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The RECAP test rapidly and reliably identifies homologous recombination-deficient ovarian carcinomas

Simple Summary

The sensitivity to PARP inhibitors is related to tumor-specific defects in homologous
recombination (HR) and extends beyond BRCA1/2 related deficiencies. A robust method
to identify HR-Deficient (HRD) carcinomas is therefore of utmost clinical importance. In
this study, we evaluated the use a functional test (the RECAP test) for the identification
of HRD ovarian tumors.

Forty-nine epithelial ovarian carcinomas (EOC) were analyzed by the RECAP test. Thirty-
nine of these tumors were of the high-grade serous (HGSOC) histological subtype. Ten
out of these 39 HGSOC samples showed HRD (26%), whereas ovarian carcinomas of other
histological subtypes (n = 10) were all HR-proficient. Eight out of 9 sequenced HRD tumors
showed pathogenic BRCA1/2 variants or BRCAT promoter hypermethylation.

This study shows that the RECAP test is a reliable and rapid test to identify functional
deficiencies in HR and a good alternative to DNA-based HRD tests.

Abstract

Recent studies have shown that the efficacy of PARP inhibitors in epithelial ovarian
carcinoma (EQC) is related to tumor-specific defects in homologous recombination (HR)
and extends beyond BRCA1/2 deficient EOC. A robust method with which to identify HR-
Deficient (HRD) carcinomas is therefore of utmost clinical importance. In this study, we
investigated the proficiency of a functional HR assay based on the detection of RAD51
foci, the REcombination CAPacity (RECAP) test, in identifying HRD tumors in a cohort of
prospectively collected EOCs.

Of the 39 high-grade serous ovarian carcinomas (HGSOC), the RECAP test detected 26%
(10/39) to be HRD, whereas ovarian carcinomas of other histological subtypes (n = 10)
were all HR-Proficient (HRP). Of the HRD tumors that could be sequenced, 8/9 showed
pathogenic BRCAT/2 variants or BRCA1 promoter hypermethylation, indicating that the
RECAP test reliably identifies HRD, including but not limited to tumors related to BRCA1/2
deficiency. Furthermore, we found a trend towards better overall survival of HGSOC
patients with RECAP-identified HRD tumors compared to patients with HRP tumors.

This study shows that the RECAP test is an attractive alternative to DNA-based HRD tests
and further development of a clinical grade RECAP test is clearly warranted.

Keywords: Epithelial Ovarian Carcinoma - Homologous Recombination Deficiency -
RECAP test — RAD51- BRCAT - BRCA21.
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1. Introduction

Surgical cytoreduction combined with platinum-based chemotherapy has traditionally
been the standard of care in the treatment of epithelial ovarian carcinoma (EOCs) patients
[1,2]. However, a series of recent clinical trials showed that poly (ADP-ribose) polymerase
inhibitor (PARPi) as maintenance treatment of EOC patients with platinum-sensitive
cancers results in significant improvement of both progression-free survival (PFS) and
overall survival (0S) in newly diagnosed and recurrent EOC [3-11]. This led to FDA and EMA
approval of various PARPi as maintenance therapy in patients with platinum-sensitive
EOC, both in the primary and recurrent setting. Although the presence of pathogenic
variants in BRCAT or BRCA2 is the best genetic predictor for a good clinical response
to PARPi therapy, multiple studies have shown that PARPi efficacy is also observed in
patients with non-BRCA1/2 deficient carcinomas [4,5,9,12]. Since current evidence suggests
that a deficiency in homologous recombination (HR) underlies sensitivity to PARPi, a
search for biomarkers that correlate with HR Deficiency (HRD) was initiated with the aim
of developing a single method that can identify all patients who could potentially benefit
from PARPi treatment [13-16] (Table S1).

Most of the currently available HRD tests are DNA-based. Using gene-specific analyses,
the percentage of HRD high-grade serous ovarian carcinomas (HGSOC) is estimated
to be as high as 50% [17]. In addition to the presence of pathogenic variants in BRCA1
and BRCA2 (20%), inactivation of other genes involved in the HR pathway (6%) and the
epigenetic silencing of BRCAT (10%) or RAD51C (3%) have also been reported in HGSOC
[131718]. The prevalence of HRD in other histological subtypes of EOCs such as low grade
serous, endometrioid, clear cell and mucinous OC is still unclear [19]. In addition to gene-
specific analyses, more complex DNA-based approaches, such as the identification of
‘genomic scars’, are now being explored as potential biomarkers of HRD. These methods
focus on identifying mutational signatures caused by the use of alternative, error-prone
repair pathways to repair DNA double-strand breaks (DSBs) in the absence of HR, and
include copy number-based methods incorporating loss of heterozygosity (LOH) [20-23],
telomeric allelic imbalances (TAI) and large-scale state transitions (LST) [21,23-25]. Similar
but more complex whole genome sequencing-based approaches include HRDetect, a
weighted model that includes features such as microhomology-mediated deletions, base
substitution, rearrangement signatures, and LOH [26]. HRD-associated genomic scars
have been shown to facilitate identification of both BRCA1/2 deficient (mBRCA) as well as
BRCA1/2-unrelated (wtBRCA) HRD [12,20,23,26].

The predictive value of DNA-based HRD status (defined by the presence of pathogenic
variants in BRCA1/2 and/or a specific genomic scar) for PARPi treatment benefit in EOC
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patients has been evaluated in a number of clinical studies. These studies revealed that
although both BRCA mutation status and HRD status provided information regarding the
magnitude of the potential treatment benefit of a PARPi in a given patient population,
these biomarkers did not sufficiently discriminate between patients that would or would
not benefit from treatment [4,5,9,12,27]. Overall, while these DNA-based tests provide
valuable proof of concept for the existence of an additional group of HRD tumors beyond
those related to BRCA1/2, DNA-based approaches also suffer from a number of important
drawbacks regarding the identification of HRD tumors. Firstly, they cannot identify all EOC
patients who would benefit from treatment with PARPi [4]. Secondly, the interpretation
of modern sequencing data is far from straightforward, as gene-based analyses often
detect variants of uncertain significance (VUS) without a clear relationship to HRD, and
signature-based approaches identify a relatively large fraction (18%) of HR-intermediate
cases in EOC [26]. Thirdly, DNA-based assays are relatively complex, costly and time-
consuming.

As an alternative to DNA-based HRD tests, functional assays that assess the ability of
replicating tumor cells to accumulate RAD51 protein at DNA DSBs were developed for use
in breast, ovarian and endometrial cancer [28-37]. A major advantage of this approach
is that RAD51-based tests detect the current HR status of the tumor, irrespective of
underlying genetics. Furthermore, the “static” HRD status as measured by DNA-based
approaches may overestimate the number of tumors that are “functionally” HRD because
they make no account for undetected reversion mechanisms [16,38-41]. Studies describing
RAD51-based tests have shown that they are able to identify HRD tumors, including but
not limited to BRCA1/2-related tumors, and can detect phenotypic reversion of the HRD
phenotype in BRCA-related tumors [28-35,3741]. In EOC, impairment of HR, as assessed
in primary cultures established from ascitic fluid, correlates with PARPi sensitivity both
in vitro and in clinical studies [30,31]. A recent study using low passage, primary patient-
derived tumor and ascites cells confirmed the predictive power of a functional HR score
for platinum sensitivity [35].

The REcombination CAPacity test (RECAP) test is a RAD51-based functional test which
was previously successfully used for the analysis of HR function in solid breast and
endometrial carcinomas [36,37]. In contrast to other RAD51-based tests, the RECAP test
enables the assessment of HR on primary tumor tissue without the need to dissociate
tissue and culture tumor cells, greatly reducing the time required to perform the test.

