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Abstract

Background Predicting response to targeted cancer therapies increasingly relies on both simple and complex genetic bio-
markers. Comprehensive genomic profiling using high-throughput assays must be evaluated for reproducibility and accuracy
compared with existing methods.

Methods This study is a multicenter evaluation of the Oncomine™ Comprehensive Assay Plus (OCA Plus) Pan-Cancer
Research Panel for comprehensive genomic profiling of solid tumors. A series of 193 research samples (125 DNA and 68
RNA samples) was analyzed to evaluate the correlation and concordance of the OCA Plus panel with orthogonal methods,
as well as its reproducibility (n = 5 DNA samples) across laboratories.

Results The success rate for DNA and RNA sequencing was 96.6% and 89.7%, respectively. In a single workflow, the OCA
Plus panel provided a detailed genomic profile with a high success rate for all biomarkers tested: single nucleotide variants/
indels, copy number variants, and fusions, as well as complex biomarkers such as microsatellite instability, tumor mutational
burden, and homologous recombination deficiency. The concordance for single nucleotide variants/indels was 94.8%, for copy
number variants 96.5%, for fusions 94.2%, for microsatellite instability 80.8%, for tumor mutational burden 81.3%, and for
homologous recombination deficiency 100%. The results showed high reproducibility across the five European research cent-
ers, each analyzing shared pre-characterized tissue biopsies (average of 1890 single nucleotide variants/indels per sample).
Conclusions This multicenter evaluation of the OCA Plus panel confirms the results of previous single-center studies and
demonstrates the high reproducibility and accuracy of this assay.

1 Introduction

Many tumors harbor genetic alterations that can inform diag-
nosis, suggest disease prognosis, and guide treatment deci-
sions. Next-generation sequencing (NGS) can help identify
specific variants in tumor DNA that can be targeted with
specific therapies [1, 2]. In addition, NGS enables the identi-
fication of co-mutations and new variants, further improving
our understanding of the molecular foundations of cancer.
Understanding the genetic profile of malignant solid tumors
is therefore increasingly important to provide patients with
cancer an optimal personalized treatment approach [3].
Actionable genetic alterations include single nucleotide
variants (SN'Vs), small insertions and deletions (indels),
fusions, splice variants, and copy number variants (CNVs),
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including both gene amplifications and deletions [3]. Further
information can be gained from complex biomarkers such as
microsatellite instability (MSI) and tumor mutational burden
(TMB), which affect the efficacy of immunotherapy [4, 5],
and homologous recombination deficiency (HRD) status,
which can predict sensitivity to targeted therapies in a range
of cancers [6].

Comprehensive genomic profiling (CGP) can now assess
hundreds of these clinically relevant cancer-related biomark-
ers in a single assay. This approach eliminates many of the
challenges associated with sending samples to central labo-
ratories for testing, as CGP assays can be integrated directly
into clinical laboratory workflows. Further advantages of
molecular profiling assays include a rapid turnaround
time, the ability to screen a large number of genes without
requiring specialized expertise, and large gene panels that
can identify clinically relevant genetic variants in a single
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This is a large (193 samples) multicenter evaluation of
the Oncomine™ Comprehensive Assay Plus panel for
comprehensive genomic profiling in solid tumors.

The study demonstrates a high level of concordance and
correlation with orthogonal testing, and high reproduc-
ibility of results when replicate samples were tested in
different laboratories.

In a single workflow with a high level of automation and
low material input, the Oncomine™ Comprehensive
Assay Plus panel provided a detailed genomic profile
that included a wide range of single nucleotide variants,
indels, copy number variants, fusions, as well as complex
biomarkers such as microsatellite instability, tumor muta-
tional burden, and homologous recombination deficiency
status, in over 500 genes and multiple tumor types.

workflow [7, 8]. Given the inherent difficulty of obtaining
biopsies from solid tumors, assays must also be able to work
with small tissue samples that have low tumor cell content
and/or yield low amounts of nucleic acids [9]. Any new
sequencing technology must address all of these issues and
generate data comparable to reference sequencing methods
to ensure reliability and consistent results.

