at sample

Absence 7 (13%)

<500 cc 10 (19%)

500 to 1000 cc 12 (23%)

> 1000 cc 24 (45%)
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of 177 bp (range: 128 — 204), along with two additional
peaks at around 360 and 520 bp. This showcases the
high quality of cfDNA extracted from peritoneal flu-
ids with low contamination by high molecular weight
DNA (> 700-pb).

Additionnaly, DNA vyield was very high with a
median concentration of total cfDNA of 3700 ng/
ml (range 109 — 65 000 ng/ml). The reported cfDNA
concentration represents the concentration of cfDNA
with a size range of less than 1000 base pairs in the
extracted material (from 1 to 4 ml of ascites). For
patients with peritoneal lavage the concentration was
also high with a median concentration of 1310 ng/
ml (range: 1000-2120 ng/ml). In comparison, cfDNA
concentration extracted from plasma in patients with
any solid tumor usually ranges from 5 to 1500 ng/ml
[18]. When considering only direct ascites, cfDNA was
detected in 100% of cases (46/46), including ascites
obtained after neoadjuvant chemotherapy at 2° lapa-
roscopy. Importantly direct ascites yielded cfDNA
regardless of volume present. Among the patients
with<100 ml (N=7) or 100-500 ml (N=3), cfDNA
was detected in all cases and median concentration of
cfDNA for patient with <500 ml ascite was 3150 ng/ml
(range: 20,9 — 15 900 ng/ml). Interestingly, in patients
without visible peritoneal free fluid and in whom
peritoneal washings were collected, cfDNA was still
detected in 42% of these cases (3/7). The character-
istics of the 4 patients without detectable cfDNA are
summarized in Table 2. All samples were obtained at 2°
laparoscopy after a median of 3,5 cycles of neoadjuvant
chemotherapy, via peritoneal washings and all patients
demonstrated a good clinico-biological response to
chemotherapy.

Pathogenic variant detection on cftDNA from peritoneal
fluid

Crucially, among the 49 of 53 cases with detectable
cfDNA, a pathogenic variant was detected in 96% of
peritoneal fluid samples (47/49), thus confirming that
when cfDNA was detected it almost invariably contained
tumoral DNA (cftDNA) (Fig. 3). For 1 of the 2 patients
for whom no pathogenic variant was detected on ascites
cftDNA (acftDNA), the NGS CGP also did not identify a
pathogenic variant on tumor tissue.

The most common pathogenic variant identified in
peritoneal fluid samples was TP53 detected in 86% of
49 contributive samples (Fig. 3). Three low grade OC
acftDNA harbored a RAS pathogenic variant and one
had ATM pathogenic variant. BRCAI and BRCA2 patho-
genic variants were detected in respectively 14% (7/49)



Roussel-Simonin et al. Molecular Cancer

(2023) 22:178

Page 5 of 9
S X
“\Ql Q?J
N 3R
1500 -
3
s
Z 1000 -
2
500 A
. Yy - | ,
- - Size
° 2 s s g s s g8 o

Fig. 2 Example of patient’s electropherogram: sizing range of DNA detected in ascites

Table 2 Characteristics of patient with cfDNA analysis on peritoneal washings

cfDNA- on peritoneal washing
Total (n=4)

cfDNA + on peritoneal washing
Total (N=3)

Histology - n (%)
Serous High Grade
Endometrioid
Type of ascites - n (%)
Indirect
Status at sample - n (%)
Primary laparoscopy
Secondary laparoscopy
Neoadjuvant treatment - n (%)
Carboplatine Taxol
Carboplatine and Gemcitabine
Number of cycle of chemotherapy - n (%)
Median (IQR)
Response to chemotherapy - n (%)
Biological response
Radiographical response
Histological response

and 10% (5/49) of patients including one large BRCAI
rearrangement (deletion of exon 21 to 24) detected on

acftDNA, confirming the high quality of the acftDNA to  NGS on acftDNA.

detect such a quantitative event. Finally, the median test-
ing turn-around time was only 21 days (range: 14—36) for
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Fig. 3 Oncoprint for CGP testing on cfDNA

