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Abstract. Tumors harboring homologous recombination 
deficiency (HRD) are considered optimal candidates for 
poly(ADP‑ribose) polymerase 1 (PARP) inhibitor treatment. 
Such deficiency can be detected by analyzing breast cancer 
type (BRCA)1/2 gene mutations, as well as mutations in 
other genes of the homologous recombination pathway. The 
algorithmic measurement of the HRD effect by identifying 
genomic instability (GI) has been used as biomarker. As 
compared with the direct measurement of somatic gene 
alterations, this approach increases the number of patients who 
could benefit from PARP inhibitor treatment. In the present 
study, the performance of the Oncoscan CNV assay, accompa‑
nied by appropriate bioinformatic algorithms, was evaluated 
for its performance in GI calculation and was compared 
with that of a validated next‑generation sequencing (NGS) 
test (myChoice HRD test). In addition, the clinical utility of 
the GI score (GIS) and BRCA1/2 tumor analysis were inves‑
tigated in a cohort of 444 patients with ovarian cancer. For 
that reason, single nucleotide polymorphism (SNP) arrays and 
appropriate bioinformatics algorithms were used to calculate 
GIS in 29 patients with ovarian cancer with known GIS status 
using a validated NGS test. Furthermore, BRCA1/2 analysis 

results were compared between the aforementioned assay 
and the amplicon‑based Oncomine™ BRCA Research Assay. 
BRCA1/2 analysis was performed in 444 patients with ovarian 
cancer, while GIS was calculated in 175 BRCA1/2‑negative 
cases. The bioinformatics algorithm developed for GIS 
calculation in combination with NGS BRCA1/2 analysis 
(RediScore), and the OncoscanR pipeline exhibited a high 
overall agreement with the validated test (93.1%). In addition, 
the Oncomine NGS assay had a 100% agreement with the 
validated test. The BRCA1/2 mutation frequency was 26.5% in 
the examined patients with ovarian cancer. GIS was positive in 
40% of the BRCA1/2‑negative cases. The RediScore bioinfor‑
matics algorithm developed for GIS calculation in combination 
with NGS BRCA1/2 analysis is a viable and effective approach 
for HRD calculation in patients with ovarian cancer, offering a 
positive prediction for PARP inhibitor responsiveness in 55% 
of the patients.

Introduction

Tumors with a deficiency in DNA repair by homologous 
recombination (HR) are considered optimal candidates for 
poly(ADP‑ribose) polymerase 1 inhibitor (PARPi) treatment. 
Key components of the HR repair pathway are the breast cancer 
type (BRCA)1/2 proteins; their disruption inevitably leads 
to the disruption of the pathway, and therefore sensitivity to 
PARPi treatment (Fig. 1). Hence, PARPis have been approved 
for use in various tumor types based on somatic and/or germ‑
line BRCA1/2 mutation status as a biomarker of response 
prediction (1). This biomarker has revealed great robustness 
in terms of response prediction; however, it misses a high 
percentage of responsive cases. A variety of other proteins play 
significant roles in DNA repair by HR. Alterations in other 
HR repair genes, including partner and localizer of BRCA2, 
RAD51 paralog C (RAD51C) and RAD51D, have been associ‑
ated with improved responses to PARPi (2,3). However, the 

RediScore: Prospective validation of a pipeline for 
homologous recombination deficiency analysis

AIKATERINI TSANTIKIDI1,  KONSTANTINOS PAPAZISIS2,  THEOFANIS FLOROS3,  MARIA GAZOULI4,  
EIRINI PAPADOPOULOU1,  GEORGIOS TSAOUSIS1,  GEORGIOS NASIOULAS1,  ANDRA MESTER5,  

KUBELAC PAUL MILAN5,  BOGDAN GOZMAN6,  VLAD AFRASANIE6,  DANA LUCIA STANCULEANU7,  
OANA TRIFANESCU7,  FLORENTINA PESCARU8,  CLAUDIA MILITARU9  and  CHRISTOS PAPADIMITRIOU10

1Genekor Medical S.A., Gerakas, 15344 Athens; 2Department of Oncology, Euromedica General Clinic, 54645 Thessaloniki;  
3Department of Oncology, Athens Naval and Veterans Hospital, 11521 Athens; 4Department of Basic Medical Sciences  

