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Abstract

Background—Molecular technologies have allowed laboratories to detect and establish the
profiles of human cancers by identifying a variety of somatic variants. In order to improve
personalized patient care, we have established a next-generation sequencing (NGS) test to screen
for somatic variants in primary or advanced cancers. In this study, we describe the laboratory
quality management program for NGS testing, and also provide an overview of the somatic
variants identified in over 1000 patient samples as well as their implications in clinical practice.

Methods—Over the past one-and-a-half years, our laboratory received a total of 1028 formalin-
fixed, paraffin-embedded (FFPE) tumor tissues, which consisted of non-small-cell lung
carcinomas (NSCLCs), colon adenocarcinomas, glioma/glioblastomas, melanomas, breast
carcinomas, and other tumor types. During this time period, we implemented a series of quality
control (QC) checks that included (1) pre-DNA extraction, (2) DNA quantification, (3) DNA
quality, (4) library quantification, (5) post-emulsification PCR, and (6) post-sequencing metrics.
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At least 10 ng of genomic DNA (gDNA) were used to prepare barcoded libraries using the
AmpliSeq CHPv2. Samples were multiplexed and sequenced on lon Torrent 318 chips using the
lon PGM System. Variants were identified using the Variant Caller Plugin, and annotation and
functional predictions were performed using the Golden Helix SVS.

Results—A total of 1005 samples passed QC1-3, and following additional library preparation
QC checkpoints, 877 samples were sequenced. Samples were classified into two categories: wild-
type (127) and positive for somatic variants (750). Somatic variants were classified into clinically
actionable (60%) and non-actionable (40%).

Conclusions—The use of NGS in routine clinical laboratory practice allowed for the detection
of tumor profiles that are essential for the selection of targeted therapies and identification of
applicable clinical trials, contributing to the improvement of personalized patient care in oncology.
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Introduction

Somatic variant analysis of human cancers has become a critical step in the selection of
appropriate therapies for patient management. Using a variety of molecular tools, clinical
laboratories are able to profile human cancers for numerous clinically actionable variants.
Initially, most of these analyses were performed by fluorescence in situ hybridization
(FISH), polymerase chain reaction (PCR), real-time PCR, Sanger sequencing, and
microarrays. For many years, Sanger sequencing and allele-specific real-time PCR
represented the traditional methods used to detect somatic variants in genes with known
clinical significance, such as KRAS, BRAF, and EGFR. Both technologies are limited by
the types and number of variants they are able to detect. While allele-specific real-time PCR
is more sensitive than Sanger sequencing, both are still more time-consuming and less cost
effective when compared to massively parallel or next-generation sequencing (NGS) [1, 2].

NGS has allowed for the analysis of numerous variants and genes in multiple patient
samples simultaneously. Its ability to assess multiple genetic targets concurrently (including
point mutations, small INDELS, copy number alterations, and rearrangements or gene
fusions) generates a mutation profile of the individual tumor that helps in selecting the most
efficacious management strategy. Accurate assessment of human cancer, which correlates
with best patient outcomes, needs to be performed in such a way as to provide the most
clinically actionable information to the provider. Our understanding of the complexity of
human cancer, including driver, passenger, sensitizing, and resistance mutations, has become
the target of many novel therapies that now require profiling as a companion diagnostic.

In the past few years, the number of laboratories offering NGS testing has grown
considerably because of the lower cost, high throughput, and significant impact on patient
care. Since 2013, a number of guidelines have been put in place to ensure the quality of
laboratory-developed NGS assays [3, 4]. However, there still exists significant room for
interpretation of these requirements in individual laboratories. Our laboratory has been
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performing NGS as part of our clinical molecular diagnostics service for approximately 2
years. In this study, we describe our laboratory’s implementation of a quality management
program for NGS testing, and also provide an overview of the somatic variants identified in
over 1000 patient samples as well as their implications in clinical practice.