In the current study, additional quality controls are described that enable the use of the
RECAP test in both solid EOC tumors and ascites-derived EOC tumor cells, taking into
account future clinical implementation in routine diagnostic pathology. We demonstrate
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that the RECAP test allows the rapid and reliable determination of the functional HR
status of EOC, and then explore its correlation with best overall therapy response and
overall survival (0S).

2. Results

2.1 REcombination CAPacity (RECAP) Test

The RECAP test has been described in detail in earlier publications [35-37], but in this
study we adapted the protocol to make it suitable for direct use with solid tumor and
ascites specimens, removing the need for tumor dissociation and cell culture procedures
(Figure 1). The RECAP test can include up to 25 tumor specimens simultaneously, and
works equally well on fresh or thawed cryopreserved samples (Figure S1). The use of
cryopreserved samples greatly increases the clinical utility of the RECAP test, allowing
one e.g., to collect tumor tissues from different centers and perform the test in one
laboratory. The entire procedure (quality assessment and RECAP test) for a capacity of
25 samples can be completed within two weeks and represents a 25-hours hands-on
workload for one person (Table S2). The cost price of the RECAP test is more than 10-fold
lower compared to DNA-based alternatives (Table S3) and can be completed in less time
than a BRCA NGS gene panel (Table S2).

2.2 Identification of Homologous Recombination-Deficient Tumors Using the RECAP
Test

In total, 50 (33 solid and 17 ascites) tumor specimens (71% of the collected specimens) met
the quality criteria and were therefore eligible for the RECAP test (Figure 2A, Table S4). Of
the 50 specimens analyzed, RECAP scores could be determined for 49 tumor specimens
(98%) obtained from 48 patients (33 solid tumors and 16 ascites specimens; hereafter
referred to as ‘RECAP specimens’), as one ascites specimen had to be excluded due to an
insufficient number of GMN* cells (<40) (Figure S2B, Table S4). Two tumor specimens were
obtained from the same patient (case 18 and 28): one at primary cytoreductive surgery
(solid tumor) and one at recurrence (ascites).

Based on the RECAP test, ten (20%) of the 49 tumor specimens were found to be HRD (i.e.,
a RECAP score 0-20%), 37 (76%) were HRP (i.e., a RECAP score 51-100%) and two tumors (4%)
were HRI (i.e., a RECAP score 21-50%). Examples of immunofluorescent stained slides are
presented in Figure S3. Median RECAP scores differed by 6% (range: 0-34%) between two
independent observers, with a high interrogator reliability for final HR group assignment
(x = 0.71). Thirty-nine of the 49 tumors (80%) were HGSOC, and of these tumors 26%
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Figure 1. RECAP test procedure. A) After surgery, tumor specimens were placed in OSE medium
and incubated for 4h at 37°C on a 60 rpm rotating platform prior to irradiation with 5Gy. Tumor
specimens were fixed two hours after irradiation and embedded in paraffin. B) H&E slides were
evaluated for tissue quality (QC1) by an experienced pathologist. For ascites specimens an additional
p53 IHC staining was performed to confirm the presence of tumor cells (QC2). All tumor specimens
were evaluated for the presence of DNA double stand breaks based on yH2AX IHC (QC3). C) A RAD51/
GMN IF was performed on tumor specimens that passed the quality assessment. The RECAP score
indicates the percentage of GMN" cells (240 cells) with RAD51 foci (25 foci). The whole procedure can
be performed on multiple specimens simultaneously. Abbreviations: o/n = overnight; RT = room
temperature; QC = quality control; H&E = Hematoxylin and Eosin; IF = immunofluorescence; GMN* =
geminin-positive; HRP = HR-Proficient; HRI = HR-Intermediate; HRD = HR-Deficient.



(10/39) were HRD (Figure 2A). The remaining ten tumors (20%) were of other histological
subtypes and were all HRP, thus HRD was restricted to HGSOC in this set of tumors.

2.3 Genetic Alterations in HR Genes

In an effort to determine the molecular basis for loss of HR functionality in tumors
displaying HRD, (epi)genetic analyses were performed in nine HRD tumors. One HRD
tumor could not be analyzed due to an insufficient amount of tumor DNA. Pathogenic
variants in BRCA1, BRCA2, or BRCA1 promoter hypermethylation were detected in eight out
of nine (89%) HRD tumors in this particular cohort. Six HRD tumors harbored pathogenic
variants in BRCA1 with concomitant LOH of the wild-type allele (cases 40, 41, 42, 44, 45 and
47; Figure 2B; Table S5). One HRD tumor carried a pathogenic variant in BRCA2 with LOH of
the wild-type allele (case 43; Figure 2B; Table S5), while BRCAT promoter hypermethylation
was observed in another HRD tumor (case 49). No pathogenic variants in BRCA1, BRCA2 or
13 additional HR-related genes, nor BRCAT promoter hypermethylation or large genomic
rearrangements in BRCAT, were detected in the remaining HRD tumor (case 48) nor in the
two HRI tumors (case 38 and 39). No pathogenic variants in BRCAT and/or BRCA2, or BRCA1
promoter hypermethylation, were identified in any of the HRP tumors available for DNA
analysis (Figure 2B).

61




The RECAP test rapidly and reliably identifies homologous recombination-deficient ovarian carcinomas

‘A11508£204919Y JO SSO] = HOT ‘PIOIIIBWOPUD = |7 {19 Jed)d =
DD ‘snoudNW = | ‘SN0J3S 9perIS-MO] = ST ‘SN0Jas apess-ysiy = SH ‘Suidusnbas uoijeiauss-1xau = SON @A1HSod-uluIwas = . NIWO ‘Al1dedy) uoleulquodqy
= dVD3Y ‘JUd1DUSQ-YH = QYH ‘DIeIpaWIBIUI-YH = [YH IUBIDYO0Id-YH =d¥H ‘UOIIRUIqWOIDY SNOSOJOWOH = YH :SUOIIRINBIGQY "PayYIIUdP! 8J9M dUOU Ing
‘slowny [YH pue gy¥H dy3 Ul pa1sal 819M SIUS YH 1910 Ul SJUBLIBA J1UBS0YIed ‘6% 9SBD Ul PaAIaSqOo Sem uolejAylawaadAy Jajowold Ly)yg "siownl dyH
pue [YH Ul PaYIIUBP! 8J9M Z¥D¥g 10 LyD¥g ul StuelieA dluasoyied oN "HOT JUBHWODUO0D UM ZyIyg 40 LyDyg ul ueliea diuasoyied e Suliogley siowny
QYH uanas paynuap! sisAjeue SON (9 (%02-0) QYH 40 (%05-%LT) I4H (%00L-%LS) d¥H Se payisse]d aiam suswidads pue ‘sian1asqo Juapuadapul omy Aq
PaJ402s 1204 LGAVY G2 YUM S$1192 .NWD 40 95eiuadiad aSelane syl Se pale|ndjed alam $a103s dyI3Y (v “suawidads Jown) D03 6% JO $8403S d¥IIY 'Z 3nSHy

umowjun HOT P00 svoug  uoneifuswaadAy sojowoid

uonejAyisuLiadAy Jojowoly - Ewen aeboyled -

uopejAyiewladAy Jojowoid oN - JueeA oueBoyled oN - g
uonejAyawsadAy Jojowoig SON-MH
woned swes % 1own) piiog - ] - - E -- - B B uewpeds dyozy
aseas|p JualInosy - sajosy - 54 0 s 5 ) st s i 5 i 51 s s BB s 535 B B s B B s s 5 5 1/ s s 13 5 B M v [ 0 5 B8 54 B8 54 1313 5 G s+l ad faosiny
f1eBins m>_ﬁu=ﬁ®._c—-g_m>u_muc_ - QEbQ«M_I mhm“h“w-vmuf-wn" v D-Vanmm LC9C SEVE CECC LEOC 62 BZ LZ ST SZPZ EZ ZZ WZOZ 6L BL LL OLSL VL ELZLLLOL B 8 £ 9 § ¥ € 2 ) )
A1sbins aanonpaio)As Arewny YR a-MH D Ul _l_ _|_
uawidads dyo3y sjeIpawIBul-yH -
weroyaid-dH [l 0t
159} dvO3d —=u
0 @
=
=z
0¢ +
[2)
" o
0F =
»
0§ ==
=
09 W
=]
(5]
0L =
-
o
(2]
0g =
]
3~
-m el
001 v