National, Kapodistrian University of Athens, 11527 Athens, Greece;  5Oncological Institute, 400015 Cluj‑Napoca;  
6Regional Institute of Oncology, 700483 Iasi; 7Bucharest Oncological Institute, 700483 Bucuresti; 8St. Constantine 

Hospital, 500091 Brasov; 9Medisprof Cluj‑Napoca, 400641 Cluj‑Napoca, Romania;  10Second Department of Surgery, 
Aretaieion Hospital, Medical School, National and Kapodistrian University of Athens, Athens 11528, Greece

Received April 7, 2023;  Accepted September 7, 2023

DOI: 10.3892/ol.2023.14060

Correspondence to: Mrs. Aikaterini Tsantikidi or Dr Eirini 
Papadopoulou, Genekor Medical S.A., Spaton 52, Gerakas, 
15344 Athens, Greece
E‑mail: tsantikidi.k@genekor.com
E‑mail: eirinipapad@genekor.com

Key words: homologous recombination deficiency analysis, 
poly(ADP‑ribose) polymerase 1 inhibitors, single nucleotide polymor- 
phism arrays, next generation sequencing, BRCA1, BRCA2

https://www.spandidos-publications.com/10.3892/ol.2023.14060
https://www.spandidos-publications.com/10.3892/ol.2023.14060
https://www.spandidos-publications.com/10.3892/ol.2023.14060


TSANTIKIDI et al:  REDISCORE: A PIPELINE FOR HOMOLOGOUS RECOMBINATION DEFICIENCY ANALYSIS2

modest mutation frequency of non‑BRCA HR repair genes 
makes their contribution to PARPi sensitivity unclear, while 
for other genes there is evidence of absence of association (3).

In addition, in an exploratory subgroup analysis of the 
phase 3 PAOLA‑1 trial, non‑BRCA1 or BRCA2 HR repair 
genes failed to predict the benefit of olaparib plus bevacizumab 
in newly diagnosed advanced high‑grade ovarian cancer (4).

Hence, the identification of genomic scars suggestive of 
HR deficiency (HRD) has provided an alternative method for 
detecting tumors with HRD pathway deficiencies, focusing on 
the identification of the effect of HRD on the genome rather 
than its cause.

Currently, the most common genomic scar analysis 
methodologies are based on the analysis of the percentage of 
genomic regions with loss of heterozygosity (LOH, %gLOH) 
or the combined use of LOH, telomeric allelic imbalance 
(TAI) and large‑scale transitions (LSTs), giving rise to a 
genomic instability score (GIS). The validated next‑generation 
sequencing (NGS)‑based assay myChoice HRD test measures 
GIS derived from the unweighted sum of TAI, LST and LOH. 
Test positivity is consistent with a GIS score of ≥42 and/or 
the presence of a BRCA1/2 mutation. The clinical benefit of 
genomic scars analysis has been proven in several clinical 
trials using LOH alone or in combination with LST and TAI, 
indicating their utility as predictive biomarkers of response to 
platinum‑based and PARPi treatment, as well as in the context 
of breast and ovarian cancer (5,6). The best predictive value is 
obtained by combining the evaluation of GI with tumor BRCA 
mutation analysis (7).

Several assays that measure the HRD status for treatment 
decision‑making have also been developed. These include 
NGS assays measuring %gLOH and/or GIS, as well as geno‑
typing arrays that evaluate single nucleotide polymorphisms 
(SNPs) and provide a viable cost‑effective alternative for HRD 
computation. However, the lack of standardization among 
HRD tests emphasizes the significance of comparing existing 
testing methodologies (8‑10).

In the present study, an SNP microarray assay (Oncoscan 
CNV assay), accompanied by appropriate bioinformatics 
algorithms, was evaluated for its performance in GIS calcula‑
tion compared with the validated NGS test. In addition, the 
BRCA1/2 status in tumor samples from patients with ovarian 
cancer was assessed, and the clinical potential of the combined 
use of BRCA1/2 and GIS status was evaluated.