Materials and methods

Samples

One thousand and twenty-eight formalin-fixed, paraffin-embedded (FFPE) tumor tissues
were received at the Dartmouth Hitchcock Medical Center (DHMC) for somatic mutation
screening between 2013 and 2015 as part of our clinical molecular diagnostic service. FFPE
samples consisted of 408 non-small-cell lung carcinomas (NSCLCs), 304 colon
adenocarcinomas, 120 gliomas/glioblastomas, 95 melanomas, 27 breast carcinomas, and 74
samples consisting of other tumor types.

The FFPE sample types received at DHMC included resections (421), biopsies (397),
cytology (195) (FNA, pleural fluid, and bronchial alveolar lavage), and others (15 consult
samples). The resection samples were composed mainly of colon adenocarcinoma samples
(38%) and glioma/glioblastomas (26%). Among the biopsy samples, the majority were
NSCLC (41%), followed by colon adenocarcinoma (35%). Approximately 90% of the
cytology samples were NSCLC (Table 1).

Quality management (QM) program

NGS can be divided into two processes: (1) the “wet bench” or analytic process and (2) the
“dry bench” or bioinformatics process. The “wet bench” is composed of the following
processes: DNA extraction, verification of DNA quantity and DNA quality, library
preparation, library quantification, library pooling, and sequencing. The “dry bench” is
composed of a number of processes designed to convert raw sequencing reads to reportable
variants. These processes include read mapping and alignment, variant calling, variant
annotation, variant curation, and final clinical report. These extensive wet- and dry-bench
NGS processes are uniquely complex amongst traditional assays within the clinical
laboratory. Due to these complexities, these assays require an exceptional level of quality
control (QC) to ensure the accuracy and reproducibility of reportable results. Standard QM
programs already in place within many clinical laboratories will generally require additional
policies and procedures to accommodate the implementation of NGS testing.

With these considerations in mind, we have implemented a comprehensive QM program that
monitors these processes on a periodic basis, including biannual CAP proficiency testing for
NGS testing and for multiple genes within the panel (BRAF KRAS, EGFR, KIT, IDH1, and
IDHZ genes), confirmatory testing using a SNaPshot assay for specific tumor types or
specific variants within selected genes, and biannual sample exchange with an outside
laboratory, as well as performance of routine QC.

Throughout the analytical and bioinformatics workflows we have established six QCs:
(QC1) pre-DNA extraction: samples must have tumor content >10% (limit of detection
established during validation) [5] and sufficient tissue on eight unstained slides (5 um each),
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(QC2) DNA concentration must be =1.7 ng/uL, (QC3) DNA quality: samples must have a
Q129/Q41 ratio =0.4 using the KAPA hgDNA Quantification and QC Kit (KAPA
Biosystems), (QC4) library quantification: libraries must have =100 pM, (QC5) post-
emulsification PCR: the percent of templated ISPs (lon Sphere™ particles) must be between
10% and 30%, and (QC6) post-sequencing metrics were established at the run, sample, and
variant levels. For each run, the following sequencing metrics were verified: chip loading
(>70%), usable sequences (>55%), polyclonality (<35%), and low quality reads (<20%). For
each individual sample, the metrics assessed were: on-target reads (>90%), coverage
uniformity (>90%), and 295% amplicons with 500x coverage (in order to avoid amplicon
drop-outs and false negatives). And finally, for each variant, the metrics assessed were:
coverage =500x, allelic frequency of 5%, and strand bias of approximately 0.40-0.59.
Also, multiple alignment metrics were evaluated for overall quality, which included percent
of aligned bases (>85%), percent of aligned reads (>98%), and average (1x) accuracy across
each individual base position in read (>97%).