62



2.4 Clinicopathological Characteristics

Characteristics of the 48 patients for which the functional HR status of the tumor could

be established are shown in Table 1 and Table S6. The mean age of the patients was oo
62.5 (+1.7 SEM) years and 38/48 (79%) of the patients had been diagnosed with FIGO

stage Il or IV disease. The majority of patients were diagnosed with HGSOC 38/48 (79%).
Tumor specimens were obtained from 33 ovarian tumors (i.e., solid) and from 16 ascites

specimens.

Table 1. Clinicopathological characteristics stratified for homologous recombination capacity of the

tumor.
Characteristics Total cohort HRP HRI HRD
n=48 n=36 n=2 n=10
Age at Mean (+SEM) 62.5 (+1.7) 63.6 (+1.9) 76.5 (9.2) 55.9 (3.2)
diagnosis
1(1; 1A; IC) 4(8.3%) 3(8.3%) 1(10%)
B 6 (12.5%) 6 (16.7%)
RGO stage 111 (11A; 1HC) 31 (64.6%) 22 (61.1%) 2 (100%) 7 (70%)
v 7 (14.6%) 5 (13.9%) 2 (20%)
High-Grade Serous 38 (79.2%) 26 (72.2%) 2 (100%) 10 (100%)
Low-Grade Serous 3 (6.3%) 3(8.3%)
Histologic Endometrioid 4(8.3%) 4(11.1%)
subtype
Clear cell 1(2.0%) 1(2.8%)
Mucinous 2(4.2%) 2 (5.6%)
Tumor Solid tumor 33(67.3%) 24 (66.7%) 2 (100%) 7 (70%)
specimen
A — 16 (32.7%) 13 (36.1%) 3 (30%)
Tumor Primary disease 39 (79.6%) 28 (75.7%) 2 (100%) 9 (90%)
specimen
oEtained* Recurrent disease 10(20.4%) 9 (24.3%) 1(10%)
Staging 3(6.3%) 3(8.3%)
Primary Primary 24 (50%) 18 (50%) 1(50%) 5 (50%)
treatment | cytoreductive surgery
strategy Neoadjuvant 21 (43.7%) 15 (41.7%) 1 (50%) 5 (50%)
chemotherapy
Residual Complete (0 cm) 25 (53.2%) 16 (45.7%) 2 (100%) 7 (70%)
tumor after Optimal (<1 cm) 18 (38.3%) 17 (48.6%) 1 (10%)
cytoreductive
surgery** Not optimal (>1 cm) 4(8.5%) 2(5.7%) 2 (20%)
X Ovarian and/or 15 (31.2%) 10 (27.8%) 4 (40%)
Previous breast
cancer(s) None 33 (68.8%) 26 (72.2%) 1(50%) 6 (60%)

* Two tumor specimens were derived from one patient. ** One patient with an HRP tumor did not
undergo cytoreductive surgery. Abbreviations: HRP = HR-Proficient; HRI = HR-Intermediate; HRD =
HR-Deficient; FIGO = International Federation of Gynecology and Obstetrics.
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Twenty-four of the 48 (50%) patients underwent primary cytoreductive surgery followed by
adjuvant platinum-based chemotherapy, while 21 of the 48 (44%) started on neoadjuvant
platinum-based chemotherapy followed by interval cytoreductive surgery (Figure S4). In
39/48 (80%) patients, RECAP specimens were obtained at primary or interval cytoreductive
surgery (i.e., primary disease) and in 10/48 (20%) patients at recurrent disease. A complete
(i.e., no macroscopic rest tumor) or optimal cytoreduction (i.e., tumor rest <1cm in diameter)
at initial surgery was achieved in 43/47 (92%) patients. One patient did not undergo interval
cytoreductive surgery because of progressive disease after NACT (Table 1).

2.5 The RECAP test as a Biomarker for Platinum-Based Therapy Response

Although this study was not primarily designed to assess the relationship between the
RECAP score and clinical response to platinum-based therapy, a subgroup of patients
was available that allowed exploration of the potential differences in platinum-based
therapy response between patients with HRD and HRP tumors. Patients were included
in this analysis if they met the following criteria: 1) RECAP classification of HRP or HRD,
2) the RECAP specimen was obtained at initial diagnosis of ovarian cancer (at primary or
interval cytoreductive surgery), 3) the patient received platinum-based chemotherapy
after the RECAP specimen was obtained, and 4) follow-up after first-line treatment was
available (Figure S5).

When considering the HGSOC patient group (Table 2), which included all of the HRD cases,
we found a trend towards a better OS for patients with HRD tumors compared to patients
with HRP tumors (Kaplan Meier p = 0.061) (Figure 3A). When other histological subtypes
(all non-HRD) were included, this trend was weakened but maintained (Kaplan Meier p =
0.143) (Figure 3B).

A Mantel-Cox HGSOC (n =24) B Mante-Cox All histologic subtypes (n = 29)
p=0.061 p=0.143
100 100+
80+ 80
= 60+ = 60+
[ [
2 2
£ 40 g 40+
3 3
7] 7]
20 — HRP 20 — HRP
0 T T T T T T HRD 0 —r—T—T—T—T117—— — HRD
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time elapsed (months) Time elapsed (months)

Figure 3. Overall survival of patients with high-grade serous ovarian carcinoma (HGSOC) only and
diverse histological subtypes. Kaplan Meier estimates show the overall survival (%) over time
(months) in a subgroup of patients whose tumors were analyzed by the RECAP test (see Materials
and Methods). A) Overall survival of 24 patients with HGSOC. B) Overall survival of 29 patients with
tumors of diverse histological subtype. A Log-rank (Mantel-Cox) test was performed on both groups.
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Table 2. Correlation between RECAP score and clinical response.

Diverse histologies HGSOC
Clinical Parameters HRP HRD HRP vs. HRP HRD HRP vs.
n=21 n=8 HRD n=16 n=8 HRD
Best overall Complete 17 7 12 7
therapy Response (CR) | (81.0%)  (87.5%) P =043 | (75.0%) (87.5%) P10
response - as Partial 3 3
measured with Response (PR) (14.3%) (18.8%)
CT scans/CA125 Progressive 1 1 1 1
levels Disease (PD) (4.7%) (12.5%) (6.2%) (12.5%)
Disease Free
Survival (DFS) -
Time between
start of Months 16.0 238 p=0341| 154 238 p=0232
(median)
treatment and
progressive
disease
Complete 6 5 3 5
Overall therapy | Response (CR) (28.6%) (62.5%) p=0.092 (18.8%) (62.5%) p =008
response last Partial 1 1 1 1
check-up - as Response (PR) (4.7%) (12.5%) (6.2%) (12.5%)
measured with Stable Disease 2 2
CT scans/CA125 (SD) (9.5%) (12.5%)
levels Progressive 12 2 10 2
Disease (PD) (57.2%) (25.0%) (62.5%) (25.0%)
10 6 6 6
Overall Survival Ves @r.6%) (5% P=02% | @rsw) (5% PTOB
(0s) No 11 2 10 2
(52.4%) (25%) (62.5%) (25%)

DFS and follow-up time were tested with the Mann-Whitney U test. Other clinical parameters were

tested with Fisher’s exact test. Abbreviations: HGSOC = High-grade serous ovarian carcinoma; HRP =
HR-Proficient; HRD = HR- Deficient; CT = computed tomography.