Materials and methods

Patients. A total of 29 formalin‑fixed paraffin‑embedded 
(FFPE) tumor tissue blocks obtained from patients under‑
going tumor tissue analysis with the Myriad myChoice® CDx 
assay (Myriad Genetics) were used. HRD status, GIS and 
BRCA1/2 mutations were recorded in the Second Department 
of Surgery, Aretaieion Hospital, Medical School, National 
and Kapodistrian University of Athens (Athens, Greece) by 
an independent investigator and the results were revealed 
upon analysis completion. A total of 444 consecutive patients 
with ovarian cancer were tested for the presence of BRCA1/2 
mutations between December 2021 and January 2023. The 
median age of disease diagnosis was 61 years (range, 29‑89). 
Of those, GIS analysis was performed in 188 patients with 

negative BRCA1/2 results. The present study was approved 
(approval no, 502/07‑01‑2023) by the Ethics Committee of 
‘Aretaieion’ University Hospital (Athens, Greece). Written 
informed consent was provided by all patients participating in 
the present study.

Tumor tissue processing and DNA isolation. Genomic DNA 
was extracted from the FFPE tumor biopsies using the 
MagMAX™ Total Nucleic Acid Isolation kit (cat no. AM1840; 
Thermo Fisher Scientific Inc.), according to the manufacturer's 
instructions. The nucleic acid isolation was conducted in 
FFPE tissues with >25% tumor cell content in a tumor area 
of >4 mm2, as indicated by an experienced pathologist. DNA 
concentration was measured with the Qubit™ 4 Fluorometer 
(cat no. Q33238; Thermo Fisher Scientific, Inc.).

BRCA1/2 NGS analysis. Analysis of the entire BRCA1 
and BRCA2 gene coding region was performed using the 
Oncomine™ BRCA Research Assay (cat no. A32841; Thermo 
Fisher Scientific, Inc.). This is an amplicon‑based targeted NGS 
assay that allows for the identification of all mutation types, 
namely single nucleotide variants, insertion‑deletion mutation 
and exon or whole gene deletion or duplication events. Library 
preparation was performed using standard protocols, according 
to the manufacturer's instructions (Thermo Fisher Scientific, 
Inc.). Sequencing was carried out using the Next Generation 
Sequencing Platform Ion GeneStudio S5 Prime System (cat 
no. A38196; Thermo Fisher Scientific, Inc.). Run metrics were 
accessed in the Torrent Suite™ software, using the coverage 
analysis plug‑in (v5.18.0.2; Thermo Fisher Scientific, Inc.). 
Data were filtered with a Q20 score threshold. Raw reads were 
mapped to the human reference genome assembly 19. Raw NGS 
data were uploaded to the Ion Reporter™ 5.18.4.0 Software 
(Thermo Fisher Scientific, Inc.) suite of bioinformatics tools. 
The analysis was performed using the manufacturer's work‑
flow (Oncomine BRCA Research Somatic‑530‑w3.6‑DNA). 
Furthermore, the commercial analysis software Sequence 
Pilot version 5.3.0 (JSI Medical Systems GmbH) was used for 
variant annotation.

SNP microarray assay and bioinformatics analysis. 
Hybridization was carried out via the OncoScan™ CNV Assay 
(cat no. 902695; Thermo Fisher Scientific, Inc.), as previously 
described (11‑13). Briefly, arrays were washed and stained 
using a GeneChip Fluidics Station 450 (cat no.  00‑0079; 
Thermo Fisher Scientific, Inc.) and scanned using a GeneChip 
Scanner 3000 7 G (cat no. 00‑0218; Thermo Fisher Scientific, 
Inc.). The array fluorescence intensity data (CEL files) were 
converted to Oncoscan array data (OSCHP files) and analyzed 
using the Chromosome Analysis Suite 4.3 (ChAS v.4.3) soft‑
ware. Quality control calculations, including the median of the 
absolute values of all pairwise differences (MAPD), and SNP 
quality control of normal diploid markers were measured.