In addition to the QCs implemented, we have included a FFPE QC cell line (EGFR AE746-
AT750 50% FFPE Reference Standard) (Horizon Diagnostics) that is taken through the entire
clinical NGS workflow. This QC material is used to detect deficiencies that may occur
before, during, or after the analytic process. Two such issues are changes in reagent lot
numbers, and instrument or software upgrades. The QC material must pass all six QCs
established throughout the analytical wet-bench and bioinformatics workflows. In QC4
(library guantification), the QC material must have a quantification value >100 pM. If the
QC material fails QC4, none of the samples are sequenced, and run failure documentation is
generated. After troubleshooting, another library preparation must be started. In QC6 (post-
sequencing run, sample, and variant metrics), the QC material must have the expected
sample and variant metrics. Also, if the variants present in the QC are absent or have
different allelic frequencies than expected (EGFR ¢.2235_2249del15, p.E746_A750del:
50%; PIK3CA ¢.3140A>G, p.H1047R: 50%; BRAF ¢.1799T>A, p.V600E: 66%), the QC
has failed the QC6 variant metrics. If the QC material fails either component of the QC6
checkpoint, none of the samples are analyzed, and run failure documentation is generated.
Following troubleshooting, another library preparation must be started.

DNA extraction

Hematoxylin and eosin (H&E) stained slides from each sample were reviewed by an
attending pathologist who determined the tumor area and the percentage of tumor cells
present in the tissue section. Samples that passed QC1 were macrodissected, and genomic
DNA (gDNA) was obtained using the Gentra Puregene Kit (Qiagen, Valencia, CA, USA).
Samples were quantified using the PicoGreen Quant-iT™ PicoGreen® dsDNA Assay Kit
(Invitrogen, Paisley, UK). DNA quality was assessed using the KAPA hgDNA
Quantification and QC Kit (KAPA Biosystems, Wilmington, MA, USA). Samples must have
DNA concentrations higher than 1.7 ng/uL (QC2) and a Q129/Q41 ratio =0.4 (QC3).
Samples that failed both QC2 and QC3 were identified as quantity not sufficient (QNS) for
testing before proceeding to library preparation.
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Next-generation sequencing, data analysis, and reporting

Results

Approximately 10 ng of gDNA from each sample was used to create libraries using the lon
AmpliSeg™ Cancer Hotspot Panel v2 (CHPv2) (ThermoFisher). The CHPv2 consists of 207
amplicons covering 50 hotspot regions of oncogenes and tumor suppressor genes. Libraries
were barcoded using lon Xpress™ barcode adapters (ThermoFisher) and then combined to a
final concentration of 100 pM using the lon Library Quantitation Kit (ThermoFisher).
Samples with concentrations below 100 pM failed QC4 and, for this reason, were identified
as QNS. Emulsion PCR was performed using the lon Torrent One-Touch™ 2 System.
Library pools are required to obtain a template percentage between 10-30 (QC5) and values
outside of that range, were repeated with adjusted library input. A maximum of 10 samples
per lon 318™ Chip v2 were sequenced using the lon PGM™ System (ThermoFisher).

For data analysis, Torrent Suite software (v4.0.2) was used for read mapping, alignment of
sequences to human genome version 19 (hg19), variant calling, and coverage analysis.
Golden Helix SNP & Variation Suite (SVS) software (v8.2.1) was used for variant
annotation and prediction of functional significance. Reported variants were also manually
assessed using the Broad Institute’s Integrated Genomics Viewer (IGV v2.3). Runs that did
not pass post-sequencing metrics (QC6) underwent a troubleshooting process and were
ultimately repeated; for samples that did not pass QC6, an alternative tissue block was
requested for testing, and variants that did not pass QC6 were not reported as per assay
validation [5]. Finally variants that passed post-sequencing metrics were curated and
reported.

For clinical reporting, variants were characterized as clinically actionable or non-actionable
according to the NCCN Clinical Practice Guidelines in Oncology and My Cancer Genome:
Genetically Informed Cancer Medicine. Curation of the variants was performed using the
following databases: NCCN (www.nccn.org), My Cancer Genome
(www.mycancergenome.org), COSMIC: Catalogue of Somatic Mutations in Cancer
(cancer.sanger.ac.uk/), ClinVar National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov/clinvar/), and doSNP National Center for Biotechnology
Information (www.nchi.nlm.nih.gov/SNP/). For the curation of rare variants, literature
searches using PubMed (www.ncbi.nlm.nih.gov/pubmed) were used to verify the importance
of the variants. All reports were reviewed by a laboratory computational science staff
member before being reviewed and curated by a genomic analyst. Somatic mutation reports
were then signed out by an attending pathologist. All identified variants for each sample
were stored in a laboratory-developed clinical knowledge base along with all references and
curation information.

