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Abstract 

PARP inhibitors are used for treatment of tumors lacking function of the double-strand DNA 

break repair proteins BRCA1 or BRCA2 and are already approved for several cancer types. 

Thus, it is clinically crucial to determine germline as well as somatic BRCA1/2 mutations in 

those patients. The amplicon-based Oncomine BRCA1 and BRCA2 Assay is a test routinely 

used in diagnostics with FFPE specimens. The assay is validated for the detection of 

mutations, however, data on its performance in detecting large genomic rearrangements in 

FFPE tissue, is scarce.  

We cross-validated Oncomine BRCA1 and BRCA2 Assay in blood samples and/or FFPE 

tissue with multiplex ligation-dependent probe amplification (MLPA) for exon deletions and 

with OncoScan and an in-house hybridization-based target capture assay (MelArray) with a 

customized pipeline for the detection of loss of heterozygosity (LOH) and heterozygous 

versus complete gene loss.  

The Oncomine BRCA1 and BRCA2 Assay could detect both exon deletion and mono- and bi-

allelic losses of the BRCA1/2 genes.  

We show that the therapeutically relevant large genomic rearrangements are reliably detected 

with the amplicon-based Oncomine BRCA1 and BRCA2 Assay in FFPE tumor tissue. Based 

on our data, we suggest tumor BRCA testing as standard diagnostic prescreening prior to 

germline BRCA testing.  
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Introduction  

With the growing understanding of the molecular characteristics of cancer, novel treatment 

options specifically targeting tumor vulnerabilities have emerged (Mateo et al., 2019). A 

paradigm drug affecting only the cancer cells due to tumor specific alterations is the family of 

Poly(adenosine diphosphate-ribose) polymerase inhibitors (PARPi) in tumors lacking 

function of BRCA1 or BRCA2. The effect of the PARPi is known as “synthetic lethality” 

(Kaelin, 2005): the loss of function of BRCA1 or BRCA2 tumor suppressor proteins involved 

in double-strand DNA break (DSB) repair has no impact on cell survival, rather it contributes 

to malignant transformation by provoking genomic instability. However, the additional 

blocking of the single-strand DNA break (SSB) repair pathway by PARP1 leads to cancer cell 

death due to catastrophic DNA damage, while largely sparing normal cells. Based on two 

studies with BRCA1/2 deficient cancer cell lines (Bryant et al., 2005; Farmer et al., 2005), 

PARPi have been rapidly established as a new standard in targeted cancer therapy. In the last 

10 years PARPi showed antitumor activity in breast cancer (Litton et al., 2018), ovarian 

cancer (Coleman et al., 2017; Mirza et al., 2016; Moore et al., 2018; Pujade-Lauraine et al., 

2017), prostate cancer (De Bono et al., 2020; Hussain et al., 2020) and pancreatic cancer 

(Golan et al., 2019) and have already been approved for several indications. There have been 

multiple studies reporting the presence of somatic BRCA1/2 mutations in tumor tissue. 

Whereas 11 to 15% of cases harbor germline mutations, somatic BRCA1/2 mutations in 

ovarian cancer patients occur in approximately 5-7% of the cases (Bell et al., 2011; 

Cunningham et al., 2014; Hennessy et al., 2010; Pennington et al., 2014; Yates et al., 2014). 

While the clinical relevance of germline BRCA mutations is established, the full significance 

of somatic mutations remains unclear and it seems to be dependent on the cancer type. In 

ovarian and prostate cancer, it appears that patients with somatic BRCA mutations are likely 

to equally benefit from PARPi treatment as patients with germline mutations (Ledermann et 

al., 2014, 2012; Mohyuddin et al., 2020). Therefore, in order to detect both somatic and 
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germline BRCA variants and capture all patients who may benefit from PARPi treatment, a 

rapid, affordable and reliable BRCA1/2 mutational test including detection of large genomic 

rearrangements, which can be applied in formalin-fixed paraffin-embedded (FFPE) tumor 

tissue is needed. 