The Oncomine™ Comprehensive Assay Plus panel
(OCA Plus; Thermo Fisher Scientific, Waltham, MA, USA)
is capable of detecting a variety of single- and multiple-
gene biomarkers in over 500 cancer-associated genes. The
performance of the OCA Plus panel has been evaluated in
comparison to orthogonal methods [10, 11]. However, such
single-center studies were not designed to demonstrate the
reproducibility of the assay in different settings.

Here, we describe the largest evaluation study of the
OCA Plus panel, which was conducted in five centers across
Europe and examined a wide range of research tumor types.
The OCA Plus panel was used to detect key simple (SNV/
indels, CNV, fusions) and complex (TMB, MSI, HRD sta-
tus) biomarkers in formalin-fixed paraffin-embedded (FFPE)
samples from tumor biopsies. The samples pre-characterized
with orthogonal methods were tested with the OCA Plus
panel, and the results were compared to assess correla-
tion and concordance. The reproducibility of the assay was
evaluated using a series of five unique samples exchanged
between the five participating laboratories. This study is the
largest to investigate the use of the OCA Plus panel for CGP
in a cohort of research pan-cancer samples.
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2 Materials and Methods
2.1 Study Centers and Sample Selection

The multicenter evaluation was conducted in five labo-
ratories at academic and clinical research centers around
Europe: Medical University of Graz, Graz, Austria (labo-
ratory 1); Leiden University Medical Center, Leiden, The
Netherlands (laboratory 2); Istituto Europeo di Oncologia,
Milan, Italy (laboratory 3); Institut Gustave Roussy, Paris,
France (laboratory 4); and Fundacién Investigacion Hospi-
tal General Universitario, Valéncia, Spain (laboratory 5). A
total of 193 research FFPE tissue samples were analyzed,
with each center selecting samples from its own biobank
material (Table S1a of the Electronic Supplementary Mate-
rial [ESM]). Formalin-fixed paraffin-embedded samples
were eligible for analysis if they had a minimum tumor cell
content of 10% determined by local pathologists and a con-
firmed relevant genetic alteration determined by a validated
orthogonal method. Most FFPE samples (96.5%) were <5
years old (2017-22) when nucleic acids were isolated for
orthogonal testing, with additional isolation and OCA Plus
panel testing conducted in 2022. Several orthogonal methods
were included, namely NGS, fluorescence in situ hybridiza-
tion, real-time polymerase chain reaction, and methylation
assays. A complete list is available in Table S1a of the ESM.
This study was approved by the institutional review boards
of the five research centers.

2.2 Assay Pre-Assessment and Evaluation Phases 1
and 2

Prior to the evaluation phase of this study, centers 1, 3,
and 5 pre-assessed the laboratory conditions and assay
performance using two commercially available synthetic
control samples, HD789 (Structural Multiplex FFPE DNA
Reference Standard) and HD827 (OncoSpan gDNA Multi-
plex) from Horizon (Horizon Discovery, Waterbeach, UK;
Tables S1b, ¢ of the ESM).

In the evaluation phases 1 and 2, the OCA Plus panel
was used to examine relevant genetic biomarkers. In phase
1, each center analyzed samples previously characterized by
orthogonal methods and known to harbor one or more of the
genomic variants. Each center selected a set of DNA samples
that were analyzed for five biomarker types (SNV/indels,
CNVs, MSI, TMB, and HRD), using the OCA Plus panel
resulting in a total of 125 unique DNA samples. Another set
of 68 RNA samples, also selected by each center, was used
to examine gene fusions.

In phase 2, each center sent a DNA sample to all other
centers to test for each biomarker type: laboratory 1 pro-
vided a sample for HRD analysis, laboratory 2 for MSI,
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laboratory 3 for TMB, laboratory 4 for CNVs, and labora-
tory 5 for SNVs/indels. In this phase, five unique samples
were exchanged among five laboratories, sequenced and ana-
lyzed to determine the reproducibility of the assay.

2.3 Nucleic Acid Isolation

Extraction of nucleic acids from research FFPE samples was
performed using the methods listed in Table S1a of the ESM
and according to the manufacturer’s instructions.