However, patients with HRP or HRD tumors did not differ significantly in terms of best
overall therapy response following first-line platinum-based chemotherapy (p = 1.000
HGSOC only; p = 0.483 all histological subtypes). Median follow-up of the patients included
in this analysis was 36.6 months. No difference was observed regarding DFS between
patients with HRP and HRD tumors (p = 0.232 HGSOC only; p = 0.341 all histological
subtypes).
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3. Discussion

The development of a functional biomarker test that allows reliable identification of HRD
ovarian malignancies is of broad oncologic interest, as it would facilitate the optimal
selection of patients who are most likely to benefit from treatment with PARPI. Using an
optimized RECAP test, we investigated the occurrence of HRD in 49 prospectively collected
EOC. A substantial fraction of all EOCs in the current study consisted of HGSOC, and of
these 26% were classified as HRD. The prevalence of HRD tumors amongst HGSOC that
were related to BRCA1/2 deficiency (including BRCAT promoter hypermethylation) was
broadly in line with previous reports (Table S1) [17]. However, extended genetic analyses,
including RAD51C promoter hypermethylation and mutation analysis in HR-related genes,
suggest that the proportion of HRD in HGSOC may be as high as 50% [12,17,42], a finding
also reported by others using either DNA signature-based approaches or a RAD51-based
functional test [9,12,30,31]. Yet, using a similar functional HRD test, our group and Tumiati
et al. observed a somewhat lower frequency of HRD (~30%) in HGSOC [35]. In our study,
only one out of nine HRD tumors (11%) available for sequencing could not be explained
by a BRCA defect, which is somewhat lower than expected based on previous studies
[9,12]. As different methods have been used to identify HRD tumors, several factors may
contribute to the observed differences in the prevalence of HRD tumors found in these
studies. Firstly, patient cohorts differed in several aspects, such as the inclusion of
platinum-sensitive primary and recurrent disease. Secondly, the “static” HRD status as
measured by DNA-based approaches may overestimate the number of tumors that are
“functionally” HRD because of, for example, undetected reversion mechanisms [16,38-41].
However, the RECAP test may possibly underestimate the frequency of HRD tumors, e.g.,
due to the inability to identify tumors that are unable to complete HR because formed
RAD51 filaments are unstable [43].

The need for improved characterization of HR status in EOC has emerged in recent PARPi
trials in which patient response was clearly related to HR status [4,5,9,]12,44]. As expected,
all trials reported significant benefits in EOC patients with underlying BRCA1/2 defects
(both germline and somatic) following PARPi treatment. Intriguingly, however, the PFS
hazard ratios (HR) found in posthoc subanalysis clearly indicated that not only EOC
patients with wtBRCA high HRD scores benefit from PARPi but also a subset of EOC patients
with wtBRCA tumors showing low HRD scores using DNA-based methods (MyChoice® HRD
test). Although unlikely based on available evidence, this outcome could be due to a
PARPi response in otherwise HRP EOC. A more likely explanation is that current DNA-
based assessment of HR status is not yet sufficiently accurate. Some of the HRD tumors
might not be functional HRD and a number of functional HRD tumors might be missed
when only DNA-based approaches are considered.
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Although to date, no clinical trials have evaluated RAD51 foci formation as a biomarker
for therapy response, several retrospective studies have reported that patients with
HRD tumors (defined by a RAD51 functional test) show higher platinum sensitivity and
improved survival rates [31,35]. Although our study was not designed or powered to
reliably allow the predictive power of HRD as detected by the RECAP test to be assessed,
we nevertheless found a trend towards better overall survival of HGSOC patients carrying
HRD tumors compared to HRP tumors. Formally, we cannot rule out that this better
overall survival is driven by the high frequency of BRCA-related HRD tumors (seven out of
eight) for which improved therapy outcome has previously been reported.

Additional studies will be required to determine whether the RECAP test is a reliable,
comprehensive and efficient biomarker test for a PARPi response. Ideally, these studies
should include a comprehensive comparison of the performance of various HRD
biomarker tests with respect to sensitivity, specificity, take-rate and costs.

The RECAP test as described here has many advantages over DNA-based tests in terms
of cost, speed of turnaround and simplicity of analysis once implemented. The cost per
sample for the RECAP test is more than a 10-fold lower than the costs of running a BRCA
NGS gene panel (Table S3). In addition, the RECAP test can be completed in lesstime thana
BRCA NGS gene panel (Table S&). Another major strength of the RECAP test is that it allows
identification of HRD tumors independently of BRCA status, while correctly assessing
BRCA-related tumors with reversion mutations as being HRP [36,37,41], in contrast to DNA-
based tests [16,38-40]. In our study, the RECAP test identified all tumors with BRCA defects
as HRD, further underlining the high reliability of the test. As some laboratories nowadays
offer BRCA tumor testing to identify patients for follow up germline BRCA testing, the use
of the RECAP test as a prescreen for BRCA testing would substantially reduce the number
of tumors to be sequenced to identify these patients.

The RECAP test is not without its limitations. It relies on fresh or cryopreserved tumor
specimens and requires induction of DSBs by ionizing radiation or chemical compounds
such as platinum-based compounds or PARPi [29,30,32,33,36,37]. The percentage of
samples that did not pass our stringent quality control (29%) is higher than reported for
DNA-based analyses (15%) [4,9].

Initial set-up and implementation in a routine diagnostic setting might therefore be
challenging in some laboratories. Recently, an attractive adaptation of the RECAP
procedure was proposed that maintains the advantages of the test while avoiding
the drawbacks. This new approach is innovative because it now allows assessment of
RAD51 foci in FFPE breast tumor samples directly [45,46]. We now propose to establish
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whether the use of FFPE material can serve as a reliable substitute for fresh tumor tissue,
comparing fresh tumor specimens and matching archival FFPE tumor blocks on RAD51
scores, ideally in large cohorts of different tumor types. Should the FFPE-based method
prove to be as reliable as the current RECAP test, the use of RAD51 as a biomarker for the
identification of HRD tumors will become feasible in many more diagnostic laboratories,
facilitating the rapid and reliable identification and selection of patients who may derive
most benefit from PARPi treatment.

In conclusion, we show that functional analysis of HR status in EOC by the RECAP test
enables fast and reliable identification of tumors with a deficiency in HR. The RECAP
test is therefore an attractive alternative to DNA-based HRD tests and warrants further
development as a clinical grade test.
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4. Materials and methods

4.1 EOC Patient Material

Fresh tumor tissue or ascites fluid from patients with primary or recurrent EOC who
underwent cytoreductive surgery or drainage of ascites fluid at Leiden University Medical
Center (LUMC) was prospectively collected if sufficient material was available for research.
In total, 70 specimens (43 solid tumors and 27 ascites) were obtained from 66 patients
between June 2010 and July 2017.