Several commercial BRCA1/2 next-generation-sequencing (NGS) tests are meanwhile broadly 

used in routine diagnostics. Single nucleotide variants (SNV) and small insertions and 

deletions (indels), ranging from one nucleotide to small nucleotide stretches, are reliably 

detected with a comparable performance by both amplicon-based and hybridization-capture 

based assays. However, another class of alterations referred to as large genomic 

rearrangements (LGR) (Judkins et al., 2012), are challenging for testing in FFPE tissue and 

particularly for amplicon-based NGS assays. The LGRs include two types of alterations of the 

genes BRCA1 or BRCA2: 1.) Loss or duplication of one or more exons and 2.) Loss of one or 

both alleles (copy number alterations). The latter is probably the result of genomic 

rearrangements during tumorigenesis in line with the Knudson two-hit hypothesis (Knudson, 

1971). In contrast, the loss or duplication of one or more exons is considered similar to the 

pathogenic SNVs and indels in BRCA1/2, and they are often germline alterations (Cao et al., 

2019). Thus, in clinics a patient tested negative for BRCA1/2 mutations in the FFPE tissue 

would often be referred to a geneticist in order to exclude a germline exon deletion by using 

high quality leukocyte DNA from blood and the gold standard diagnostic test for LGRs, being 

the multiplex ligation-dependent probe amplification (MLPA). Considering the substantial 

number of patients tested with BRCA1/2 wild-type on tumor tissue, this increases the costs 

and particularly the time needed to reach a clinical decision on the therapeutic strategy.  

In our accredited diagnostic laboratory we established and validated the Oncomine BRCA1 

and BRCA2 Assay on the Ion Torrent platform in 2016 and used the test routinely for testing 

BRCA1/2 SNVs and indels. Meanwhile, the bioinformatic pipeline used for analysis was 

further developed by Thermo Fisher in order to detect LGRs as well. However, although 
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tested by the company (Thermo Fisher Scientific, White Paper 2019 Evaluation of the 

Oncomine BRCA Research Assay for variant detection by next-generation sequencing) and by 

Germani et al. (Germani et al., 2018) for diagnostics in blood samples, no detailed 

information on the performance of this part of the test in FFPE tissue could be obtained, 

neither from the company nor from peer-reviewed publications by other diagnostic 

laboratories. Moreover, no threshold is set for the parameters calculated by the software (Ion 

Reporter) for distinguishing positive and negative results. 

In order to test the performance and develop guidelines for the interpretation of the LGR 

results based on the Oncomine BRCA1 and BRCA2 Assay in routine diagnostics, we analyzed 

a collective of 20 samples and cross-validated the results with different assays: 1) 5 samples 

from patients with known germline exon deletions revealed in the course of genetic 

counselling and 2) 15 samples from routine diagnostics were picked based on the altered copy 

number status in the Oncomine assay (being no CNV, BRCA1 deletion or BRCA2 deletion) 

and were all cross-validated by OncoScan array. In the cases of discordance or equivocal 

results, an in-house hybridization based target capture assay (“MelArray”) was performed as 

an additional test. Here, we show that after adjusting the filter criteria of the software, the 

commercially available Oncomine BRCA1 and BRCA2 Assay detects reliably all LGRs in 

FFPE tissue. We summarize the adjusted criteria and the gained experience, including 

samples difficult to interpret, in user-friendly guidelines. 

 

Methods  

Patient cohort 

Patient data were collected after informed consent had been obtained in cases, in which it was 

necessary, and permission to collect data had been given by the Ethical Committee of the 

Canton Zurich (KEK-2012 553). The patient collective consisted of 20 patients. 5 patients 

with known germline exon deletions (detected by MLPA testing on DNA from blood 
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leukocytes in the context of a genetic counseling) were tested in FFPE tissue. Further 15 

patients who were tested in routine diagnostics were picked for cross-validation with 

OncoScan and MelArray. The samples comprised n=5 presumed negatives (copy number 2), 

n=5 presumed with BRCA1 deletion (copy number 1) and n=5 presumed with BRCA2 deletion 

(copy number 1). Patient history, family history, and gynecological follow-up data were 

obtained either by the hospital data bank or by contacting primary care providers and 

gynecologists by telephone. The results from the MLPA BRCA1/2 test on blood leukocyte 

DNA were obtained from the medical genetics report through the hospital database. 