Genomic testing on cftDNA from peritoneal fluids vs tumor
samples

As our main objective was to evaluate the performance
of HRD testing on peritoneal cftDNA, we focused on
HGOC pts (N=49) and compared the performance
of cftDNA to tumor tissue based testing. NGS CGP on
DNA from FFPE matching tissue samples identified a
pathogenic variant in 90% (44/49) of cases. Median test-
ing turn-around time was longer than for acftDNA at
45 days (range: 14-96). cfDNA NGS on peritoneal sam-
ples from HGOC was comparable with mutated cftDNA
identified in 88% (43/49). However if the analyses were
limited to cftDNA identified in direct ascites, ctDNA
detection rate was higher at 98% (45/46). The patients
for whom no pathogenic variant was detected on ascites
cfDNA (acfDNA), the NGS CGP also did not identify a
pathogenic variant on tumor tissue. For the 5 patients
with a failed tumor tissue analysis, a TP53 mutation was

detected in the matching ascites sample, including one
patient for whom acftDNA analysis identified a BRCA2
pathogenic variant. Together these data support that
cftDNA from ascites may allow physicians to salvage
non-contributive tumor analyses.

Subsequently, an evaluation of sensitivity, specificity,
and concordance was conducted to compare acfDNA
(cell-free DNA from ascites) with tumor testing for the
detection of TP53 pathogenic variants.

This analysis was specifically focused on patients diag-
nosed with high-grade ovarian carcinoma who exhibited
contributive results in both ¢fDNA and tumor tissue
analyses (N=42, 80% of cohort).

Sensitivity and sensibility analyse were perform using
the contingency table in Table 3 with GraphPad Prism
version 10.0.0. Confidence interval were estimate using
the The hybrid Wilson/Brown method Kappa Cohen
analysis was conducted using R Studio (v 3.3.0, R
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Table 3 Assay Positive Predictive Value, Negative Predictive Value, Specificity, Sensitivity, and Concordance of TP53 pathogenic variant

on acfDNA compared With Tumor Tissue

AcfDNA Positive acfDNA negative Sensitivity, Specificity, Concordance, CohenK,
sample sample 9%(95%,Cl) 9%(95%,Cl) % (P value)
Tissue 35 1
Positive 97 83 95 0,81
Tissue 1 5 (86-100) (43 -100) (<0,001)

Negative

Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/) with the kappa.cohen func-
tion to evaluate concordance for this study. The concord-
ance column in Table 3 correspond to the percentage of
agreement between acfDNA and tissue analysis.

The sensitivity,specificity and concordance were 97%
(95% IC : 86%-100%), 83% (95% IC : 43%-100%) and 95%
(K = 0,81: P <0,001) respectively (Table 3). One discord-
ant patient harbored a TP53 pathogenic variant detected
on acftDNA that was not detected on tissue DNA, poten-
tially attributable to low cellularity and inversely one
patient had TP53 pathogenic variant detected on tissue
DNA but not on acftDNA.

Mean variant allele frequency (VAF) in ascites also
compared favorably to tissue. The mean VAF for TP53
pathogenic variant were 54% in acftDNA vs 45% in
ttDNA. For BRCAI pathogenic variant the mean VAF
was 67% in acftDNA and 63,3% in ttDNA and for BRCA2
pathogenic variant it was 80% in acftDNA and 84,5% in
ttDNA.

However, suprisinsigly,examination of the individual
Variant Allele Frequencies (VAFs) of TP53 in tissue and
ascites using Pearson correlation analysis revealed no
significant correlation between these two sample types
(r=0.19, p=0.27, see Supplementary Fig. 1). The statisti-
cal analyses were conducted using the cor.test function in
R Studio (version 3.3.0, R Foundation for Statistical Com-
puting, Vienna, Austria, https://www.R-project.org/).

Genomic instability testing

Tumor-based genomic instability testing (Myriad
MyChoice CDx) was performed on all HGOC sam-
ples as part of routine care, 3 results were pending at
the time of publication. 44 patients had result avail-
able with 75% (33/44) yielding a contributive result.
Among the 32 patients with successful tumor-based
genomic instability testing, 16 (50%) were considered
HRD + with a GIS > 42.

Genomic instability using shallow WGS (sWGS
HRD) was measured on 18 acftDNA samples (includ-
ing 4 with failed tumor-based GIS). All 18 patient had
direct ascites sample. sSWGS HRD was successful for

all 18 samples, including the 4 with failed tumor test-
ing resulting in a 100% contributive genomic instabil-
ity test result and 10/18 acftDNA samples exhibited
high genomic instability (LGA >20) thus confirming
the feasibility of performing genomic instability testing
on cftDNA from ascites.