2.4 Genomic Profiling by NGS

The OCA Plus panel covers 501 cancer-associated genes
over 1.4 Mb of coding sequence, including 49 driver genes
in over 1300 different fusions and splice-site variants, identi-
fied from RNA-paired samples. The libraries were prepared
manually according to the protocol for the OCA Plus panel
and templated with the Ion Chef™ System. A total of 20 ng
of DNA was treated with uracil DNA glycosylase (Thermo
Fisher Scientific) to remove deaminated cytosines that
would cause a non-biologically relevant C > T transition.
Complementary DNA was synthesized from 20 ng of RNA
using the Ion Torrent™ NGS Reverse Transcription Kit
(Thermo Fisher Scientific). Sequencing was performed using
Ion 550™ chips on the Ion GeneStudio™ S5 Plus System
with Torrent Suite version 5.16 (Thermo Fisher Scientific).
Data were automatically transferred to Ion Reporter™ 5.20
(IR5.20; Thermo Fisher Scientific). Variants were called and
annotated with Oncomine Comprehensive Plus-w3.1 work-
flow in IR5.20, using human genome assembly 19 (HG19;
GRCh37). The Oncomine Comprehensive Plus Workflow
in IR automates the calculation of tumor cell content (% of
tumor cells) by analyzing genomic ploidy levels using het-
erozygous population SNPs and copy number ratios through
the CNV pipeline. If the automated calculation is unavail-
able, pathologist-determined values can be manually entered
for processing.

The TMB score is calculated by dividing the total
number of exonic non-synonymous somatic mutations
(i.e., missense and nonsense SNVs, frameshift and non-
frameshift indels) by the total number of bases covered at
least 60x. Somatic mutations are determined by the TMB
filter chain, which filters in mutations with an allele frac-
tion >5% and filters out germline variants using popula-
tion databases of the 1000 Genomes Project, NHLBI GO
Exome Sequencing Project, Single Nucleotide Polymor-
phism Database, and Exome Aggregation Consortium. A
TMB score threshold of ten or more mutations/Mb was
used to classify TMB status as high or low. The MSI score

is calculated considering 76 microsatellite loci known to
be affected by MSI. The Ion Reporter software compares
the signal of the targeted microsatellites from the tumor
sample with that of an in-sample standard (RMC) to cal-
culate an MSI score. A sample is classified MSI-high if
the MSI score is higher than a predetermined threshold.
Microsatellite instability status was categorized as high
if the score was > 19. The OCA Plus panel calculates the
genomic instability metric (GIM), a proprietary measure-
ment in Ion Reporter Software that quantifies genomic
scarring associated with HRD. It summarizes unbalanced
copy number changes in autosomes determined using
genomic segmentation and generates a value between 0
and 100. The higher the value, the more genomic instabil-
ity (GI) is observed in the sample. Homologous recombi-
nation deficiency status (positive or negative) was deter-
mined using a combined approach comprising BRCA1/2
mutation status and the GIM threshold established for
ovarian cancer (> 16 = GI-high, <16 = GI-low). Copy
number variant estimates were made by counting the reads
for each amplicon compared with the expected reads for
those amplicons in a “normal” sample. The limit of detec-
tion (LOD) of the copy number was estimated by an algo-
rithm trained on many different samples to capture sys-
tematic effects. This algorithm established the LOD for
copy number gain as 6 and copy number loss as a 0.5-fold
difference.

The success of DNA and RNA sequencing was assessed
using the following performance indicators: total mapped
reads, mean coverage, mean absolute pairwise distance,
number of amplicons above 500X, number of amplicons
above 250x%, and mean read length. The quality control (QC)
criteria for successful DNA sequencing were > 22 million
total mapped reads, mean coverage > 800X, and mean abso-
lute pairwise distance < 0.5, while successful RNA sequenc-
ing required > 500 K total mapped reads.

2.5 Data Analysis

The analytical evaluation included measurements of corre-
lation, concordance, and reproducibility of the results from
the OCA Plus panel in the five centers compared with the
previously used standard orthogonal methods. The correla-
tion between biomarkers was assessed by calculating the
R-squared (R?) or Pearson correlation coefficients. Data
analysis and visualization were performed using R (version
4.2.2), Microsoft Office Excel (version 2309; Microsoft Cor-
poration, Redmond WA, USA), and GraphPad Prism (ver-
sion 10.1.0; GraphPad Software, Boston, MA, USA).