 

Sample preparation 

Tumor area was marked on the HE slide and relative tumor cell content was determined by a 

trained pathologist (Supplemetary table 2). Cores (1-3 cylinders, 0.6 mm diameter) from the 

tumor area of FFPE blocks or 300 μl of peripheral blood collected in BD Vacutainer K2 

(EDTA 18.0 mg) were used for DNA isolation using the Maxwell 16 FFPE Tissue LEV DNA 

Purification Kit (Promega, #AS1130), and the Maxwell 16 LEV Blood DNA kit (Promega, 

#AS1290) respectively, according to the manufacturer’s recommendations. The double-strand 

DNA concentration (dsDNA) was determined using the fluorescence-based Qubit dsDNA HS 

Assay Kit. 

NGS  

Oncomine BRCA1 and BRCA2 Assay  

Library preparation with 20 ng DNA input was performed with the Oncomine BRCA1 and 

BRCA2 Assay following the manufacturer's instructions. Adaptor/barcode ligation, 

purification and equilibration was automated with Tecan Liquid Handler (EVO-100). 

NGS libraries were templated using Ion Chef and sequenced on a S5 (Thermo Fisher 

Scientific Schweiz AG, Reinach, Switzerland), and the data were analyzed using Ion Reporter 

Software 5.12 with default settings (BRCA Oncomine 5.12, Thermo Fisher Scientific). 
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Briefly, the software uses the coverage of each amplicon compared to the coverage of all 

amplicons in order to detect large deletions. 

MelArray 

The KAPA HyperPlus Kit was used for DNA fragmentation and library preparation. Hybrid 

capture was performed using a customized probe set (Freiberger et al., 2019) by Roche 

NimbleGen (Basel, Switzerland). Libraries were sequenced paired-end (100 bp) on a 

NextSeq550 Illumina machine (Illumina, San Diego, CA, USA). 

A customized pipeline with open source software was used to analyze the data as described 

previously (Freiberger S.N., Cheng P., Pornputtapong N., Turko P., Kong Y., Irmisch A., 

Khan M., Halaban R., Dummer R., n.d.; Freiberger et al., 2019). Briefly, heterozygous SNPs 

are equally spaced across the genome to detect reliably copy number alterations. 

OncoScan 

The samples were processed by IMGM Laboratories GmbH (Martinsried, Germany) for CNV 

determination according to the Affymetrix OncoScan FFPE Array recommended protocol.  

The assay uses locus-specific molecular inversion probes (MIPs) optimized for highly 

degraded FFPE samples with a 40-bp probe interrogation site. Probes were hybridized to 

separate OncoScan microarrays for A/T and G/C signals/sample. After hybridization, 

microarrays were scanned with a 3000-7G GeneChip scanner (Affymetrix) and image files 

processed to yield signal intensity (.cel-) files. Cel files were then converted to .OSCHP files 

using OncoScan Console 1.3 (Affymetrix, Inc. St. Clara, CA, USA), yielding normalized log 

intensity ratios (sample/reference), B-allele frequencies and a set of metrics for quality 

control, including a median of absolute pair-wise difference (MAPD), normal diploid SNP 

QC (ndSNPQC) or normal diploid waviness standard deviation (ndWavinessSD). After 

quality checking, samples were categorized as high, normal or low CN based on the log 

intensity ratio using the TuScan algorithm as implemented in Nexus Express Software for 

OncoScan 3.0.1 (Biodiscovery, Inc. 2014, El Segundo, CA, USA). 
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Results 

The bioinformatic algorithm behind the calculation of LGRs in the Thermo Fisher companion 

software Ion Reporter consists of two parts reflecting the two kinds of rearrangements. One 

algorithm is used for the calculation of exon deletions and duplications and a second one for 

the detection of copy number alterations of the entire BRCA1 and BRCA2 genes. 