Discussion

We show for the 1% time the feasibility and clinical use-
fulness of performing HRD testing encompassing both
BRCA1/2 pathogenic variant analysis as well as genomic
instability testing on cftDNA from peritoneal fluid
obtained from patients with newly diagnosed advanced
ovarian cancer. These ascitic samples yielded contribu-
tive cfDNA in 92,5% of cases overall, and in 100% of
cases at primary surgical exploration. Importantly when
cfDNA was detected, it was confirmed as tumoral in 96%
of cases. acftDNA quality and quantity was excellent and
median turn-around testing time was very acceptable at
21 days, shorter than for tumoral analysis. Median TP53
VAE, an accepted surrogate for tumor cellularity in OC,
was superior to 50%, highlighting tumor DNA enrich-
ment. Importantly, less than 20 ml of ascites is required
and acftDNA analysis was contributive even in patients
with less than 100 ml ascites. In an effort to evaluate
how broadly applicable this approach may be, we previ-
ously showed that 98% of patients with newly diagnosed
stage III/IV OC presented at least 100 ml of free perito-
neal fluid at primary surgical exploration and would have
been candidate for a liquid biopsy approach.

These data support that cfDNA from small volumes
of direct or indirect ascites yields quality tumor derived
DNA suitable for genomic analysis. Our next priority
was to demonstrate the clinical usefulness of this liquid
biopsy as a tool for HRD testing. BRCA1/2 pathogenic
variant were identified in 24% of acftDNA samples and
for those with matching tumor NGS results. Regarding
genomic instability testing, test failure rate was high in
ttDNA from tissue samples (25%). In contrast, genomic
instability testing using a sSWGS approach was feasible in
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100% of acftDNA samples and was able to salvage 100%
of failed tumor based GIS testing. Taken together these
data suggest that acftDNA analysis from peritoneal fluid
provides a suitable alternative for HRD testing on tis-
sue and could be used in place of tumor testing and can
provide a rescue strategy in the event of uninformative
tumor testing.

All genomic testing whether it is on acftDNA or ttDNA
should ideally be conducted on treatment naive sam-
ples from initial diagnosis. However, in the event that
genomic testing was not performed or failed at primary
diagnosis, our results suggest that HRD testing can also
be performed on ascites collected at interval debulking
after neoadjuvant chemotherapy. We even confirmed the
usefulness of peritoneal washings in patients without any
free fluid as these yielded detectable cftDNA in 43% of
cases.

The sensitivity, specificity and concordance of acfDNA
compared with tumor testing for TP53 pathogenic vari-
ant detection were 97% (95% IC: 86%-100%), 83% (95%
IC: 43%-100%) and 95% (K=0,81: P<0,001) respectively.
One patient had TP53 pathogenic variant which was
detected in acfDNA but missed on tissue. Importantly
in 5 patients for whom tumor pathogenic variant analy-
sis was non-contributive, NGS on cftDNA from ascites
was informative and uncovered one pathogenic variant
of BRCA2 with obvious immediate implications for ger-
mline testing and treatment.

However, there is limitation to this approach, mainly
linked to the availability of ascites. Even though majority
of patient with stade III/IV ovarian cancer has peritoneal
fluid at diagnosis (98%), in some cases, patients requir-
ing HRD testing may not exhibit peritoneal fluid or even
peritoneal carcinomatosis and only have adenopathy
making the analysis of ascites cfDNA unfeasible for HRD
assessment. However, this represent a small proportion
of patient with PARPi approved indication.

The determination of the HRD status is now man-
datory for any high-grade ovarian cancer and can be
obtained by CGP testing of BRCAI and BRCA2 and
genomic instability score. The two genomic instability
scores used in registration clinical trials are the Founda-
tionOne® cdx (Foundation Medicine®) and MyChoice®
cdx (Myriad®) However, in our study, 25% of patient
didn’t have an informative HRD status because of non-
contributive NGS or Myriad® GIS on tumor samples.
The use of acfDNA could be a useful and faster alterna-
tive to tumor DNA analysis for BRCA pathogenic variant
analysis as well as genomic instability score with alter-
native techniques. Indeed, in all acfDNA samples in our
study, we were able to measure genomic instability using
sWGS thus providing a proof of principle. sSWGS HRD
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is based on the number of large-scale genomic altera-
tion (LGA) which is defined as intra-chromosome arm
CNA breaks with adjacent segments > 10 Mb. While this
specific algorithm has not yet been approved for clinical
use in ovarian cancer, HRD signatures on sWGS by dif-
ferent academic (SWGS v2) and commercial (SeqOne
HRD score) algorithms are undergoing validation in
clinical samples from patients in phase III trials of PARPi
(PALOA-1) [19, 20]. Our results support that genomic
instability testing is feasible on cftDNA from peritoneal
fluid.