A\ Adis



252

E. Jantus-Lewintre et al.

3 Results
3.1 Sample Characterization

The FFPE research samples used for the analytical evalua-
tion of the OCA Plus panel included a range of tumor types
(Fig. Sla and Table S1a of the ESM). A total of 125 samples
were used for DNA sequencing. The most common tumor
types included lung (n = 34), colorectal (n = 18), ovarian
(n = 16), skin (n = 11), and endometrial (n = 11) cancers,
as well as central nervous system tumors (n = 7), cancer
of unknown primary (n = 6), and breast cancer (n = 5).
Sixty-eight samples were submitted for RNA sequencing,
including lung cancer (n = 47), thyroid cancer (n = 6), skin
cancer (n = 3), central nervous system tumor (n = 2), breast
cancer (n = 2), hematologic neoplasms (n = 2), and other
solid tumors (n = 6).

The tumor cell content in the tissue samples was success-
fully calculated using the OCA Plus software in 94.4% of
samples and ranged from 10 to 100% (Fig. S1b of the ESM).
All samples tested harbored at least one of the genomic vari-
ants under investigation in this study.

3.2 Evaluation Using Commercial Control Samples

The performance of the OCA Plus panel was pre-evaluated
in three centers using two commercially available control
samples. This showed an average concordance of 98.1% with
the expected values (Table S2 of the ESM). The parameters
observed in these three laboratories were in line with the
expected values, including allele fractions, number of vari-
ants detected, and copy numbers (Fig. S2a—e of the ESM).
The MET amplification expected in the control sample
HD789 was below the LOD of this assay (Fig. S2e of the
ESM).

3.3 Sequencing Success Criteria and OCA Plus Panel
Performance Indicators

The success of the DNA and RNA sequencing runs was
assessed using a set of assay performance indicators and QC
criteria (Fig. S3a—g of the ESM). Of the 145 DNA samples
sequenced at the five centers (125 unique samples selected
plus one sample from each laboratory shared with the other
four), 140 met the predetermined criteria, corresponding to
an overall success rate of 96.6%. A total of 61 RNA samples
met the specified QC criteria, corresponding to a success
rate of 89.7%. The overall success rate for sequencing both
DNA and RNA with the OCA Plus panel was 93.9%.
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3.4 Detection of Simple Biomarkers: SNVs, Indels,
CNVs, and Fusions

3.4.1 SNV/Indels

Overall, there was a good correlation between the results
obtained with the OCA Plus panel and the orthogonal
methods for the SNVs/indels allele fractions (R? = 0.928)
(Fig. 1a). Detailed information on allele fraction and the
number of variants per gene in the DNA samples is pro-
vided in Fig. S4 of the ESM. There was a high concord-
ance (94.8%) with the expected SNVs and indels (Fig. 1b).
Of the 275 SNVs/indels detected, six concordant variants
were identified despite being below the LOD (< 5% allele
fraction).

3.4.2 CNVs

There was a good correlation between the results of the OCA
Plus panel and orthogonal methods for CNV copy number
(R*> = 0.784) (Fig. 1c). The overall concordance for CNVs
across the set of 37 samples was also high (96.5%) (Fig. 1d).
The OCA Plus panel is capable of detecting both gene
amplifications and deletions. Most of the CNVs detected
were amplifications (defined as a gain of >6 copy num-
ber), which were 100% concordant with expected values.
Forty-four gene amplifications were observed in 22 genes,
including EGFR, CDK4, CCND1, and MDM?2 (Fig. le of
the ESM). Concordance was lower for CNV losses (defined
as a <0.5-fold difference, 84.9%), and these were observed
in five genes, including CDKN2A and CDKN2B (Fig. 1f).