Figure 1 outlines the routine clinical workflow for our NGS pipeline, including the pre- and
post-analytical QC checkpoints.

Sample concentration and sample quality

Twenty-three samples failed QC1, which were identified as QNS as a result of having either
tumor content below the limit of detection (LOD) (10%), or insufficient tissue on eight
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unstained slides before DNA extraction (Figure 2A). A total of 1005 FFPE samples were
used for DNA extraction. While most of the samples had DNA concentrations between 1.7
and 50 ng/uL (532), 313 samples had DNA concentrations >50 ng/pL, and 103 had DNA
concentrations below 1.7 ng/uL. Approximately 82% of the samples with low DNA
concentrations (<1.7 ng/uL) were the smaller biopsy and cytology samples, and
approximately 75% of the samples with highest DNA concentrations (=50 ng/uL) were
resection samples.

Of the 243 samples evaluated for DNA quality, 204 had a Q129/Q41 ratio score higher than
0.4, and approximately 92.6% (189) also passed QC2. Of the 39 with a Q129/Q41 ratio
below 0.40, 24 passed QC2. However, 11 failed QC4. A total of 12 samples failed QC2,
QC3, and QC4, respectively.

Next-generation sequencing

Library preparation was performed for 1005 samples. However, 126 (12.5%) samples failed
QC4 (Figure 2A). Ninety-two (75%) were either biopsy (65) or cytology (27) samples
(Figure 2B).

Among the 879 sequenced samples, there were 339 NSCLCs, 280 colon adenocarcinomas,
104 glioma/glioblastomas, 79 melanomas, 23 breast carcinomas, as well as 54 other tumor
types. Only two samples did not pass QC6 (Figure 2A), which is a strong indication that the
implementation of a pre-sequencing QC program is extremely effective in preventing the
sequencing of poor-quality samples.

In order to show the performance of the NGS workflow resulting from the implementation
of a pre-sequencing QC program, a random set of 200 samples was analyzed demonstrating
that the QC6 metrics were consistently higher than the minimum established threshold. For
instance, greater than 97% of the 207 panel amplicons were consistently covered at >500x.
In addition, when only considering the 49 amplicons covering the 13 clinically indicated
genes (excluding those indicated for breast cancer), more than 98.5% of the amplicons were
consistently covered at >500x (Figure 3).

A total of 127 (14.5%) samples were wild-type (or negative) for the hotspot mutations
present in the CHPv2 panel, and 750 (85.5%) samples were positive for variants within
hotspot regions of genes in this panel. Almost 40% of the samples had one molecular variant
and 60% had more than two variants. Patients that were positive for variants in clinically
actionable genes (449) also showed either a single variant (24.9%) or more than one variant
(75.1%) involving other genes in the panel.

The mutation distributions identified in these patient samples are shown by individual tumor
type (NSCLC, colon adenocarcinoma, glioma/glioblastoma, and melanoma) (Figure 4). The
frequency of variants in clinically actionable genes with at least one variant in other genes is
shown in Figure 5.