Allele‑specific copy number analysis of tumors (ASCAT; 
v3.0.0)  (14,15) was used to evaluate and calculate tumor 
purity, ploidy and allele‑specific copy number profiles. Probe 
level data using logR ratio and B‑allele frequency of auto‑
somal markers were used as the input. Oncoscan‑specific GC 
(Guanine‑Cytocine) content and replication timing reference 
files were created and used for GC wave and replication timing 
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correction. Segmentation data from ASCAT, along with the 
previously described algorithms  (16) and definitions were 
used to calculate LOH (17), the number of telomeric‑allelic 
imbalances (NTAI) (18) and LST (19). The NTAI score was 
calculated as the number of regions with allelic imbalance that 
extended to one of the sub‑telomeres, did not cross the centro‑
mere and measured >11 Mb in length (20). The total value of 
GI was the sum of the three components and was given as 
a score (GIS). The GIS bioinformatics pipeline (RediScore 
v1.0) incorporated modifications adjusted to the Oncoscan 
array. The minimum number of probes/SNPs for a TAI region 
was adjusted to 126 so as to fit the OncoScan genome‑wide 
resolution. Chromosome‑specific ploidy was determined 
by major copy number fraction. To calculate the number of 
large‑scale chromosomal breaks, the size of micro‑vari‑
ation S_micro was set to 15, fitting the SNP density in the 

array (21). The GIS bioinformatics algorithm was optimized 
(RediScore v2.0) using modifications of the LST algorithm. 
The LST score was adjusted by removing copy‑neutral LOH 
segments and independently normalized by an estimation 
of whole‑genome doubling events in the tumor sample, as 
previously described (22). The flowchart for the HRD status 
calculation is represented in Fig. 2. The oncoscanR method was 
executed as described in the GitHub repository (https://github.
com/yannchristinat/OncoscanR); the normalized LST (nLS) 
score was then calculated for all samples analyzed.

SNP down‑sampling. Down‑sampling of probe level data 
was performed at the prespecified proportions of 1, 5, 10, 
20, 50 and 75% of the original 217,611 SNPs. SNP markers 
were down‑sampled using a strategy of relaxing the density 
of the SNPs across the chromosomes by removing the 

Figure 1. Mechanism of action of PARP inhibitors and comparison between HR proficient and HR deficient cells. HRD can be the result/cause of HRR pathway 
defects and/or genomic instability. PARP, poly (ADP) ribose polymerase; HR, homologous recombination; HRD, HR deficiency; HRR, HR repair.

Figure 2. Flowchart of the homologous recombination deficiency status calculation algorithm using Oncoscan data for the measurement of the GIS score. GIS, 
genomic instability score; LOH, loss of heterozygosity; TAI, telomeric allelic imbalance; LSTs, large‑scale transitions.
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between/intermediate SNPs, as appropriate (i.e. for 50% one 
every two SNPs was used, whereas for 10% one every 10 
SNPs was used). Down‑sampled probe level data were used 
for the calculation of the GIS score, simulating microarray 
assays of 10,000‑165,000 markers and evaluating the effect of 
the numbers of SNP markers on HRD assessment, similar to 
Cristescu et al (9).

Statistical analysis. Statistical analysis was performed in 
R version 4.1.3 (The R Foundation). Pearson's correlation 
coefficient (r) and Lin's concordance correlation coefficient 
(CCC) were used to evaluate the GIS as a continuous vari‑
able. The concordance of the GIS score calculated from 
the microarray assay, and the clinically validated NGS 
assay was accessed at the dichotomous cut‑off of 42 for 
RediScore v1.0 and v2.0 (GeneKor Medical S.A.), whereas 
the predefined cut‑off of 15.5 was used for OncoscanR. 
Positive predictive value (PPV), negative predictive value 
(NPV), overall predictive agreement and Cohen's kappa 
index (κ) were calculated using the GIS score and HRD 
status from the validated NGS assay as a reference. The 
ROCit R library (The R Foundation) was used to assess the 
overall diagnostic ability of all methods as binary classi‑
fiers using a receiver operating characteristic (ROC) curve, 
as well as the measurements of sensitivity (Se), specificity 
(Sn), area under the curve (AUC) and the optimal cut‑offs 
of the Youden index. 95% confidence intervals were used 
for all calculations. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Validation of GIS analysis algorithm. A blind analysis of GIS 
using microarray data and NGS based BRCA1/2 mutation status 
was performed in 29 patients with HRD results available from 
the validated NGS assay. Out of the 29 patients, 20 (68.97%) 
had a positive result and were characterized as HR‑deficient. 
Of those, a pathogenic or likely pathogenic BRCA1/2 mutation 

was identified in 6 cases. All BRCA1/2‑positive cases were 
detected using the Oncomine assay used in the present study, 
which demonstrated 100% agreement with the validated test 
in BRCA1/2 analysis.

