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Whole exome sequencing (WES) is a next-generation sequencing (NGS) application

that generates genomic information for all protein-coding genes across the human

genome. Although targeted sequencing of a preselected gene set is an important

aspect of the current testing strategy, WES provides an unbiased view of the exome.

This comprehensive genomic analysis is considered the
consensus gold standard approach for the detection of
somatic variants required for emerging applications such
as tumor mutation burden and neo-antigen discovery?-°
For many years, clinical and research studies have focused
on the use of targeted panels due to several limiting
factors commonly associated with exome sequencing,
such as increased cost, increased sample requirements,
and decreased analytical performance®’ In many
circumstances where targeted panels are used, there must

1

be a compromise made to sacrifice potentially valuable
genetic information to compensate for one or more of the
aforementioned reasons® With recent advances in NGS
technology, many obstacles traditionally associated with WES
have been resolved, making it an attractive alternative to a
targeted panel? Whole exome next-generation sequencing
empowers clinicians and researchers to evaluate every

gene in the human genome with the same level of analytical

performance available from most targeted NGS panels.
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Whole exome sequencing workflow

Tissue sections are cut and mounted on slides. One section
is stained and used for pathology review while the remaining
slides are processed for NGS. Tumor regions of interest
identified by a board-certified pathologist are selectively
removed from the slide to enrich the tumor cell population
and minimize the presence of DNA from adjacent non-tumor
cells. Nucleic acids are isolated from the tumor tissue and
from nucleated cells collected from patient-matched whole
blood samples. The purified DNA samples are prepared for
next-generation sequencing through a series of reactions that
have been highly optimized for DNA from FFPE samples.
The DNA from the non-tumor cells and tumor cells are
sequenced using a highly optimized hybrid capture probe-
based methodology to generate a minimum mean target
coverage of 100X and 250X, respectively. Bioinformatics
tools are used to subtract germline variants identified in the
patient-matched blood DNA from the tumor sequence data

to identify somatic alterations.

Optimization

A number of challenges are commonly encountered when
using next-generation sequencing technology to generate
exome coverage from DNA isolated from fixed tissue
samples. Many of these challenges are inherent to the
process by which tissues are collected and preserved for
testing. Two major challenges for any assay to overcome

are the negative impacts on the quality of sample DNA
created during chemical fixation and the limited amount of
suitable tissue available for testing. These two factors alone
are the primary source of up to a 40% testing cancellation
or failure rate experienced by some laboratories. This WES
testing methodology was specifically optimized to tolerate
and overcome a broad range of sample quality and size
variability and deliver performance comparable to many
panel based applications. Each step of the WES workflow
was specifically optimized for challenging FFPE tissue
samples to increase the chances of success for all samples.
With the implementation of a holistically optimized workflow
the NeoGenomics WES methodology has an overall success

rate for all samples received of > 97%.
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Validation

The NeoGenomics WES methodology has been extensively
validated for the detection of single nucleotide variants and
insertions/deletions across 39 Mb of the protein-coding
region of the human genome. A comprehensive set of
representative clinical samples — matched fresh and fixed
tissue, pre-characterized cell lines, and controls from the
National Institute of Standards and Technology, Platinum
Genomes, and Genomes in a Bottle — were used to
optimize and validate the assay performance. All samples
included in the validation had exome wide variant calls
provided by a CLIA certified orthogonal testing methodology
via an outside laboratory or available in published literature.
Additionally, clinically relevant alterations were confirmed
with a CLIA certified targeted NGS panel and/or Sanger
sequencing. Analytical performance parameters were

validated at the optimal and lowest input range of the assay.

Analytical performance

To assess the system accuracy, variant calls were compared
with orthogonal testing results across the exome and

within clinically relevant targeted regions. All performance
parameters were tested at the optimal and lowest input range
of the assay.



Accuracy at lower detection limit

Accuracy results for FFPE tissue samples with matched fractions from FFPE samples were included in the study.
normal controls. All samples were tested with a CLIA Variants across the exome as well as within genes that were
certified NGS targeted panel to determine allele fractions for clinically actionable were evaluated to establish the lower
each variant class. Only variants detected at 5 and 10% allele limit of detection.

Variant Class Input (ng) Allele Fraction Sensitivity Specificity Accuracy
5% >97% >99% >99%
10% >98% >99% >99%
50ng
5% >93% >99% >99%
10% >99% >99% >99%
5% >97% >99% >99%
10% >99% >99% >99%
200ng
5% >96% >99% >99%
10% >99% >99% >99%
Limit of detection Variant ‘ Sample ‘
The minor allele fraction (MAF) limit of detection was Class Type Input

established from both fresh and FFPE cell line dilutions.

Fresh 50n 4.0%
Fresh and fixed cell lines harboring known variants were 9
diluted at diminishing ratios into cell lines without the variant Fresh 200ng 21%
of interest. Contrived allele fractions were confirmed with a
targeted NGS panel. Only variants within the targeted panel FFPE 50ng 4.6%
region were included in this study.
FFPE 200ng 4.6%
Fresh 50ng 3.3%
Fresh 200ng 2.8%
FFPE 50ng 6.1%
FFPE 200ng 4.8%

Whole Exome Validation Summary — 3



White Paper

Precision

Precision studies were performed with variants at the 5-10% to be higher, may be considered in lieu of intra-assay data.
allele fraction range from fresh and fixed cell line dilutions at Three or more replicates of each sample were processed
the optimal and lower input amounts. The 50ng FFPE intra- within a single run as well as over three separate runs to
assay studies were not performed (NP) due to limited sample establish the intra- and inter-assay precision.