3.4.3 Gene Fusions and Splice-Site Variants

A total of 49 out of 52 expected targeted fusions with driver
genes (such as ALK, RET, FGFR3, NTRK3, Fig. S5a, b of
the ESM) and MET exon 14 skipping variants were verified
with the OCA Plus panel, with 94.2% concordance (Fig. 2a).
In addition, novel fusions were detected in three out of five
cases by an exon tiling imbalance (Fig. 2a and Fig. S5c, d
of the ESM). Two expected novel fusions were not detected
with an exon tiling imbalance because of low expression
levels and insufficient reads per driver gene. A total of 22
distinct gene fusions were detected, including fusions with
the known oncogenes ALK, RET, ROS1, NTRKI and 3, and
FGFR3; detailed information is provided in Fig. 2b. The
fusions EMLA4::ALK, KIF5B::RET, and MET exon 14 skip-
ping variants were detected in a high proportion (Fig. 2b).
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Fig. 1 Detection of single nucleotide variants/insertions or deletions
(SNVs/indels) and copy number variants (CNVs) by the OCA Plus
panel. (a) Correlation of the SNVs/indels allele fraction (AF). (B)
Correlation of CNVs. (¢) Concordance (shown as % with 95% con-
fidence interval [CI]) determined for SNVs and indels. Numbers in
the table represent the number of samples tested. *Concordance was
calculated irrespective of the 5% AF limit. (d) Concordance (shown
as % with 95% CI) determined for CNVs. Numbers in the table repre-

sent the number of samples tested. **One expected RB/ copy number
(CN) deletion was detected above the threshold and thereby counted
as a false negative. (e) Detection of gene amplifications (defined as a
gain of >6 CN), which showed 100% concordance with expected val-
ues. (f) Detection of gene deletions (defined as a <0.5-fold difference
[FD]). Each gene is represented by a uniquely colored bar, with each
bar indicating a specific CN or FD value
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Concordance (%, ClI)  50.0 (18.8-81.2)
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Fig.2 Detection of gene fusions in RNA research samples with the
OCA Plus panel. (a) Concordance (shown as % with 95% confidence
interval [CI]) determined for variants expected in RNA samples (gene
fusions and MET exon 14 skipping). Numbers in the table represent

3.5 Detection of Complex Biomarkers: MSI, TMB,
and HRD Status

3.5.1 MsI

The MSI success rate was 95.7%, with 134 of 140 sequenced

samples meeting the QC criteria to obtain an MSI score.

The concordance of MSI status was calculated in the 26
samples previously characterized by orthogonal methods
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T T T T T T 1
5.0 5.5 600 2 4 6 8 10

Number of variants

the number of samples tested. Fusion limit of detection (LOD) taken
as >1000 read counts per million. (b) Gene fusions shown as read
counts per million (log;, RPM), and number of fusions and MET
exon 14 skipping (MET ex 14 sk) variants

(Fig. 3). The samples comprised eight tumor types, includ-
ing colorectal (all MSI-high) and endometrial (all MSI-low,
as determined by the OCA Plus panel). Five of the 26 sam-
ples were identified as MSI-high by orthogonal testing but
MSI-low by the OCA Plus panel (Table S3 of the ESM).
These discordant samples were either endometrial cancer or
cholangiocarcinoma. The overall concordance with orthogo-
nal testing for MSI status was 80.8%.
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3.5.2 TMB

The TMB score was successfully calculated in 100% of the
140 samples sequenced. The correlation between the TMB
scores calculated with the OCA Plus panel and the orthogo-
nal methods was high (R? = 0.794, Fig. 4a). Concordance
with the orthogonal tests was 81.3% (Table S4 of the ESM),
with disagreement on TMB status in only six of the 32 sam-
ples. These discordant samples are shown in Fig. 4b, along
with the details of the orthogonal testing method used to
characterize each sample, tumor type, and TMB status. As
deamination effects can contribute to altered TMB scores,
the OCA Plus panel calculates a deamination score to aid
interpretation in borderline or discordant cases (Fig. 4b).
Mutations in the exonuclease domains of DNA polymerase
e (POLE) and/or DNA polymerase 6 (POLDI) were detected
in four samples, all of which were TMB-high.