After surgical removal of the tumor, macroscopic dissection was performed for diagnostic
purposes at the Department of Pathology. When available, a tumor tissue fragment
(minimum of 0.5-1cm?) was transferred to OSE medium (Wisent Bioproducts, cat. 316-030-
CL) supplemented with 10% Fetal Bovine Serum (FBS) (Bodinco), 1% penicillin (100 U/
ml) and streptomycin (0.1 mg/ml), kept at 4°C and processed within 24 hours of surgical
resection (Figure 1A). Ascites was collected in fluid drainage bags, kept at 4 °C and used
within 24 hours after fluid drainage. Surplus tumor specimens were cryopreserved to
enable comparison of test outcomes in fresh versus cryopreserved specimens (see below).

All specimens were coded with a unique research code. The study protocol has been
approved by the Medical Ethics Committee of the LUMC on 7" February 2011 and 24"
May 2017 (P10.226 and G17.041) and specimens were handled according to the Code for
Proper Secondary Use of Human Tissue in the Netherlands as established by the Dutch
Federation of Medical Scientific Societies.

4.2 Cryopreservation and Thawing of Tumor Specimens

Surplus tumor specimens were cryopreserved in ampules containing 500 pl Recovery Cell
Culture Freezing Medium (Gibco, cat. 12648010). Cells isolated from ascites were collected
and cryopreserved at approximately 10 million cells per ampule containing 500 pl of
Recovery Cell Culture Medium. Ampules were placed in a freezing container (Nalgene Mr.
Frosty, Sigma, cat. C1562) overnight at -80°C before transfer to liquid nitrogen storage.
Cryopreserved tumor specimens were thawed quickly in a 37°C water bath. Solid tumor
specimens were washed in pre-warmed (37°C) OSE medium containing 40% FBS by gentle
rotation of the tube for 5 minutes and subsequently transferred to 2.5 ml OSE medium
supplemented with 10% FBS and pen/strep, and next incubated on a 60 rpm rotation
platform at 37°C in a 5% CO, humidified atmosphere overnight prior to irradiation. After
thawing, cells from ascites were collected by centrifugation (1000 rpm, 5 minutes), washed
for 5 min in the presence of pre-warmed (37°C) OSE medium containing 40% FBS, collected
by centrifugation and supplemented in culture medium for subsequent use (see below).
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4.3 REcombination CAPacity (RECAP) Test

The RECAP test was performed according to our previously published method [37], but was
adapted for ascites specimens as follows: Tumor cells were obtained by centrifugation
(5 minutes, 1000 rpm) of one liter of ascites fluid, cell pellets were then washed in lysis
buffer (155 mM NH,CL/21 mM Tris) to remove red blood cells, and after a second round
of centrifugation, cell pellets were washed in OSE medium supplemented with 10% FBS
and penicillin-streptomycin (pen/strep). Approximately ten million cells were seeded
in 20ml OSE medium supplemented with 10% FBS and pen/strep prior to incubation
and irradiation. After fixation, cells were centrifuged (1000rpm, 5 minutes), washed in
70% ethanol and embedded in Cytoblock gel (ThermoFisher Scientific, cat. 7401151). In
addition, all tumor specimens were subjected to quality assessment.

4.4 Quality Assessment

To determine whether the tissue quality and the number of tumor cells was sufficient
for analysis in the RECAP test, three quality assessments were applied as summarized in
Figure 1B and Figure S2A.

First, the quality of the tumor specimen was assessed by a pathologist (TB) using a
hematoxylin and eosin (H&E) stained section of the irradiated tumor used in the RECAP
test (quality control 1, QC1). The tissue quality (1 - 2 = poor, 3 - 4 = moderate and 5 - 6 =
good) was determined on the basis of the sum of the tissue vitality (1= poor, 2 = moderate
and 3 = good) and tumor percentage (0 = <5%, 1=5 - 20%, 2 = 21 - 50% and 3 = >50%). When
a tumor specimen had a total tissue quality score of < 2, cryopreserved tissue was thawed
and the procedure was repeated. If the total tissue quality score of this sample was also
< 2, the specimen was excluded from further analysis (Table S&).

To aid in the identification of tumor cells in ascites specimens, we included a p53
immunostaining as a second quality control (QC2) since over 98% of HGSOC have been
reported to be TP53-mutant [47]. Immunohistochemistry staining for p53 (Agilent Dako,
cat. M7001) was performed as described previously [48]. A pathologist (TB) used a
combination of H&E and p53-IHC stained slides to either include (sufficient cancer cells
available) or exclude (insufficient cancer cells available) ascites cases from the study
(Table S4).

Third, yH2AX immunostaining was included as a proxy for the presence of DNA DSBs
(quality control 3, QC3). Immunohistochemistry was performed as described previously
[48]. The primary yH2AX antibody (mouse, monoclonal, Sigma-Aldrich, cat. 05-636)
was diluted 1:40.000 in block buffer and incubated at RT o/n. The secondary antibody
(BrightVision poly-HRP-anti-Mouse, VWRDPVVMO110HRP, Immunologic) was incubated for
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one hour at RT according to manufacturers’ protocol. A pathologist (TB) scored the slides
based on the presence (inclusion of the sample) or absence (exclusion of the sample) of
yH2AX foci.

A total of 70 EOC specimens (43 solid tumors and 27 ascites specimens) (Figure S2A) were
collected from 66 patients. Among these tumor specimens 47/70 passed quality control
according to QC1 (Materials and Methods, 30 solid and 17 ascites). Of the fresh specimens
that failed QC1, 11 (3 solid and 8 ascites) could still be included by using cryopreserved
material (Figure S1), resulting in a total of 58/70 (33 solid and 25 ascites) tumor specimens
that passed QCI1. Seventeen of the 25 ascites specimens passed QC2 (Materials and
Methods, p53 staining). All tumor specimens were positive for yH2AX foci and therefore
passed QC3.

4.5 Imnmunofluorescence Staining for RAD51 and Geminin

Immunofluorescence staining for RAD51 (GeneTex, cat GTX70230) and geminin
(ProteinTech, cat. 10802-1-AP) was performed as described previously [37], with the
following modifications: Tissue sections were incubated at 60°C overnight on SuperFrost
Plus microscope slides (75 x 25mm, VWR, Cat. 631-0108) prior to immunofluorescence
staining and no EdU immunostaining was performed (Figure S3).

4.6 Scoring of RECAP Tumor Specimens

The scoring of RECAP tumor specimens was blinded for genetic data (BRCA status). Tissue
sections stained for DAPI, geminin (G2/S phase marker) and RAD51 were manually scored
using a Zeiss Axio Imager D2 microscope with a HXP 120C light source. DAPI was used to
localize tumor cells in the tissue section based on morphology. Cells were considered
geminin-positive (GMN") if the nucleus was homogenously stained. GMN* cells were
considered RAD51* if there were at least 5 nuclear foci visible. A minimum of 40 GMN* cells,
randomly chosen in vital tumor areas (defined by the lack of necrosis visible with DAPI)
were scored. Specimens with less than 40 GMN* cells were excluded from the analysis
(Figure 1C and Figure S2B).

The RECAP score is the average percentage score, for two independent observers, of
GMN+ cells with RAD51 foci. Tumors were allocated to one of three groups: HR-Proficient
(HRP; 51-100%), HR-Intermediate (HRI; 21-50%) or HR-Deficient (HRD; 0-20%). The two
hour post-irradiation incubation time point and the thresholds for HR status assignment
were determined in a previous study on breast tumors [37]. In this and subsequent
studies on breast and endometrial carcinomas these settings allowed unequivocal
discrimination between BRCA wildtype and BRCA1/2 deficient tumors (including those
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with promoter hypermethylation of BRCA1) while identifying an additional group of HRD
tumors not related to BRCA1/2 [36,37]). In EOC, with these settings RAD51 foci formation
was observed in the majority of replicating tumor cells in BRCA wildtype tumors while
correctly identifying BRCA1/2 deficient tumors. The Cohen kappa coefficient (k) was used
to measure interobserver and intertest agreement.