 

Performance of the Oncomine BRCA1 and BRCA2 Assay for exon deletions 

First, we tested the performance of the Oncomine BRCA1 and BRCA2 assay in detecting exon 

deletions and duplications by sequencing three patients with known germline exon deletions 

(detected by MLPA testing on DNA from blood leukocytes in the context of a genetic 

counseling). We analyzed high-quality DNA from blood samples and DNA from the FFPE 

biopsies and compared the results. The parameters calculated by the Ion Reporter LGR 

algorithm include the Oncomine variant class (“exon deletion”), the copy number (“1”) at the 

locus called missing and the “CNV confidence” being the estimated probability for the copy 

number (Fig. 1A). The assay includes an internal control, the so-called sample ID, that 

consists of amplicons distributed over the genome and covering genes others than BRCA1/2. 

All exons of BRCA1 and BRCA2 together with the sample ID used for calibration can be 

visualized in the software (Fig. 1B). All three exon losses (Exon19, Exon16 and Exon20-21) 

could be detected and are visible in both the result table and the graphic representation. 

Interestingly, in all three patients, the CNV confidence was similar in blood and FFPE but 

between the cases, the confidence for exon deletion differed (Fig. 1A). In these three 

validation cases, the exon deletions were visible and concordant between the CNV confidence 

number calculated and the visualization plot. In summary, these three cases showed a clear 

result and straightforward interpretation, in both blood and FFPE tissue.  
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In contrast, two further cases – ExDel#4 and ExDel#5, for which only FFPE was tested, 

showed results controversial between the result table and the visualization plot (Fig. 2A and 

B). For the case ExDel#4 the algorithm called a duplication of exons 2-8 with a CNV 

confidence of 100 (Fig. 2A). The visualization plot clearly shows (also in comparison to the 

BRCA2 exons and the sample ID) that in fact the sample carries a deletion of exons 9-23 

rather than a duplication of exons 2-8. The second case difficult to interpret displays a 

deletion of exons 7 and 8 that is considerable in the visualization graph (Fig. 2B) but has a 

rather low CNV confidence of 18 (Fig. 2A). Both samples could be interpreted correctly when 

including the visualization plot in the decision-making. 

 

Performance of the Oncomine BRCA1 and BRCA2 Assay for CNV detection compared 

to OncoScan  

In the second part of the validation study, we aimed at testing the performance of the 

Oncomine BRCA1 and BRCA2 assay on detecting whole gene mono- or bi-allelic losses in 

comparison to OncoScan array (probe distribution shown in Suppl. Figure 13) and its 

performance to distinguish real homozygous from heterozygous deletions with an additional 

in-house hybridization based target capture assay (MelArray). The usual data reported by the 

software for three different cases – Copy number CN 2 (REF), loss of BRCA1 (GeneCNV, 

BRCA1DEL) and loss of BRCA2 (GeneCNV, BRCA2DEL) are depicted in Fig. 3A. All three 

constellations were called with a confidence of 100. For each case, the visualization by IR 

5.12 (Fig. 3B), the genomic view, and the zoom-in on the BRCA1 and BRCA2 loci from the 

OncoScan array (Fig. 3C) are represented. Interestingly, in contrast to the exon deletion 

calling, the visualization plot of the CNV reporting is not always suggestive of the result 

reported in the table. GeneDel sample #2 has a very slight decrease of BRCA2 as compared to 

BRCA1 and the sample ID in the plot and still has a CNV confidence of 100. In total, we 

tested 15 samples for copy numbers of BRCA1 and BRCA2 with both the Oncomine BRCA1 
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and BRCA2 assay and the OncoScan array (Table 1, Supplementary Figures). We found 

discordant results between the two assays in four of the 15 cases. Three cases were not 

concordant, since Ion Reporter calculated 2 copies of BRCA1 and BRCA2 and the OncoScan 

array detected deletions and one gain (amplification) (Table 1: GeneDel#4, GeneDel#7 and 

GeneDel#11). In one case, the Oncomine BRCA1 and BRCA2 assay and the OncoScan array 

found both a BRCA1 deletion but the OncoScan array reported also a BRCA2 deletion 

(GeneDel#12).  