[ Gastric cancer
Hematologic neoplasm
Melanoma

Neuroendocrine tumor
Cholangiocarcinoma

as MSI-high by orthogonal methods but not identified as MSI-high
by the OCA Plus panel. lab laboratory, MLHI met MLHI promoter
methylation detection method, NGS amp NGS amplicon-based
method, WES whole exome sequencing (RNAseq)

3.5.3 HRD

Homologous recombination deficiency status in ovar-
ian cancer samples was determined by incorporating
BRCA1/2 mutation status and GIM. The GIM threshold
established for ovarian cancer (> 16 = GI-high, <16 =
GI-low) was empirically applied to obtain an HRD sta-
tus for breast cancer samples, as there is no established
HRD threshold for breast cancer. The GIM was calculated
in 94.2% of sequenced samples that met the QC criteria
(132 of 140 samples). Eighteen samples (n = 13 ovarian
cancer, n = 5 breast cancer) were pre-characterized by
orthogonal methods (Fig. 5). The combined approach to
determine HRD status, where the presence of a BRCA1/2
variant and/or high GI status indicates HRD positive, was
100% concordant with results obtained by orthogonal
methods (Table S5 of the ESM).
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Fig.4 Assessment of tumor mutational burden (TMB) status using
the OCA Plus panel. (a) Correlation analysis between expected TMB
values and those observed using the OCA Plus panel. (b) TMB status
was pre-determined in different types of cancer samples using various
orthogonal methods (top horizontal bars). The dotted line indicates
the TMB score threshold (> 10 mutations/Mb = high, < 10 mutations/
Mb = low). The shaded area indicates samples with discordant TMB
scores calculated using the OCA Plus panel and the correspond-
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ing orthogonal method (represented at the top). The diamond sym-
bol indicates the deamination score, a factor to be considered when
assessing the TMB score. The mutation status of the genes POLE and
POLDI (encoding the catalytic subunit of DNA polymerase epsilon
and delta, respectively) is presented. lab laboratory, NGS amp NGS
amplicon-based method, NGS hyb NGS hybrid capture method, WES
whole exome sequencing (RNAseq), WGS whole genome sequencing
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Fig.5 Evaluation of homologous recombination deficiency (HRD) in
ovarian and breast cancer samples using the OCA Plus panel. HRD
status was pre-determined using different orthogonal methods (top
bars). Genomic instability (GI) in the OCA Plus panel was deter-
mined using the genomic instability metric. BRCA1/2 mutation sta-
tus as determined by OCA Plus is represented to provide additional
information on HRD status. The dotted line indicates the genomic

3.6 Evaluation of the OCA Plus Panel
Reproducibility

Data from phase 2 of the evaluation study (Table 1) showed
a high level of reproducibility with the OCA Plus panel, with
88.2% (1940) to 95.4% (1844) of SNVs/indels (allele frac-
tion > 5%) detected in all replicate DNA samples assayed
at the five centers. The percentage of unique SNVs/indels
(allele fraction > 5%) detected by one, two, three, or four
laboratories was very low, with a range from 0.7% (13-15)
to 6.6% (144), depending on the sample analyzed. Each of
the five laboratories evaluated an average of 1890 SNVs/
indels per sample. The median reproducibility of SN'V/indel

B LOH-high BRCA variant-positive
@ LST-high Gl-high
@ Gl-high @ HRD-positive

instability metric score threshold (>16 = GI-high, <16 = GI-low).
lab laboratory, LOH loss of heterozygosity, [p-WGS low-pass whole
genome sequencing, LST large-scale state transitions, MLPA multi-
plex ligation-dependent probe amplification method, NGS amp NGS
amplicon-based method, NGS hyb 1 NGS hybrid capture method
1, NGS hyb 2 NGS hybrid capture method 2, WES whole exome
sequencing (RNAseq)

detection with the OCA Plus panel reached 94.0% overall, as
shown by the median correlation of allele fraction for sam-
ples shared between laboratories (calculated using Pearson
correlation, Fig. S6a of the ESM).

Testing conducted with the OCA Plus panel on replicate
samples in all five study laboratories also showed consist-
ency for complex biomarkers. The same MSI status was
determined for all five samples in all centers, with only
minor variations in absolute MSI scores (Fig. S6b of the
ESM). Regarding TMB status, the results in all five centers
were in agreement for four of the five samples, while the
absolute TMB scores for the replicates of the fifth sample
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Table 1 Number of SNVs/indels detected per lab in replicate DNA samples during phase II of the study used to evaluate the reproducibility of

the OCA Plus panel
Sample All SNVS/indels n (%) Unique SNVs/indels n (%)
5 labs 4 labs 3 labs 2 labs 1 lab