4.7 Tumor DNA Isolation

Tumor DNA was isolated from formalin-fixed paraffin-embedded (FFPE) tissue blocks
either by taking three 0.6 mm tumor cores or by microdissection of tumor areas with at
least 70% tumor cells (10 mm slides). Fully automated DNA isolation was performed using
the Tissue Preparation System (Siemens Healthcare Diagnostics) as described previously [37].
An H&E slide (5pum) was prepared for each FFPE tissue block to determine tumor percentage
prior to tumor DNA isolation. The Qubit dsDNA HS Assay Kit was used for DNA quantification
according to manufacturer’s protocol (Qubit 2.0 Fluorometer, Life Technologies).

4.8 Next-Generation Sequencing

Next-generation sequencing (NGS) was performed using 40 ng of tumor DNA per sample
isolated from FFPE tissue blocks. The mean tumor cell percentage of included samples
was 62% (range: 10% — 90%). All tumors (HRD, HRI and HRP) have been sequenced for
BRCAT and BRCA2 and analyzed for promoter hypermethylation of BRCA1. The non-BRCA
HRD tumor and the two HRI tumors were subsequently analyzed for pathogenic variants
in 13 additional HR-related genes and large genomic rearrangements in BRCAT.

The custom Ampliseq HDR15v1-panel (Thermo Fisher) was used for variant detection
in the coding exons of the following HR-associated genes: ATM (not covered by design:
exon 25 (1225-1231), exon 36 (1813-1821), exon 52 (2576-2596)), BARD1, BRCA1, BRCA2, BRIP1,
CDK12 (not covered by design: exon 1 (294-302)), CHEK1, CHEK2, FANCL, PALB2, PPP2R2A,
RAD51B, RAD51C (not covered by performance, exon 5 (236-241)), RAD51D (not covered by
performance, exon 5 (130-160)), and RAD54L. Details on request (TVW, NS). Mutation and
LOH analysis of the NGS data was performed as described previously by de Jonge et al.
[49]. Variants were categorized using the 5-tier pathogenicity classification according to
Plon et al: Class 1= benign, Class 2 = likely benign, Class 3 = variant of unknown significance
(VUS), Class 4 = likely pathogenic, and Class 5 = pathogenic [50].

4.9 BRCA1 Promoter Hypermethylation by MS-MLPA

Analysis of BRCAT promoter hypermethylation by MS-MLPA was performed as described
previously [37].
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4.10 BRCA1 MLPA
Copy number variant (CNV)-MLPA was performed as described previously [49].

4.11 Clinical Response Evaluation and Follow-Up

Clinical follow-up data were retrospectively collected for all patients whose tumor
specimens had an informative RECAP score. Ovarian cancer staging was performed
according to the 2014 International Federation of Gynecology and Obstetrics (FIGO)
guidelines [51]. The study was conducted in accordance with the Declaration of Helsinki
and the Dutch Code of Good Conduct.

Primary therapy response after first-line treatment and overall therapy response at the
last check-up were assessed by physical and gynecological examination, measurement
of tumor marker CA125 and/or computed tomography (CT) scans according to the RECIST
version 1.1 guideline [52]. In patients with CA125 levels < 35 KU/L [53] and no clinical signs
of tumor by physical and gynecological investigation, a standard CT scan was not always
performed after first-line treatment (Figure S4). Primary therapy response after first-line
treatment was noted as a complete or partial response, or as stable or progressive disease
according to the WHO criteria. The best overall therapy response is defined as the best
recorded response from the start of the treatment to disease progression/recurrence.

Disease-Free Survival (DFS) was defined as the period between start of treatment,
i.e primary cytoreductive surgery, staging procedure or start of platinum-based
chemotherapy, and the first observation of recurrent or progressive disease or death
due to any cause, whichever occurred first. A patient was considered platinum-sensitive
when no recurrence or progression was noted for 26 months after the last chemotherapy.
When recurrence or progression occurred within <6 months after the last chemotherapy,
a patient was considered platinum-resistant. Overall Survival (0S) was determined from
the date of start of treatment i.e. date of primary surgery or start of platinum-based
chemotherapy to the date of death from any cause. Follow-up time was calculated from
the date of start of treatment until the last check-up before cut-off for the final analysis
or the date of death from any cause (Figure S&).

4.12 Statistical Analysis

Statistical analysis of clinical data was performed with SigmaStat 3.5 and Graphpad Prism
8.0. Student’s t-tests were performed on numerical data when normality criteria were
met, otherwise Mann-Whitney U tests were performed. Chi-square tests were performed
on categorical data when normality criteria were met and Fisher's exact tests were
performed when data were not normally distributed. Kaplan-Meier plots of follow-up
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were generated in Graphpad Prism 8.0 for OS. Images were produced with GraphPad
Prism 8.0 and Adobe Creative Suite CS6.

5. Conclusions

In this manuscript we describe the use of the REcombination CAPacity (RECAP) test to
identify HRD ovarian carcinomas. We found that all HRD ovarian carcinomas in our cohort
were of the high-grade serous (HGSOC) histological subtype. The RECAP test showed that
26% (10/39) of HGSOCs were HRD. Of the HRD tumors available for sequencing, 8/9 showed
pathogenic BRCA1/2 variants or BRCAT promoter hypermethylation, indicating that the
RECAP test matches and exceeds the detection capacity of DNA-based tests, but more
rapidly and at lower costs. Furthermore, we found a trend towards better overall survival
of HGSOC patients with HRD tumors compared to patients with HR proficient tumors.
Overall, we show that the RECAP test is rapid, reliable and as such a good alternative to
DNA-based tests.
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Figure S4. Timeline treatment procedure EOC patients. A) Treatment procedure for EOC patients
undergoing primary cytoreductive surgery combined with first-line chemotherapy. B) Treatment
procedure for EOC patients undergoing neoadjuvant chemotherapy combined with interval
cytoreductive surgery and first-line chemotherapy. RECAP tumor specimens were obtained during
the primary cytoreductive surgery, interval cytoreductive surgery or during recurrent disease. Clinical
treatment outcome (indicated with ‘a’ and ‘b’) was measured directly after first-line chemotherapy
treatment (a = best overall therapy response) and at the last check-up or death (b = 0S). The follow-
up time was measured as the time between the start of treatment and the last check-up or death.
DFS was measured as the time between the start of treatment and recurrence/progression of
disease. A patient is considered platinum-sensitive when no recurrence or progression occurs for
>6 months after the last chemotherapy. When recurrence or progression occurs in <6 months after
the last chemotherapy, a patient is considered platinum-resistant. Abbreviations: EOC = epithelial
ovarian carcinoma; DFS = Disease Free Survival; OS = Overall Survival.