 

Cross-Validation of Oncomine BRCA1 and BRCA2 Assay with MelArray assay 

In order to clarify the reasons for this discordance, we added the complementary MelArray 

that takes into account the percentage tumor cells for the calculation of CNVs and has a 

numeric cut-off for the amplifications, hetero- and homozygous deletions for each sample. In 

all four discordant samples, the MelArray confirmed the result obtained by the Oncomine 

BRCA1 and BRCA2 assay. The additional deletions and gains observed in the OncoScan data 

were also detected by the MelArray but were beyond the numeric threshold for 

deletion/amplification (s. Suppl. table 1). We further elucidated if a result “BRCA1 or BRCA2 

deletion” can be subdivided into heterozygous deletion or homozygous deletion by the 

Oncomine BRCA1 and BRCA2 assay. In one sample (GeneDel #15), a homozygous deletion 

was suspected due to two calls from the two different algorithms. GeneCNV CN 1 and an 

additional Exon Deletion of exons 5-27 (Fig. 4A and B). This was also reflected by the 

tremendous drop of the exons of BRCA2 when compared to BRCA1 and the sample ID in the 

visualization plot. This sample was compared to another sample (GeneDel#13) with only a 

BRCA2 deletion detected, suggesting a heterozygous deletion (Fig. 4C and D). Both samples 

were sequenced additionally with the MelArray and by the corresponding CNV calculation 

pipeline a homozygous deletion in BRCA2 was detected for GeneDel#15 and a heterozygous 

deletion for GeneDel#13 (s. Suppl. table 1). Whereas most of the samples sequenced 
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according to the diagnostic quality criteria show a good correlation between the calculated 

values and CNV confidence and the visualization plot, some samples are difficult to interpret. 

In sample GeneDel#1, according to the table with copy numbers, the algorithm evaluates 

some of the exons as “NOCALL” but with generally low CNV confidence (Fig. 5A). The 

only alteration with CNV confidence of 100 is the BRCA2 deletion GeneCNV that can be 

unambiguously recognized on the visualization plot. In general, this sample was with relative 

high median of absolute pair-wise difference - MAPD (0.318), the value being a measurement 

of the variation in read coverage. High variation resulting in high MAPD values impairs the 

calculation of CNVs and thus, these results should be handled with care. 

 

Summary of results 

In summary, we cross-validated the results on LGRs gained by sequencing 20 samples with 

the Oncomine BRCA1 and BRCA2 assay and after integrating the numeric results from the IR 

5.12 CNV algorithm and the visual representation we could detect correctly all 20 LGRs 

(Table 2). Based on our data, we suggest a decision tree (Fig. 6) that will help using all assay 

parameters and increase the sensitivity and positive predictive value of the assay in the 

diagnostic routine. However, the interpretation should be performed with caution since the 

detection of CNVs/exon deletions by the Oncomine BRCA1 and BRCA2 Assay is 

tremendously influenced by the quality of the library in terms of MAPD and uniformity. 

  

Discussion 

BRCA1/2 mutation status and genomic instability testing are an important part of treatment 

decisions in different tumor entities like ovarian, breast, prostate and pancreatic cancer 

(Coleman et al., 2017; De Bono et al., 2020; Golan et al., 2019; Hussain et al., 2020; Litton et 

al., 2018; Mirza et al., 2016; Moore et al., 2018; Pujade-Lauraine et al., 2017) 
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The Oncomine BRCA1 and BRCA2 Assay by Thermo Fisher is an assay commonly used on 

FFPE tissue for the detection of SNVs and small Indels in the genes BRCA1 and BRCA2. 