HRD status based on a GIS cut‑off of 42 was evaluated for 
three different bioinformatics algorithms and compared with 
the validated NGS assay. Cohen's kappa (κ) was 0.696 [95% 
CI (0.424‑0.968)] for RediScore v1.0, exhibiting a substantial 
agreement between assays. For RediScore v2.0, the κ was 
0.848, [95% CI (0.647‑1.000)], while for OncoscanR it was 
0.828, [95% CI (0.602‑1.000)] (Table I), showing a near perfect 
agreement for both algorithms. Positive and negative agree‑
ment between each algorithm and the validated NGS test is 
presented in Table I.

In addition, ROC curve analysis was used to calculate a 
Youden index cut‑off and performance with an adjusted cut‑off 
for each algorithm (Fig. 3). High sensitivity and specificity 
were observed for all methods tested. Optimal cut‑off values 
based on Youden's index were highly similar to the predefined 
cut‑off values, which confirms the high agreement level and 
robustness of the different GIS calculation pipelines.

Furthermore, r and CCC were used to evaluate the GIS as 
a continuous variable (Fig. 4). The GIS score calculated by 
RediScore v1.0 and v2.0 revealed an excellent linear correla‑
tion (r=0.831 and r=0.833, respectively) and high agreement 
with the GIS score value from the FDA‑approved NGS 
assay (CCC=0.830 and CCC=0.829, respectively). The nLST 
value of OncoscanR revealed an excellent linear correlation 
(r=0.899) with the GIS score value from the FDA‑approved 
NGS assay but a poor agreement (CCC=0.290) with the GIS 
value, which was expected since the nLST is only one of the 
three components (scars) of the GIS score.

SNP down‑sampling performance on GIS calculation. 
Recent evidence has suggested that the high density of 
SNPs may affect the LOH measurement by fitting noisy 
neighboring loci; therefore, the effect of down‑sampling 
on the accuracy of calculating genomic metrics was 

Table I. Concordance characteristics on the validated NGS and the Oncoscan CNV assay on GIS score, as a categorical variable 
using alternative GIS analysis pipelines.

	 Validated assay GIS score status
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Assay	 GIS (+/‑)	 GIS +	 GIS ‑	 PPV (%)	 NPV (%)	 OPA (%)	 Kappa (κ)	 r, P‑value	 CCC

RediScore v1.0	 GIS +	 17	 1	 94.0	 72.7	 86.2	 0.696	 0.831,	 0.830
								        P<0.00001
	 GIS ‑	 3	 8						    
OncoscanR	 GIS +	 20	 2	 90.9	 100	 93.1	 0.828	 0.899,	 0.298
								        P<0.00001
	 GIS ‑	 0	 7						    
RediScore v2.0	 GIS +	 18	 0	 100	 81.8	 93.1	 0.848	 0.833,	 0.829
								        P<0.00001	
	 GIS ‑	 2	 9						    

GIS, genomic instability score; GIS +, positive, GIS ‑, negative; PPV, positive predictive value; NPV, negative predictive value; OPA, overall 
predictive agreement; κ, Cohen's kappa index; r, Pearson's correlation coefficient; CCC, Lin's concordance correlation coefficient.
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investigated. Down‑sampled SNP markers on probe‑level 
data were exported from ChAS and used to calculate the 
sum of LOH, LST and TAI, as demonstrated in Fig. 2. The 
highest correlation with the clinically validated HRD test 
was observed when 10% of the SNPs were used, indicating 
this factor as the optimal for SNP down‑sampling (Fig. 5). 
The difference in the GIS score values between the several 
down‑sampled versions of each sample revealed a moderate 
positive correlation (r=0.534, P=0.0028) with the MAPD 
value of the sample.

HRD calculation in clinical samples. BRCA1/2 analysis was 
performed in FFPE tissue samples from 444 patients with 
ovarian cancer (Fig. S1 and Table SI). Adequate DNA quantity 
(>1.5 ng/µl) was obtained in 421 cases. Successful sequencing 
results from 408 (96.91%) samples were received and included 
in the study. A mutation in the BRCA1/2 genes was detected 
in 26.47% (108/408) of the tumor tissues assessed. A total 
of 79 patients carried a tumor mutation in the BRCA1 gene, 
28 patients carried a BRCA2 mutation, and 1 patient carried 
both mutations simultaneously. The variant of uncertain 

significance (VUS) rate in our cohort was extremely low, 
accounting for 1.47% of the tumors assessed. The most common 
mutations detected were the BRCA1 c.3607C>T (16 cases) and 
the c.5266dupC (11 cases), which was in accordance with the 
Romanian origin of our cohort that shows a high prevalence 
of such mutations. The vast majority of mutations were trun‑
cating, leading to protein disruption, while a large genomic 
rearrangement involving the entire BRCA2 gene was detected 
in one patient.