85




The RECAP test rapidly and reliably identifies homologous recombination-deficient ovarian carcinomas

"A11DedY) UOIIRUIQWOITY = dYDTY QU31DYSd-YH = QYH ‘91RIPaWISIUI-YH = [4H ‘IUBIDY0Id-YH = dYH ‘UOI1eUIqW0I3Y SNOSOJOWOH =
YH :suolleIAaIqqy "d]qe]ieAe sem Adelayiowsyd aul-1siy Jaiye erep dn-moijo) 813)dwod (Al pue Adessylowsyd paseq-wnuiiejd paaiedal juaited syl (11l
‘(A138ans 1easd1ul 1o Arewrad) sseasip Arewud Suinp paulelqo sem uswidads Jownl ayl (11 ‘AUBIIUSQJ-YH 410 1UBIDLOId-YH Sem 3103S d¥IIY 3yl uo paseq
u011eILISSE)I BY] (1 *eld1lId SUIMO]]0) 8yl Uo paseq sisAjeue ayl ul papn)dul aiem syusiied quawieas) wnuneld o1 ssuodsal 1ediud ayl 4oy aAndipa.d
SeM 3103S dvD3Y ayl JI sulwialap ol ‘asuodsai Adessyl yum sa103s dyd3y Jo uosiiedwod 10y uoisnpul Jusned Sunenisn)) 1eysmoyq °sS ainsiy

¥ = u dn-moj|o} ¥ = U Juswyesl) 0l = U asessIp _u
juaioynsu| wnuneld oN JUa.LIN09Y Nmu " WI
popN|ox3 popn|ox3 popnjoxg papnjox3
8 = U QyH 0l = U QYH
. Z=UIdH
owrumm m_m_w___m._:m 6 =UQuH 6 =UQyH 1€ = U dYH
._om papnjou v¢ =UddH 8¢ = U dyH 6y =u
sjuened saseo panoidde
HeREd dvoay

86



S4d 498u0|

IV/HO1

sa|dwes anssn

€ v

€ pamoys |Y/HOT 12A3] Y31y yum sjudned | Jo s|9Ad| ysiy pey siowny (£/6T) %T9 L uazoyj-deus | 10 g dpeuS DOSOH | Pue HOT IPIM-aWouaD
uoneiAyiaw uonejAylow
Ja30Wwo0ud HTSAVY Yum sajdwes Suowe \_wuoE.oE P sainjeusis
Jaysiy Ajpuedyiusis asam $2403s QUH |euoneinw
siown; /saeds djwouan
JUBIY3P Z/T¥DYg Ul 13y31y Apuedyiusis SON Zv0Y8/TvIYg o
sem suoi8ai HO1 8uoj jo Jaquiny 7102 1013 “A ‘Y2IAxqy
Z/Tv2Y4d 40 uoissaidxa
(s€p=u) 1oyod Juaned suo ui SO MoJ Jo uonelAylaw TyOyg ZvoHg (suoyod sa|dwes anssn B
2a4y1 jo pa129|3s 10U D03 HO1 3pIm-awouan
pue S4d panoidwi 03 paleldosse $3109s QYH Jo/pue Tyoyg ul siuelien dluadoyled e101) uazouy-deus
uo paseq siowm QuH (0v9/112) %ee | o 07
QyH
pue HO1 uaamiaq uone[a.l0d Suoiis oN HO
SO panosduil sajose 810¢ 1033 “ “pojwing
juelien 2iuadoyied SIM
pue Adesayy Asewnd 03 asuodsal pood TY948 Yam J0WN} UO ‘CYH (9=U) %6T 12 pue s||92 Jowny J0SOH 198181 /SIM/SOM
‘AjIAsuas wnupe|d 0} pajedosse QyYH R e pajenossiq P
sa|npou
V'N Saul| Xad QYH (€=U) %8¢ | S: Xad 8 | Jowm [guswo
AU WO} XAd
¥10¢C 032 “W'IN ‘ypys
9109|935
uogeinw .Ma _m_w:__ uonew.oy 190}
o 3 . d o
i """ | "
) B UeLIBAO UBWINY Jeuonounyg
- suoisnya eunajd B o P
V'N QYH %0 14 JueuSieW pap3)as jou D03 V'N 10T 1033 “[" “Uosianpd
13d psea.ou, ue Bulues Ty Joj anpeau | siosy Jdd OHI TvOYg 2102 | 032 “v AoAypodoyyniy
pue Ajagisuas winuneyd 0} pajenosse QYH | (€2/8) %SE Y21um woly ‘ayH (92=u) %S a8e1s 203
$303
- _ apes-ysiy pue . g
V'N QyH (9T=Y) %9 14 SBIsy a8els pasueape V'N 010z | /032 “v AoAypodoyynin
40} payauus 303
swaped
sa|dwes
syuaned ul asuodsas Adesay) nding / _mo adAy ajdwes | 1oyod jJuaned sasAjeue jo adAL ey PLETY 3Py 1S9 YH
Jaquiny

‘sasAjeue Jjwouas pue Jeuonduny Aq siown UBDYIA-YH JO UONEIYNUIP] ‘LS d)qeL

87



‘AjAnIsuas
quedeany 101paid 01 as12a4d Ajjuaioyyns

., ‘HO1 pa129|as ‘anL
10U SeM SN1BIS QYH JOASMOH “JuBWIeal) suondas HO1
10 JuelieA djuasoyied yoyg Jo duasald $SE -wnupeld ‘Odd 40 €1314VY £T0T 013 “T°Y “UbWajo)
1iedeons Jaye 2IWOU3F MO| Yyum anss| ue
ql He HO1 2! | Y3 U paseq ‘siownt QYH (¥95/vSE) %E9 0 3dd44 514d 930 D0S9H pue SON zvoyeg/1voyg
1MYDYg 01 paledwod S4d Pasealoul pamoys
HO121wouad ysiy yum sjusned mydyg
sainjeusis
‘AyAgisuas JueLen T
quedesiN 11pasd 03 as1aid Apuapyns y suoydas pa1a|as ‘aAIsuas | (LST pue YL ‘HO1) VAON a0 g
3 d
10U sem snjels ayH sdnoss dyH pue e o_tﬂ vOug e Yum (291/Lv) %62 96c anssy 3d44 -wnugeld 503 21025 pelAN Q¥H /9TAO-LOON3 9tz 1033 "W oz /s1e3s djwouan
Ya1yMm oy ‘siown} QYH (962/29T) %SS
AYH Y10q Ul paAlasqo sem 1yauaq |edluld
Ja10W0.d DTSAVY YUM %T “MWM_»“MH uoaeApaw J2jowold
IM %, L ue
J210Wo0ud TYIHG YHM SIOWN} %0T J15avY pue Tvoud
saua8 pare|aI-yH 681 ST0Z | "Vd ‘snojodougupisuoy
ul sjueliea sluasoyled Yum siowny %9
sauad
9TT 4O uoIssaldxa auan
juelien dluasoyied auljwial sseqere Al
10 21BWOS 7/TYDHE UM SIOWN) %07 AP YIOL |10 11 o315 “2050H
. uopejAylaw Jajowoud sa|dwes anssy pa1d3asun uonejAylaw e
S31el SO PUE S4d Uo 1pedwi ON LST . 10T 0 39 7] ‘031asny
P TYO¥g Yum siowny (£S7/8€) %ST uazouy-deus D0SOH J1910woud TyOyg !
‘sauad
vmﬁﬁ;ﬂﬁ%wwﬂm.‘_ﬁmﬂ_WEM:MMM‘__M;MMM_M”M Soua8 paieiaL-4H ET 4o 2Jou 06€ mMMn__u:“H“_ panafas Ajiensed |ued auas YH 4oy SON 10T 1033 “d"y ‘uoibuiuuag
wnuye|d Azewnd 0y wm.:.uamw_ Janaq e pey 40/3u0 uj uogeINw € Pey (06€/T2T) %1€ Jo :md.u:.am:m 9dd 10144203 )
S2UDF pPalejal-YH Ul SUOLEINW YIIM Sjuaned
SO panosdwi pue . Al 10 sauag e
S4d 498U0] 0} PajeId0SSE I9M $3109S QHH QuH 343M (80€/6ST) %CS 80¢ oseqeIep vadL |1 28835 DOSOH | 9TT 40 uoIssaldxa auan 10z 03271
vougw (02=u) %2Z (vo0L) z/1v0yg!
B 10 Zvoyg/Tvo4gh
SO pue S4d panoiduil 0} pajerdosse £toe [P38 "IN Aoqx1g
INWN sajdwes anssn pasasun (v921) suoneinw
sjuelien oluagoyred yoyg Yiim siown Ui 3 o 9T€ d .
(3nWN) usping uoneINW BWoOXI-3joyMm YSiH UBIY Yum yoygw 219m (9TE/vE) %TT uazouy-deus DOSOH SWOX3 JO JaquInu |30l
voyg ul
$199J9p INoYUM sjuaned o) sonslIeIRYD uonejAyrow uonejAyraw
|eAinns Jejiwis pey uonejAylawiadAy Ja30woud TYI¥E YHM (v1/6) %0 Jaj0woud TvOyg
J910Wwoud TYOYg Yum syuaned faxor4 1032 “7 ‘BuBp
sjuaned
/se|dwes
sjuayed uj asuodsau Adesayy inding 10 adAy sjdwes | 1oyod Jusned sasAjeue jo adA| ey Jeap /Py 1591 4H
laqunn