However, an add-on of the assay enables the detection of larger rearrangements, the LGRs, 

including loss of exons and loss of the whole gene. Although the assay has been validated 

with high quality DNA from blood leukocytes and FFPE samples by the provider (Thermo 

Fisher Scientific, White Paper 2019 Evaluation of the Oncomine BRCA Research Assay for 

variant detection by next-generation sequencing), there is no study so far that systematically 

validated the performance of the assay in terms of detecting the LGRs in FFPE tumor tissue in 

the diagnostic setting. Moreover, according to the manufacturer no official thresholds for the 

detection of LGRs are available. Additionally, unlike the detection of SNVs and indels, the 

quality of the results for the detection of CNVs/exon deletions are tremendously influenced by 

the quality of the library in terms of low median of absolute pair-wise difference MAPD/good 

uniformity. Thus, some diagnostic laboratories still do not report CNVs/exon deletions 

considering this part of the assay difficult to interpret (personal communication). 

Consequently, a wild-type status of the assay might miss this infrequent type of BRCA1/2 

aberrations and for these patients an additional test for germline mutations on blood is often 

performed by the medical geneticists. This increases costs and particularly turnaround times. 

Moreover, approximately 5% of BRCA1/2 mutations in ovarian cancer are somatic and remain 

undetected in germline testing (Bell et al., 2011; Cunningham et al., 2014; Hennessy et al., 

2010; Pennington et al., 2014; Yates et al., 2014). 

In order to use the Oncomine BRCA1 and BRCA2 Assay also for the detection of exon 

deletions and CNVs in the diagnostic routine, we performed a cross-validation of the assay 

using in total 20 FFPE samples. MLPA is routinely applied with good quality blood DNA and 

thus was used for cross-validation of the germline exon deletions. However, MLPA is not 

“gold standard” for degraded FFPE DNA; therefore, we subjected the test samples to 

OncoScan and MelArray for the detection of whole gene CNVs. 
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Starting with three samples with known germline exon losses, we showed that the detection of 

the exon losses was with a similar confidence in both good quality blood DNA and degraded 

FFPE DNA but was unique for the specific deletion of each patient. We analyzed two more 

patients only in FFPE tissue and found a tendency for higher CNV confidence in the cases 

with loss of two or more exons, probably due to the higher number of amplicons covering the 

area and thus increasing the certainty (Fig 2). Of note, a threshold is important to be set, since 

samples with high variation in the amplicon coverage can produce low CNV confidence calls 

for exon deletions or duplications (Fig. 5). The CNV confidence of 18 in sample ExDel#5 is 

rather low and although the visual representation is suggestive of a true positive result, 

confirmation with an additional assay would be recommended in the diagnostic report. This 

value was set as the lowest possible found in true positive samples. 

The second algorithm is set to detect larger losses like a mono- or bi-allelic loss of the entire 

BRCA1 or BRCA2 gene. All samples were analyzed also with other versions of IR 5.6 and 

5.10 (data not shown). Of note, the algorithm of IR 5.10 cannot detect whole gene losses of 

BRCA1.  

In general, true positive whole gene losses are accompanied by a CNV confidence of 100, 

whereas small numbers are a sign of high standard deviation (MAPD high). We compared the 

data from the Oncomine BRCA1 and BRCA2 Assay with the OncoScan array data and set a 

threshold of 0.3 for the MAPD for the calling of exon losses and mono- or bi-allelic loss of 

BRCA1 and BRCA2 by IR5.12, since higher numbers reduce the reliability of the test. 

However, it is important to evaluate the visual representation of the data: the bi-allelic loss of 

BRCA2 failed the QC for calling exon and gene losses probably due to the almost complete 

absence of amplicons covering BRCA2 (MAPD 0.644, CNV QC- failed by Ion Reporter). The 

calling of BRCA2 gene loss and the parallel loss of BRCA2 exons 5-27 and considering the 

clear drop of all exons in BRCA2 in the visual representation, however, lead to the correct 

result of biallelic loss of BRCA2. Of note is that the clinical significance of a mono-allelic loss 
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of BRCA1 or BRCA2 is questionable (Maxwell et al., 2017) and some assays do not report it 

(for example Foundation One CDx). Interestingly, we analyzed the three samples with known 

germline exon losses with another broadly used Oncomine assay – the Oncomine 

Comprehensive Assay (data not shown) and the corresponding Ion Reporter Workflow and 

this assay was not able to detect the exon deletions. This result underlines the need to use the 

specific Oncomine BRCA1 and BRCA2 Assay although the Oncomine Comprehensive Assay 

covers the genes BRCA1 and BRCA2.  