In the NSCLC cases, 58% of the patients showed variants in BRAF, EGFR, KRAS, or
PIK3CA, which were classified as clinically actionable genes (Figure 4). The most
frequently identified variants were point mutations in codons 12, 13, and 61 of the KRAS
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gene, followed by point mutations and INDELS in the EGFR gene; point mutations in the
BRAF (V600E) and P/K3CA genes were also commonly identified. Point mutations and
INDELSs were also observed in other genes including 7P53, STK11, MET, ATM, CDKNZA,
JAKS3, and others (Figure 4). A total of 122 patients had only one variant, of which 57 were
in clinically actionable genes and 65 in other genes. Among the samples that had more than
one variant, 81.5% had at least one variant in a clinically actionable gene (Figure 4A).
Patients with a KRAS mutation also showed variants in 7P53 (43%), STK11 (18%), ATM
(12%), MET (14%), and other genes. Mutations in the 7P53 gene were also observed in
patients with £EGFR (66%), BRAF (50%), and PIK3CA (25%) mutations.

Among patients diagnosed with colon adenocarcinoma, 57% had variants in clinically
actionable genes (BRAF, KRAS, HRAS, and NRAS) (Figure 4). Mutations in codon 12 of
the KRAS gene, followed by the V600E mutation in the BRAF gene were the most
frequently identified variants. 7P53, APC, PIK3CA, FBXW7, MET, SMAD4, PTEN, and
ATM were the most commonly mutated other genes (Figure 4). Out of 58 patients with only
one mutation, 18 showed variants in clinically actionable genes. Figure 5B shows that
samples with KRAS mutations also had variants in APC (47%), TP53(59%), PIK3CA
(24%), and other genes. Patients with BRAF variants presented similar profile (7P53. 44%,
PIK3CA: 20%, APC: 13%, and other gene mutations).

IDH1, IDHZ2, CDKNZA, PIK3CA, and SMO constituted our clinically actionable gene list
for the glioma/glioblastoma category. Thirty-one patients had variants in clinically
actionable genes; however, 12 of them had a single gene variant (Figure 4). /DH2 mutations
(R172K) were detected in two patients. /DHI (R132H) and P/K3CA (H1047, E545K) were
the two most frequently mutated genes. Among other genes, 7P53and PTEN were the most
commonly mutated (Figure 4). 7P53was mutated in 60%, 43%, and 50% of the patients
with /DH1, PIK3CA, and CDKNZA mutations, respectively (Figure 5C).

Forty-three patients diagnosed with melanoma were identified with variants in the following
clinically actionable genes: BRAF, CTNNBI, KIT, and NRAS (Figure 4). Almost 55% of
them had a single variant in either BRAF (V600E, D594N), K/T (L576P), or NRAS (G12C
and codon 61) genes. Mutations in other genes were identified in 23 patients, and the most
frequently mutated genes were 7P53and CDKNZA (Figure 5D). Some patients with BRAF
mutations also showed concurrent variants in PTEN (21%), PIK3CA (7%), MET (21%),
JAK3 (21%), and CDKNZA (14%) genes.

Discussion

In the past decade, molecular tests have been intensively used in peripheral blood, fresh
frozen, and FFPE tissues to identify somatic variants involved in carcinogenesis. These
variants can contribute to better prognosis, prediction, and potential selection of targeted
therapies for patients. Recently, many studies have shown that FFPE samples are a reliable
source for molecular oncology testing [6-8]. In this study, we demonstrated that with a well-
established and validated analytical workflow, such as pre-DNA extraction (verification of
tumor content and amount of tissue on each unstained slide) and post-DNA extraction
(verification of DNA concentration and DNA quality), FFPE tissues from resection, biopsy
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or cytology samples can be routinely used for NGS in a clinical molecular diagnostic
laboratory. In our laboratory, more than 50% of the specimens received represent either
small biopsies or cytology samples, which are considered a standard diagnostic specimen for
some solid tumors (most notably lung specimens). Despite the often poor DNA quality and
limited DNA yield, cytology samples were shown to be usable for NGS to detect somatic
variants with better sensitivity than traditional sequencing methods.