Conclusion

Tumor genomic profiling on cftDNA from peritoneal
fluids is feasible, yields high quality and quantity tumor
DNA. Importantly this approach has a fast testing
turn-around time and only requires 20 ml of ascites so
that>95% of patients with advanced OC would be eligible
to this approach. This acftDNA is suitable for assessing
HRD status combining both BRCA 1/2 pathogenic variant
analysis and genomic instability score. This approach can
even be of value in the rare event of absence of ascites
by performing peritoneal washings. PARP inhibitors are
bringing meaningful improvements in progression- free
and overall survival to women with advanced ovarian
cancer in case of BRCA or HRD status. Unfortunately, a
significant proportion still ultimately relapse. Participa-
tion in clinical trials for relapsed disease almost invari-
ably require archival tumor tissue. Any effort to save
archival tumor tissue for later use in research trials or to
guide biomarker driven treatment decisions in the future
remains a priority.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512943-023-01864-1.

Additional file 1: Supp data 1. list of 65 genes included in the second
CGP. Supp data 2. list of 109 genes included in the first CGP. Supp data
figure 1. Correlation Plot of Variant Allele Frequencies (VAFs) of TP53
between Tissue and Ascites.

Additional file 2.

Authors’ contributions

C. Roussel-Simonin: Collected and curated the samples, conducted data analy-
sis, prepared tables and figures, and contributed to writing the manuscript.
A.Leary: Conceived the study, wrote, and revised the manuscript. E.Rouleau:
Performed cancer panel gene and HRD testing, interpreted the results, and
reviewed the manuscript. R.Tang, D.Vasseur, S.Cotteret, L.Lacroix: Conducted
cancer panel gene and HRD testing, analyzed the data, and contributed to
interpretation. L.Mauny, F.Zaccharini, C.Sanson, S.Scherier, AMaulard, and
S.Gouy: Collected and curated the samples. A.Le Formal, L.Chardin, E.Yaniz:
Assisted in sample collection and curation, and provided technical support. All
authors read and approved the final version of the manuscript.


https://doi.org/10.1186/s12943-023-01864-1
https://doi.org/10.1186/s12943-023-01864-1

Roussel-Simonin et al. Molecular Cancer (2023) 22:178

Funding
Work supported by donations from patients and families through the “Parrain-
age Cancers Gynécologiques” program.

Availability of data and materials

The data that support the findings of this study are not openly available due
to reasons of sensitivity and are available from the corresponding author upon
reasonable request.

Declarations

Ethics approval and consent to participate

All patients provided written informed consent authorizing the use of biologi-
cal samples obtained during their routine diagnosis and treatment as part of
the prospective academic research study OvBIOMARK (NCT03010124). This
study received ethical approval from the Ethic Committee/IRB/CPP, ensuring
participant rights. Confidentiality and privacy were rigorously maintained.

Competing interests
The authors declare no competing interests.

Author details

'Drug Development Department (DITEP), Gustave-Roussy Cancer Campus,
Villejuif. Sorbonne Université, Paris, France. 2Departement of Medecine,
Gustave-Roussy Cancer Campus, INSERM U981, Université Paris-Saclay, Villejuif,
France. >Université Paris-Saclay, Gustave-Roussy Cancer Campus, Inserm U981,
Villejuif, France. “Cancer Genetics Laboratory, Medical Biology and Pathology
Department, Gustave-Roussy Cancer Campus, Villejuif, France. >Department
of Pathology and Medical Biology, Gustave-Roussy Cancer Campus, Villejuif,
France. ®Department of Gynecologic Surgery, Gustave-Roussy Cancer Campus,
Villejuif, France.

Received: 20 April 2023 Accepted: 19 September 2023
Published online: 06 November 2023

References

1. Torre LA, et al. Ovarian cancer statistics, 2018. CA Cancer J Clin.
2018,68:284-96.

2. Konstantinopoulos PA, Ceccaldi R, Shapiro Gl, D’Andrea AD. Homologous
Recombination Deficiency: Exploiting the Fundamental Vulnerability of
Ovarian Cancer. Cancer Discov. 2015;5:1137-54.

3. The Cancer Genome Atlas Research Network. Integrated genomic analy-
ses of ovarian carcinoma. Nature. 2011;474:609-15.

4. Moore K, et al. Maintenance Olaparib in Patients with Newly Diagnosed
Advanced Ovarian Cancer. N Engl J Med. 2018;379:2495-505.