In summary, we performed an orthogonal validation of the Oncomine BRCA1 and BRCA2 

Assay and show that it reliably detects known therapeutically relevant aberrations in the genes 

BRCA1 and BRCA2, including large genomic rearrangements. Our data is in agreement with 

recently published reports that prove NGS assays capable of detecting LGRs in BRCA1/2 

(Germani et al., 2018; Han et al., 2020). The thorough validation of the Oncomine BRCA1 

and BRCA2 test enables screening for targetable alterations directly in FFPE tumor tissue. 

Thus, a rapid, reliable and affordable tumor BRCA1/2 testing could be used in the future as 

standard analysis after diagnosis with ovarian, breast, pancreatic and prostate cancer in 

routine diagnostics. This will immensely shorten the time for treatment decision, especially 

for patients without BRCA1/2 alterations since only patients with tumor BRCA1/2 mutations 

will be referred to the more time consuming genetic counselling and germline (gBRCA1/2) 

testing. However, we would like to stress that in samples of lesser library quality or with 

borderline MAPD of the assay, MLPA in blood remains the gold standard for both, 

confirming true positives and avoiding false positives. 
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Figure legends 

Fig. 1. Validation of the detection of exon deletions by Oncomine BRCA1 and BRCA2 panel. 

A. Summary of the test samples and the parameters reported by Ion Reporter 5.12. B, C 

Visualization of the exons of BRCA1 (orange) and BRCA2 (green) based on the coverage and 

compared to the sample ID (yellow box). The deleted exons (arrows) display lower coverage 

compared to the baseline. The validation was performed with high quality DNA from blood 
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leukocytes (B) and consequently with DNA from the FFPE biopsies of the same patients (C). 

The CNV confidence is listed in A for both, blood and FFPE sample. 

Fig. 2. Examples for FFPE samples with exon deletions difficult for interpretation. A. 

Summary of the parameters reported by Ion Reporter 5.12. B. Visualization of the exons of 

BRCA1 (orange) and BRCA2 (green) based on the coverage and compared to the sample ID 

(yellow box). The deleted exons (arrows) display lower coverage compared to the baseline 

(dotted line). 

Fig. 3. Validation of the detection of gene CNVs by Oncomine BRCA1 and BRCA2 panel 

(extraction of the validation cohort). A. Summary of the test samples (examples depicted) and 

the parameters reported by Ion Reporter 5.12. B. Visualization of the exons of BRCA1 

(orange) and BRCA2 (green) based on the coverage and compared to the sample ID (yellow 

box). The deletions display lower coverage compared to the baseline. C: Samples were cross-

validated with OncoScan Array. Normalized log2-ratios of tumor to reference signal 

intensities at different SNP-positions across the entire genome of a human sample (upper 

panel). Chromosomal segments of copy number gains and losses are shown by blue and red 

boxes, resp., with the heights of the boxes indicating the average log2-ratio within each box. 

The yellow arrows indicate the location of BRCA1- (chromosome 17) and BRCA2-gene 

(chromosome 13). The middle panels show tumor to reference log2-ratio signal intensities of 

SNPs within (red dots) and in close vicinity (black dots) of BRCA1 and BRCA2 gene bodies, 

resp. The gene bodies are marked by blue boxes. The lower panels show tumor to reference 

log2-ratio signal intensities of SNPs within exons (blue boxes) and introns (white) of BRCA1 

and BRCA2 gene bodies. The orientation of transcription is indicated by black arrows. 

Fig. 4. Examples homozygous (A, B) vs. heterozygous loss (C, D) of BRCA2. A. and C. 

Parameters reported by Ion Reporter 5.12. B. and D. Visualization of the exons of BRCA1 

(orange) and BRCA2 (green) based on the coverage and compared to the sample ID (yellow 

box).  
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Fig. 5. Examples difficult for interpretation. A. Summary of the parameters reported by Ion 

Reporter 5.12. B. Visualization of the exons of BRCA1 (orange) and BRCA2 (green) based on 

the coverage and compared to the sample ID (yellow box).  