panunuod °Ls ajquL

88



‘JeAIAINS 9314 u0IssaISoud = S4d feAsalul 93y uoissalSold = |4d odAipyim = Im ‘BouejRqUI J119]1R = |V ‘UollelIeA Jaquinu Adod =
AND ‘YeiSouax paadp-uanied = xad ‘ewouldied agni ueidoye) Arewrd = J14d ‘ewouldled ploLIaWopua UeLBAO = D30 ‘ewouldied jeauoliad Arewnd
= Jdd ‘ewouldJed UBLIBAO SN0J3S apeIS YSIH = DJOSOH ‘ewouldied ueleao jenayids = 03 ‘Juaidysp uolleuiquodal snosojowoy = QyH :SUOeIAIqQY

ysiy HO1 pue syuelsen auasoyied
wo¥g yum sdnoasqns ay) ul 1a8uo| sem Sid

vOyg e pey siuaned (z6T/0v) %TT

‘quauindal ‘“Q0SOH

pue SON zZvoyg/Tvodg

*81005 QYH ue yum syuaned pa1s|as
01 Pa12143534 30U pue Joyod Judied sjoym 3 d ‘Al 10 ||| 9pes3
343 Ul PAAIISTO OS[E SEM LORE|2.1409 SIL N\:\ummh_ SHiELEn AWBEORe suogoas ploLIaWOpUa IO | (LSTPUE VL ‘HOT) ¢10e909 .
*dnoJs oqaoe|d ay3 ui ueyy dnoid pajeasy| Pey syuane wmm:CM Au\ov.omv gcc EEL anssy 3d44 DOSOH ‘@ARIsuas 94095 pelAN QYH /92N\OLODN3 610C | [p 32y UBIDN-23]pzU0D
quedediu ay3 ul 198uoj Ajjuesyiusis sem S 21035 QYH ue pey juaned (%6°05) L€ -wnuged /NNIYd
9y} ‘24035 QYH ue yum syusyed ay3 Suowy ‘pasouselp AimanN
uonejAylaw
A d
uonejAyisw Jarowold TYIHg YuM siowns (661/12) %TT P —
|aued Supuanbas
*S4d Ja8uo| pue SO panoidwi o
UB 0} P21RIDOSSE 313M S|9A3| ZVIYEg MO Jaoued JysisniL 810 [0 32 “| Yo|ngisy
i ay1 8uisn SON paiadie]
idwi ue 0 pajernosse aiam sjaA3| TYIYg MOT (T0Z/TT) %9 uelien djuadoyied Tyoyg 0z sa|dwes anssy mc_v__zmmn S|aA3| uoissasdxd
e paJnogJey siowni (T0Z/9€) %ST uazouy-deus Atewnd 903 -VNYW Z/Tvoyg
edejo uelien oluagoyied e painog.e
! S oo Youa B pasnaa e (1s1pue vL ‘HOT)
woJj 1yauaq o3 Ajay1| asow Ajleuidiew | sjuaned asayl Jo (6ET/TOT) %EL ‘@10 21035 PELIAA QM
Ajuo asam sniels yH yum sauaned yoygIm | QuH PeUAN e pauleiqo (66T/6€T) %0L : sainjeusis
‘sjuelien o1uagoyred yoyg yum syuaned 3 [etoneIn
se quede|o WOl 143U JepIWIS PaUIeE aua! ummm_m%mx auo 1se9] UonelAyIow SPSESLOOLON S /s1eds djwouan
sauad pajejal-yH ul syuelien duasoyied n wm Ut mu\,__)mﬁwx\,su_hwcwuuﬂ vm‘_:wm‘_m: J30Wo0ud TYOYE .mﬁooo\,uﬂﬁwon_ 8toe 1933 "4 UOSOpOH
INq MpOYg Yum suaged se/rz | 0 TOYE 1 (602/12) %0T 6T Apnis
Aunnisuas
suondas
‘quedejo woJj 1yauaq 1sow pauled juenen auadoyied z/Tvoyg N wnugeld yum
602 anssy 3d44 pue . |oued aua3 yH 104 SON
sjuerien dlusdoyied yoyg yum siusned paJnoguey siownl (60Z/TTT) %ES € Jo z apess3 20
so|dwes poo|g
snoJas pasdejay
sjueleA dluagoyled
voyg Yum (67=U) %9T Yorym
wioyy ‘A0 JOSOH QYH (¥9=U) %9€
¥204100S 8T0C [p 32 “v'3 ‘Yopouons
i ommemed SN e SO (N S P VYR T
[ pazel AueayIuSY > i = anssi3d44 | ‘Al03D128e15D03 | IVL ‘HOT) 24035 QYH
sjuenen djuagoyied yoyg pue 2103s QYH YaIym wouy ‘siowny QyH (v£=u) %0€
“Juswieal; quedejo
0} J92UBD UBLIBAO PJUBAPE WZ/TYIYFS suogaas suaned 2998£0TOLIN
eliea ouasoyied 6 e pey sjuaned : N D33 "NI'S Y23Yauwo
yum syuaned ur Ayanoe Jownjuue ajgeloN ! yied yDygb e pey syuaned ||y ST anssg 3dd4 503 2/1vo4gb SON ZVo¥8/Tvo4d 7 Apms 10T 1039 “N'S 223Y. a
21035
uysiy HO1 e pey suaned (z6T/28) %Er
“quedean i Juauneal 213y (107 | 032 “WF Gaysims
Jaye dnoidqgns mo| HO1 @y3 01 paJedwod juelien d1uasoyied 61 aAnIsuas-wnupe|d HO1

panunuod °Ls a)quy

89



The RECAP test rapidly and reliably identifies homologous recombination-deficient ovarian carcinomas
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Table S4. Excluded tumor specimens based on tissue quality, p53 status or the RECAP test.

Sample type

Tumor specimen

Number of patients

Total number of

obtained patients (n=21)
Solid tumors Primary disease 10 10
Exclusion QC1 tissue quality Primary disease 1 1
Ascites n

Recurrent disease 1 1
Primary disease 5

Exclusion QC2 p53 status Ascites 8
Recurrent disease 3

Exclusion RECAP test Ascites Primary disease 1 1

Tumor specimens were obtained during primary disease (primary or interval cytoreductive surgery)
or during recurrent disease. Tumor specimens were subjected to a stringent quality assessment as
described in the Materials & Methods. Abbreviations: QC = quality control; RECAP = REcombination
CAPacity.
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The RECAP test rapidly and reliably identifies homologous recombination-deficient ovarian carcinomas
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