NGS has rapidly evolved as part of the routine clinical laboratory due to its unique ability to
assess multiple patients and multiple genetic targets simultaneously (including point
mutations, small INDELSs, copy number alteration, and rearrangements or gene fusions). It is
a critical technology for generation of accurate mutation profiles of the individual tumor that
can be used to identify the most effective available therapy, as well as determine the
eligibility for evolving clinical trials. However, one of its limitations is in data analysis,
which includes variant annotation and curation [9]. A comprehensive reference database
containing somatic variants, their clinical annotation and relevance, classification (clinically
actionable or non-actionable), and applicable clinical trials would greatly help in
standardized and routine curation and reporting of detected variants. Some of the most
clinically relevant databases available online include ClinVar, My Cancer Genome,
COSMIC, Massachusetts General Hospital Cancer Center, and Clinical Trials.gov. To
address inter-database discrepancies involving variant classification into one of three major
categories (“pathogenic or likely pathogenic”, “uncertain significance”, and “likely benign
or benign”), some databases utilize a notification system that can alert them to the need to
reevaluate their records of gene-disease relevance [9]. The most recent database, ClinGen
(Clinical Genome Resource), is developing interconnected community resources to improve
the understanding of genomic variation and improve its use in clinical care [10].

In our study, 127 patients were negative and 750 patients were positive for somatic varaints
in the 50 genes present in this panel. The identification of wild-type patients for mutations
within the panel is also important to guide treatment decisions. For example, clinicians can
direct them to broader molecular testing capable of detecting copy number alterations, gene
fusions, large INDELS, or to a non-genotyping clinical trial (such as immunotherapy) [11].
Additionally, eligibility for some clinical trials is based on absence of variant within certain
genomic targets.

We categorized the somatic variants in this hotspot panel as either clinically actionable or
other gene variant according to the NCCN Clinical Practice Guidelines in Oncology and My
Cancer Genome. It is important to track the other gene variants in a clinical knowledge base
in the event new information arises which supports their clinical actionability.
Approximately 60% of the patients in this study had an actionable variant, meaning that
these patients had a variant that was targetable by an approved drug according to their tumor
type (on-label). For example, BRAF (V600E) mutations confer sensitivity to BRAF
inhibitors and have been found in 50% of advanced melanoma patients and 10% of
colorectal carcinomas. Additionally, KRAS mutant NSCLC patients are resistant to anti-
EGFR therapy, and mutations in the £GFR gene can confer either sensitivity (exon 19
deletions and L858R) or resistance (T790M and small insertions or deletions in exon 20) to
patients diagnosed with NSCLC [2]. However, recent studies have shown that patients with
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G12V or G12C mutations in the KRAS gene have increased sensitivity to MEK inhibitors
compared with tumors carrying other KRAS mutations [12]. While these variants are
considered actionable, not all drugs are approved for use in different tumor types (off-label
use). For this reason, access to these drugs may be limited by the payor.

The remaining 40% of patients in this study had variants in other genes, meaning that while
there is no approved therapy for mutations in that particular gene, there may either be a
clinical trial available for the detected variant, or the clinical significance of that variant is
still unknown. Among the patients with these other variants, only a few of them presented
similar molecular profiles [13]. The presence or absence of somatic variants associated with
the tumor type often represents the main criteria to determine clinical trial eligibility. In
addition, previous treatment, restriction to use of off-label drugs, accuracy and quality of the
molecular test, and proximity to trial sites may limit patient access to novel targeted
therapies.

The introduction of NGS into routine clinical use has required healthcare providers to
recognize the significance of common molecular biomarkers and their therapeutic
implications. In order to provide interpretive support for non-actionable variants in patients
with advanced malignancies, numerous institutions have implemented Molecular Tumor
Boards [14, 15]. With the collaboration of a multidisciplinary team including oncologists,
clinical laboratory scientists, pathologists, clinical geneticists, basic and translational science
researchers, and bioinformatics and pathway analysis specialists, Molecular Tumor Boards
can begin to decipher genetic profiles and guide treatment decisions that improve patient
care.