Fig. 6. Guidelines for reporting LGR the results obtained with Oncomine BRCA1 and BRCA2 

Assay.  

 

Supplementary Figure  

S1 – S12. Samples were cross-validated with OncoScan Array. Normalized log2-ratios of 

tumor to reference signal intensities at different SNP-positions across the entire genome of a 

human sample (upper panel). Chromosomal segments of copy number gains and losses are 

shown by blue and red boxes, resp., with the heights of the boxes indicating the average log2-

ratio within each box. The yellow arrows indicate the location of BRCA1- (chromosome 17) 

and BRCA2-gene (chromosome 13). The middle panels show tumor to reference log2-ratio 

signal intensities of SNPs within (red dots) and in close vicinity (black dots) of BRCA1 and 

BRCA2 gene bodies, resp. The gene bodies are marked by blue boxes. The lower panels show 

tumor to reference log2-ratio signal intensities of SNPs within exons (blue boxes) and introns 

(white) of BRCA1 and BRCA2 gene bodies. The orientation of transcription is indicated by 

black arrows. 

S13. Distribution of the OncoScan probes across the BRCA1 and BRCA2 loci. BRCA1 is 

covered by 65 in intronic regions and 15 probes in the exonic regions. BRCA2 is covered by 

60 intronic and 20 exonic probes. The locations of intronic probes are marked by red triangles 

, the locations of exonic probes are marked by white triangles. 
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Table 1. Concordance between BRCA1 and BRCA2 Oncomine assay with OncoScan and 

MelArray. 

 

Sample ID Oncomine w5.12 OncoScan MelArray 

  Call Confidence     

GeneDel#1 BRCA2 Deletion 100 BRCA2 Deletion - 

GeneDel#2 BRCA2 Deletion 100 BRCA2 Deletion - 

GeneDel#3 BRCA1 Deletion 100 BRCA1 Deletion - 

GeneDel#4 
No CNV 

(BRCA1/BRCA2) 
- BRCA2 Gain 

No CNV 

(BRCA1/BRCA2) 

GeneDel#5 
No CNV 

(BRCA1/BRCA2) 
- No CNV (BRCA1/BRCA2) - 

GeneDel#6 BRCA1 Deletion 100 BRCA1 Deletion - 

GeneDel#7 
No CNV 

(BRCA1/BRCA2) 
100/100 BRCA1, BRCA2 Deletion 

No CNV 

(BRCA1/BRCA2) 

GeneDel#8 BRCA2 Deletion 100 BRCA2 Deletion - 

GeneDel#9 BRCA1 Deletion 100 BRCA1 Deletion - 

GeneDel#10 BRCA1 Deletion 100 BRCA1 Deletion - 

GeneDel#11 
No CNV 

(BRCA1/BRCA2) 
- BRCA1 Deletion 

No CNV 

(BRCA1/BRCA2) 

GeneDel#12 BRCA1 Deletion 100 BRCA1, BRCA2 Deletion BRCA1 Deletion 

GeneDel#13 BRCA2 Deletion 100 BRCA2 Deletion - 

GeneDel#14 
No CNV 

(BRCA1/BRCA2) 
- No CNV (BRCA1/BRCA2) - 

GeneDel#15 BRCA2 Deletion 100 BRCA2 Deletion - 
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Table 2. Performance of the Oncomine BRCA1 and BRCA2 panel. Overlap of the NGS results 

(Oncomine BRCA1 and BRCA2 panel) with the results of other methods. No positive 

percentage agreement (PPA) and positive predictive value (PPV) are calculated due to the 

small number of cases analyzed. The asterix shows the numbers if the borderline case 

(ExDel#5) is considered true positive, in brackets the numbers if considered false negative. 

 

 

NGS 

Result 

Other test 

positive 

Other test 

negative 
Total 

Positive 15* (14) 0 15 

Negative 0* (1) 5 5 

Total 15 5 20 
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