Labl_D_12 1828 (93.3) 26 (1.3) 17 (0.9) 17 (0.9) 71 (3.6)
Lab2_D_4 1940 (88.2) 68 (3.1) 20 (0.9) 27 (1.2) 144 (6.6)
Lab3_D_7 1950 (93.8) 24 (1.2) 16 (0.8) 15 (0.7) 73 (3.5)
Lab4_D_16 1889 (92.6) 38 (1.9) 18 (0.9) 23 (1.1) 71 (3.5)
Lab5_D_21 1844 (95.4) 33(1.7) 13 (0.7) 13 (0.7) 31(1.6)

lab laboratory, SNVs single nucleotide variants

(Lab3_D_7) were higher (laboratories 3 and 4) or lower than
the TMB threshold (Fig. S6c of the ESM).

The reproducibility of GIM was tested on all replicate
samples regardless of tumor type. The tests performed in the
five laboratories showed consistent GIM results with minor
variations possibly related to the performance of the samples
between replicates (e.g., MAPD variability, Fig. S6d of the
ESM).

4 Discussion

This pan-cancer study represents a large, multicenter, ana-
lytical performance evaluation of the OCA Plus panel. The
methodology provides a robust molecular testing assessment
and demonstrates high concordance between the OCA Plus
panel and orthogonal reference methods, as well as high
reproducibility, a high rate of successful sequencing runs,
and efficacy using FFPE research samples from a wide range
of tumor types. The OCA Plus panel detected many genetic
alterations classified as high-tier molecular targets [3].

The OCA Plus panel showed a high correlation with
orthogonal methods in the detection of biomarkers such as
SNVs, indels, CNVs, splice variants, and fusions. The high
number of SNVs/indels detected in the samples resulted in
an excellent correlation of allele fractions (R*> = 0.928). For
CNVs, the correlation of copy numbers was strongest at low
copy numbers (< 20), yet the presence of three CNVs at
higher copy numbers diluted the overall correlation with
orthogonal methods (R*=0.784).

In addition, the OCA Plus panel detected 49 of the
expected variants in the RNA samples at the five centers,
including known gene fusions and MET exon 14 skip-
ping. These variants included oncogenic gene fusions of
the NTRK gene that are present in various tumor types and
have emerged as targets for cancer-agnostic therapies in
NTRK fusion-positive solid tumors [12—14]. Other fusions
detected include RET, FGFRI-3, and ALK. The OCA Plus
panel may help address the practical challenges of detecting
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gene fusions in decentralized laboratories [15, 16], while
also providing insights into the genetic basis of cancer that
could serve as a focus for future research.

Comprehensive genomic testing that detects complex
biomarkers such as MSI, TMB, and HRD provides further
information for clinical outcomes, but is hampered by tech-
nological complexity [17]. Both MSI and TMB are predic-
tive biomarkers of response to immunotherapy [4, 5], and
therefore the clinical utility of these complex biomarkers is
increasing. The growing need to assess MSI and TMB in
the clinical setting prompted the ESMO to develop consen-
sus recommendations on appropriate testing methods. The
expert panel concluded that the ability to assess both MSI
and TMB in single-gene panels makes NGS an important
tool for the selection of patients for immunotherapy [4].

Microsatellite instability is a marker for tumors caused
by defective DNA mismatch repair. Analysis of MSI status
is particularly important in several tumor types, including
intestinal (colorectal and small bowel), endometrial, gas-
tric, esophageal, ovarian, and glioblastoma, and can be tar-
geted with approved immunotherapy [18, 19]. Microsatellite
instability status was reliably determined with the OCA Plus
panel in most of these tumor types, with high concordance
with orthogonal assays, including 100% concordance in
colorectal tumor samples. Discordances between the MSI
status determined by the OCA Plus panel and orthogonal
methods include three endometrial tumors and two cholangi-
ocarcinomas with MSI scores near the predetermined OCA
Plus threshold. While the threshold for defining categories
for MSI status in colorectal cancer is well established, this
has not been verified for endometrial cancer. Determining
the optimal threshold for defining MSI categories from NGS
data of endometrial tumor samples is not straightforward and
is a matter of ongoing debate in the scientific community
[20, 21].