Among patients with negative/VUS BRCA1/2, 188 
requested GIS analysis testing. Of those, evaluable arrays results 
(MAPD <0.3) were obtained in 175 cases. The Rediscore v.2.0 
was used for GIS calculation, showing a positivity rate of 40% 
(70/175). Given that the negative/VUS cases represent 73.53% 
of the initially tested cohort, if 100 patients with ovarian 
cancer were sequentially tested for BRCA1/2 genes and GIS, 
26.47% of them could receive PARP inhibitor treatment based 
on BRCA testing, while an additional 29.41% could be treated 
based on GIS analysis. Therefore, the percentage of patients 
with an approved predictive biomarker for PARPi treatment 
would increase to 55.88%.

Figure 3. Empirical and binormal ROC curves, AUC and performance characteristics using the commercial food and drug administration approved next‑gener‑
ation sequencing assay as a reference for homologous recombination deficiency positive/negative groups. The Youden's cut off is displayed (green point) relative 
to the predefined cut‑off (blue point) on the empirical ROC curve. (A) The RediScore v1 algorithm, (B) the OncoscanR algorithm and (C) the RediScore v2 
algorithm. ROC, receiver operating characteristic; AUC, area under the curve; TPR, true positive rate; FPR, false positive rate; Se, sensitivity; Sp, specificity.

Figure 4. GIS correlation determined using the food and drug administration approved commercial NGS assay and the Oncoscan assay with three different 
analysis pipelines. (A) The RediScore v1 algorithm, (B) the OncoscanR algorithm and (C) the RediScore v2 algorithm. GIS, genomic instability score; NGS, 
next‑generation sequencing.
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Discussion

PARPis have revolutionized treatment strategies for various 
types of cancer, including ovarian cancer. However, predic‑
tive biomarkers indicative of increased response probability 
are essential, in order to avoid unnecessary toxicity that is 
frequently observed in these patients (23). PARPis target DNA 
repair‑related PARP proteins. The inhibition of such molecules 
is lethal to tumor cells whose HR pathway is dysfunctional. 
This may be caused by alterations in the numerous genes 
implicated in this pathway, with BRCA1 and BRCA2 
playing a crucial role and being the most frequently altered 
HR genes  (24). BRCA1/2 gene mutation analysis has been 
extensively used to predict PARPi response, demonstrating 
the efficacy of BRCA1/2 genes as biomarkers. However, the 
mutation rate among patients with ovarian cancer is restricted 
to ~25%, and PARPi responses have also been observed in 
patients without BRCA1/2 gene alterations, indicating that 
additional biomarkers are required to identify more patients 
who could benefit from treatment. Furthermore, the predictive 
value of alterations in other HR genes has not been demon‑
strated for ovarian cancer. Therefore, an indirect approach for 
detecting HRD was deemed reasonable, as it does not require 
identifying the origin of the deficiency while capturing its 
effect on the tumor genome. This method has demonstrated 
clinical utility and predictive value in ovarian cancer, and can 
detect up to 50% of cases (5). An NGS‑based commercial test, 
has been extensively evaluated in clinical trials; it determines 
the combined status of LOH, TAI and LST, for the calculation 
of GIS, along with BRCA1/2 gene mutation analysis (4,25,26). 
Positivity is considered a GIS score of ≥42 and/or a BRCA1/2 
somatic or germline mutation (27). This approach has exhib‑
ited predictive value in ovarian cancer, leading to the approval 

of olaparib + bevacizumab in newly diagnosed cases with 
HRD, namely BRCA1/2 mutations and/or high GIS (6).

Several alternative NGS assays have been developed for 
accessing GIS calculation, exhibiting a substantial‑to‑near 
perfect agreement with the results obtained using the validated 
NGS test, suggesting the feasibility and reliability of HRD 
testing in diagnostic laboratories (28,29).