availability. The inter-assay variability, which typically tends

Variant Class Sample Parameter Input Concordance

Inter-assay 50ng 0.99
Intra-assay 50ng 1.00
Inter-assay 200ng 1.00
Infra-assay 200ng 1.00

Fresh
Inter-assay 50ng 0.97
Intra-assay 50ng 0.97
Inter-assay 200ng 0.96
Intra-assay 200ng 0.96
Inter-assay 50ng 0.99
Infra-assay 50ng NP
Inter-assay 200ng 1.00
Infra-assay 200ng 1.00

FFPE
Inter-assay 50ng 0.94
Infra-assay 50ng NP
Inter-assay 200ng 0.93
Infra-assay 200ng 0.95
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Conclusions

As the search for clinically relevant biomarkers expands
beyond a preselected set of targeted genes, whole exome
sequencing provides an alternative solution over target panel
NGS. The methodology presented in this study demonstrates
analytical performance comparable to several of panel
based approaches currently available but without the data
limitations associated with sequencing a preselected panel
of genes. For every sample ever tested with a targeted

panel all sequence information outside of the panel design

has been lost, only recoverable by re-sequencing. Whole

39Mb

exome sequencing enables the ability to interrogate any
sequence of interest from the protein-coding region of the
genome without bias for an indefinite period of time. The
genetic information outside of a defined gene set from
each unique sample may contribute novel alterations to the
ever-expanding search for actionable biomarkers. Whole
exome sequencing provides an unbiased and indiscriminate
genetic profile of the tumor, enabling the detection of pre-
characterized actionable biomarkers and novel alterations
which may have clinical and research significance.

50 ng minimum
200 ng maximum

FFPE tumor and matched
whole blood

<3%
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About NeoGenomics Pharma Services

NeoGenomics' Pharma Services unifies several innovative companies’ scientific and medical leadership under one leading

brand, offering one of the most comprehensive laboratory services menu available for biomarker testing supporting oncology

clinical trials globally. We provide our clients with an unparalleled level of expertise, service, flexibility, and scalability.

Additionally, we offer alternative business models and solutions across the continuum of development from pre-clinical research

and development through commercialization.

To learn more about NeoGenomics Pharma Services visit us online at neogenomics.com/pharma-services,

call us at 800.720.4363 or email us at pharmaservices@neogenomics.com.

References

1.

12701 Commonwealth Dr., Suite 9
Fort Myers, FL 33913

United States

Phone: 866.776.5907

Fax: 239.690.4237

31 Columbia
Aliso Viejo, CA 92656

United States
Phone: 800.720.4363
Fax: 949.425.5865

Damodaran S, Berger M, Roychowdhury S: Clinical Tumor Sequencing:
Opportunities and Challenges for Precision Cancer Medicine. Am Soc
Clin Oncol Educ Book. 2015; e175—e182.

Vilimas T: Measuring Tumor Mutational Burden Using Whole-Exome
Sequencing. Methods Mol Bio 2020; 2055:63-91

. Wu HX, Wang ZX, Zhao Q, et al: Designing gene panels for tumor

mutational burden estimation: the need to shift from ‘correlation’ to
‘accuracy’. Journal for ImmunoTherapy of Cancer. 2019; 7, Article
number: 206

Fancello L, Gandini S, Pelicci PG, et al: Tumor mutational burden
quantification from targeted gene panels: major advancements and
challenges. Journal for InmunoTherapy for Cancer. 2019; 7, Article
number: 183

Kvistborg P, Clynes R, Song W, et al: Immune monitoring technology
primer: whole exome sequencing for neoantigen discovery and
precision oncology Journal for InmunoTherapy for Cancer. 2016; 4,
Article number: 22

7256 S. Sam Houston Pkwy W. Suite 300
Houston, TX 77085

United States

Phone: 800.720.4363/713.528.4363
Fax: 713.668.3565

NeoGenomics Laboratories, Inc.
4570 Executive Drive, Suite 250
San Diego, CA 92121

Phone: 949.445.7300 5056
Fax: 713.668.3565

. McCabe MJ, Gauthier MEA, Chan CL, et al: Development and

validation of a targeted gene sequencing panel for application to
disparate cancers. Scientific Reports 2019; 9 Article number: 17052

Sun Y, Ruivenkamp, Hoffer MJ, et al: Next-generation diagnostics: gene
panel, exome, or whole genome? Hum Mutat. 2015; Jun;36(6):648-5.

. Dilliott AA, Farhan SMK, Ghani M, et al: Targeted Nexi-generation

Sequencing and Bioinformatics Pipeline to Evaluate Genetic
Determinants of Constitutional Disease. | Vis Exp 2018; (134): 57266.

Rennert H., Eng K., Zhang T., et al. Development and validation of
a whole-exome sequencing test for simultaneous detection of point
mutations, indels and copy-number alterations for precision cancer
care. npj Genomic Medicine volume 1, Article number: 16019 (2016)

A-One Business Center
Batiment A5, 2nd Floor

Z.A. La Piéce /Route de I'Etraz 1
1180 Rolle, Switzerland

Phone: +41 (0)21 721 06 00
Fax: +41 (0)21 826 00 73

NeoGenomics Singapore Pte Ltd
61 Science Park Road, #02-11,
Singapore 117525

Phone: +65 6591 5200

Suzhou NeoGenomics Pharmaceutical
Research Co., Ltd Building 6, Block 19,
Yong'An Road Huguan Industrial Park,
Suzhou New District, China

N EO neogenomics.com

GENOMICS

are the property of their respective owners. 060821

© 2021 NeoGenomics Laboratories, Inc. All Rights Reserved. All other trademarks