Tumor mutational burden reflects the number of exonic
non-synonymous somatic mutations in the genome of a
tumor. A high TMB score indicates a high likelihood of neo-
antigen formation and thus serves as a predictive biomarker
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for the response to immunotherapy [22]. The OCA Plus
panel was able to measure the TMB score in all sequenced
samples covering multiple tumor types, with 81.3% con-
cordance with orthogonal methods. As in the case of MSI,
the six discordant samples exhibit TMB scores close to the
threshold that defines the TMB-low and TMB-high catego-
ries, thus slight variations may change the classification of
TMB status. The discordant samples were pre-characterized
by whole genome sequencing or targeted hybrid capture-
based NGS. Some degree of variability in estimating TMB
between assays of different sizes is to be expected, par-
ticularly for samples with lower TMB [23]. Other factors
contributing to this variability include tumor heterogeneity,
sample handling, panel content, sequencing platforms, and
bioinformatics pipelines [17, 23]. Moreover, deamination
can occur in old or inadequately fixed FFPE samples [24],
which can lead to false-positive TMB estimates. Four of
the 32 samples analyzed for TMB concordance had con-
spicuously high TMB scores. All of them had POLE and/or
POLD] gene mutations, which is consistent with the known
association between high TMB and POLE/POLDI muta-
tions [25, 26]. Other factors that have been associated with
increased TMB are environmental factors, such as ultraviolet
light in melanoma and smoking in lung cancer [27, 28].

In terms of complex biomarkers, some mutations are
known to cause changes in proteins that cannot be directly
targeted, but they affect cellular pathways that can be
addressed. For example, mutations in the DNA homologous
recombination repair pathway can be treated with drugs that
inhibit the recognition of DNA damage by the PARP protein,
regardless of which protein is affected. The OCA Plus panel
covers 46 key genes in the homologous recombination repair
pathway and measures genomic instability using the GIM.
Defects in the homologous recombination repair pathway,
such as loss-of-function or deleterious mutations in the asso-
ciated genes, lead to higher levels of genomic instability and
HRD. While the GIM threshold for ovarian cancer is well
established, the threshold for breast cancer is not, and there
is no consensus on the definition of the HRD status [6]. In
this study, the OCA Plus panel showed 100% concordance
with orthogonal HRD status in ovarian and breast tumors,
regardless of whether the different tumor types were ana-
lyzed together under the same GIM threshold.

The OCA Plus panel is combined with the ability to
detect a wide range of mutations and complex biomark-
ers in a single workflow. The capacity to routinely analyze
processed FFPE tumor samples without the need for spe-
cialized sample preparation and large amounts of tissue is
clearly advantageous. The present evaluation was performed
with FFPE research samples already stored in the biobank
of each academic or clinical research center, each with dif-
ferent amounts and sources of starting material as well as
different proportions of neoplastic cells. The results showed

a high success rate in sequencing key biomarkers, even in
samples with low tumor cell content. It has already been
shown that the OCA Plus panel can detect more genetic
changes compared with a high-throughput NGS platform,
requires a lower DNA content in the samples, and library
preparation is easier and takes less time [11]. The built-in
automation of the OCA Plus workflow simplifies the variant
analysis, providing a significant benefit. The complexities of
a variant analysis and interpretation are key considerations
for implementing CGP in the laboratory and standardizing
genomic insights [29].

In addition to the present study, the performance of the
OCA Plus panel for CGP has been evaluated in research
studies in various advanced solid tumor types, including the
detection of mutations in genes of the homologous recombi-
nation pathway, the estimation of LOH and TMB [30-32].
This suggests that the OCA Plus panel could streamline such
analysis in processed FFPE tumor samples in the future,
eliminating the need for special sample preparation. It could
also facilitate the analysis of large cohorts of samples with
CGP sequencing and assist pathologists in evaluating tissue
samples through decentralized testing [9]. In summary, the
OCA Plus panel has demonstrated high analytical perfor-
mance in the detection of simple and complex biomarkers,
highlighting it as a platform for CGP in a wide range of
tumor types.

5 Conclusions

This evaluation study demonstrates that the OCA Plus panel
consistently detects relevant genetic alterations in research
FFPE samples. With the capacity to detect alterations in
more than 500 genes in a single streamlined process, the
OCA Plus panel is a valuable tool for CGP in oncology
research.
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