Genotyping SNP‑based microarrays are a reference meth‑
odology for genome‑wide analysis of copy number changes, 
that can identify regions of gain or loss of chromosomal 
regions and LOH (9,27,30). Therefore, they could represent a 
low‑cost alternative to NGS commercial assays. However, the 
bioinformatics approach used for GIS calculation is essential 
for obtaining high sensitivity and specificity in predicting 
HRD status.

In the present study, SNP array data obtained by the 
Oncoscan Assay, combined with NGS‑based BRCA1/2 
analysis, was used to calculate HRD status in patients with 
ovarian cancer.

Three different bioinformatics algorithms for GIS calcula‑
tion from Oncoscan data (Rediscore v1.0, RediScore v2.0 and 
OncoscanR) were evaluated. The Rediscore v1.0 algorithm, 
which calculates the sum of LOH, LST and TAI, exhibited 
substantial agreement with the validated NGS test for GIS 
score calculation. The RediScore v2.0 algorithm, which 
includes in the algorithm the nLST analysis (instead of LST) 
in addition to LOH and TAI, exhibited a near perfect agree‑
ment with the validated NGS test; the same was true for nLST 
calculated by OncoscanR. Rediscore v2.0 and OncoscanR had 
an identically high overall agreement with the validated NGS 
test (93.1%). All positive samples were detected by OncoscanR 
(PPV, 100%), while all negative samples were identified by 
Rediscore v2.0 (NPV 100%). The high agreement rate of the 
SNP assay used indicated its feasibility in GIS calculation, in 
accordance with previous studies (30).

In addition, as previously reported, SNP down‑sampling 
could contribute to an increase in overall agreement with the 
validated test, with the best GIS value agreement obtained when 
the 10% of the SNP arrays are used for GIS calculation (9).

Figure 5. Homologous recombination deficiency score correlation determined 
using the food and drug administration approved commercial next‑generation 
sequencing assay and the Oncoscan assay following SNP down‑sampling. 
(A) Lin's CCC and (B) Pearson r correlation. CCC, concordance correlation 
coefficient; SNP, single nucleotide polymorphism.

Figure 6. Clinical utility of combined GIS and BRCA1/2 analysis in ovarian 
cancer. The diagram shows the increase in the HRD detection obtained by 
the combination of BRCA1/2 and GIS analysis. GIS, genomic instability 
score; HRD, homologous recombination deficiency; NGS, next‑generation 
sequencing; BRCA1/2+, BRCA1 or BRCA2 positive patients; BRCA1/2‑, 
BRCA1 or BRCA2 negative patients; BRCA1/2‑GIS+, GIS positive cases and 
BRCA1/2 negative cases; BRCA1/2‑GIS‑, GIS and BRCA1/2 negative cases.
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A limitation of the present study was the absence of DNA 
extracted from the same sample for cross‑test comparison of 
the derived GIS results. In addition, increasing the number of 
samples used could strengthen the statistical validity of the 
assay comparison results.

The RediScore v2.0 algorithm, which is less prone to false 
negative results, and thus unsuitable PARPi therapy admin‑
istration, was selected for further evaluation in patients with 
ovarian cancer. In a cohort of 408 patients with ovarian cancer, 
26.5% were positive for BRCA1/2, which was in accordance 
with previous studies evaluating BRCA1/2 status in this tumor 
type. Furthermore, among the 175 cases negative for BRCA1/2 
mutations, an increased GIS score was identified in 70 cases. 
The addition of GIS to BRCA1/2 analysis could increase the 
number of patients who could benefit from PARPi treatment 
by 29.4% in the entire cohort, as 55.9% of the patients would 
be BRCA1/2‑or GIS‑positive and thus eligible for PARPi 
treatment based on the combined array and NGS data (Fig. 6). 
Therefore, joint analysis appears to be the most appropriate 
approach for HRD detection and is used in our laboratory by 
the name of RediScore.

In conclusion, SNP arrays are an efficient method for GIS 
calculation, as they exhibit high agreement with the validated 
NGS assay. The RediScore bioinformatics algorithm developed 
for GIS calculation in combination with NGS‑based BRCA1/2 
analysis is a viable and effective approach for HRD calculation. 
In addition, the clinical utility of HRD analysis was revealed in a 
cohort of patients with clinical ovarian cancer, offering a positive 
prediction for PARPi responsiveness in >50% of the patients.
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