5. Monk, B. J. et al. A Randomized, Phase Il Trial to Evaluate Rucaparib
Monotherapy as Maintenance Treatment in Patients With Newly Diag-
nosed Ovarian Cancer (ATHENA-MONO/GOG-3020/ENGOT-ov45). J Clin
Oncol JCO2201003 (2022) https://doi.org/10.1200/JC0O.22.01003.

6. Gonzalez-Martin A, et al. Niraparib in Patients with Newly Diagnosed
Advanced Ovarian Cancer. N Engl J Med. 2019;381:2391-402.

7. Ray-Coquard |, et al. Olaparib plus Bevacizumab as First-Line Maintenance
in Ovarian Cancer. N Engl J Med. 2019;381:2416-28.

8. Veliparib with First-Line Chemotherapy and as Maintenance Therapy in
Ovarian Cancer | NEJM. https://doi.org/10.1056/NEJMoa1909707.

9. Lheureux S, Gourley C, Vergote |, Oza AM. Epithelial ovarian cancer. Lan-
cet. 2019;393:1240-53.

10. Tivey A, Church M, Rothwell D, Dive C, Cook N. Circulating tumour DNA
— looking beyond the blood. Nat Rev Clin Oncol. 2022;19:600-12.

11. Bayle, A. et al. Clinical utility of circulating tumor DNA sequencing with a
large panel: a National Center for Precision Medicine (PRISM) study. Ann
Oncol 0, (2023).

12. Pascual J, et al. ESMO recommendations on the use of circulating tumour
DNA assays for patients with cancer: a report from the ESMO Precision
Medicine Working Group. Ann Oncol. 2022;33:750-68.

13. Zhou S, et al. Next-generation sequencing reveals mutational accord-
ance between cell-free DNA from plasma, malignant pleural effusion and

Page 9 of 9

ascites and directs targeted therapy in a gastric cancer patient. Cancer
Biol Ther. 2019;20:15-20.

14. Husain H, et al. Cell-Free DNA from Ascites and Pleural Effusions: Molecu-
lar Insights into Genomic Aberrations and Disease Biology. Mol Cancer
Ther. 2017;16:948-55.

15. Han M-R, et al. Clinical Implications of Circulating Tumor DNA
from Ascites and Serial Plasma in Ovarian Cancer. Cancer Res Treat.
2020;52:779-88.

16. Werner B, et al. Cell-free DNA is abundant in ascites and represents a
liquid biopsy of ovarian cancer. Gynecol Oncol. 2021;162:720-7.

17. Eeckhoutte A, et al. ShallowHRD: detection of homologous recombina-
tion deficiency from shallow whole genome sequencing. Bioinformatics.
2020;36:3888-9.

18. Thierry AR, El Messaoudi S, Gahan PB, Anker P, Stroun M. Origins, struc-
tures, and functions of circulating DNA in oncology. Cancer Metastasis
Rev. 2016;35:347-76.

19. Callens C, et al. 38MO - Validation study of the shallowHRDv2 assay for
Homologous Recombination Deficiency (HRD) detection in high-grade
ovarian carcinomas (HGOC) in the first-line setting, from the phase Ill
PAOLA-1/ENGOT-0v25 trial. Ann Oncol. 2023;8(1suppl_1):100811-100811.
https://doi.org/10.1016/esmoop/esmoop100811.

20. Boidot R, et al. 39MO - Clinical evaluation of a low-coverage whole-
genome test for homologous recombination deficiency detection in
ovarian cancer. Ann Oncol. 2023;8(1suppl_1):100811-100811. https://doi.
org/10.1016/esmoop/esmoop100811.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1200/JCO.22.01003
https://doi.org/10.1056/NEJMoa1909707
https://doi.org/10.1016/esmoop/esmoop100811
https://doi.org/10.1016/esmoop/esmoop100811
https://doi.org/10.1016/esmoop/esmoop100811

	Homologous recombination deficiency (HRD) testing on cell-free tumor DNA from peritoneal fluid
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material & methods
	Identification of patient and collection of samples
	DNA extraction from ascites and CGP
	Genomic instability testing

	Results
	Patient characteristics
	Contributive cftDNA detection from ascites
	Pathogenic variant detection on cftDNA from peritoneal fluid
	Genomic testing on cftDNA from peritoneal fluids vs tumor samples
	Genomic instability testing

	Discussion
	Conclusion
	Anchor 20
	References