With the recent advances in understanding tumor heterogeneity, establishing a molecular
tumor profile has become an essential component of determining patient prognosis and
making informed treatment decisions. Tumor heterogeneity can occur at the genetic,
epigenetic, transcriptomic, and proteomic levels [16-18]. There are many possible types of
genetic heterogeneity that providers need to be aware of in human cancer, including
interpatient tumor heterogeneity, intratumor heterogeneity, intermetastatic heterogeneity and
intrametastatic heterogeneity [19], all of which can be attributed to genomic instabilities.
These may be responsible for small (point mutations, and INDELS) and large (structural and
numerical chromosome changes) scale alterations that occur early or later in tumor
evolution, following branched evolution [16, 20]. According to Swanton [20], early-stage
tumors are composed of multiple clones, while late-stage tumors are composed of both
multiple clones and sub-clones. These sub-clones can coexist either within the same tumor
or intermixed within the same tissue biopsy specimen. For this reason, biologically complex
tumor heterogeneity is associated with disease progression, and clinically, it is also
associated with drug resistance and poor prognosis. Broader gene panels may identify tumor
alterations that can predict either sensitivity or resistance to targeted therapies. In some
cases, studies have indicated that patients may benefit from a combination of drugs that can
simultaneously target multiple tumor subclonal cell populations [18, 21]. As demonstrated in
Figures 4 and 5, routine sequencing of advanced tumors using the CHPv2 has allowed us to
characterize each patient’s complex tumor profile. The detection of sensitizing and
resistance variants contributed both to the selection of the most effective therapeutic agent

Clin Chem Lab Med. Author manuscript; available in PMC 2017 July 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

de Abreu et al.

Page 10

and eligibility for clinical trials when available, ultimately leading to a more personalized
cancer treatment.

Given the complexity of the biology of tumor cells and the growing datasets evolving from
large numbers of NGS studies, the data still raises more questions than answers. While
heterogeneity may play a large role in clinical outcomes, we do not understand the
confounding effects of multiple variants in the same tumor. Some variants may increase drug
sensitivity while others may result in decreased sensitivity and/or resistance. Resistance may
be immediate or latent and emerge as a hew and more aggressive clone as a relapse or
metastatic disease. While response rates for targeted therapies are often better than
traditional cytotoxic chemotherapy with less adverse reactions, they are currently still below
what one would expect [22]. The use of patient-derived xenograft models to assess tumor
response rates to therapeutics is one solution that is being fully explored by many
investigators [23]. There is still a need for better therapeutic modalities of all types and
better monitoring of disease.

In the era of precision medicine, it is crucial for clinical laboratories to offer comprehensive
somatic mutation testing that can be used to create molecular profiles for individual patient
tumors. These profiles are essential in guiding clinicians in the selection of targeted
therapies and identification of applicable clinical trials. It is extremely important to
implement a quality management program to ensure the accuracy and reproducibility of
reportable results. As a CLIA-certified and CAP-accredited laboratory, we fully validated a
targeted NGS panel and implemented an extensive QM program that allows us to routinely
generate these molecular profiles that have become such an essential component of
personalized cancer treatment.
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Clinical CHPv2 workflow and

QC checkpoints

“Wet bench”
analytical process

DNA extraction
(QC1)

Passed QC1:
DNA
concentration
(QC2) and DNA
quality (QC3)

Passed at least Fai
QC2 or QC3: all:gdbgtgé?cz
library request another
preparation block

Library
quantification
(QC4)

Failed QC4:
request another
block

Passed QC4*:
sequencing

Figurel.

“Dry bench”
bioinformatic process

Read mapping
and alignment,
and variant calling

Variant annotation

Post-sequencing
run metrics
(QCs6)

Passed: Failed:
Post-sequencing troubleshoot and
sample metrics™* repeat analytical

(QCs) process

Passed: Failed:
Post-sequencing troubleshoot and
variant metrics*** repeat analytical

(QCe6) process

Passed: Failed:

variants are variants are not
reported reported

Variant curation
and 1st report
review

2nd report review
and sign-out

Clinical workflow for the NGS CHPv2 workflow including the pre and post-analytical QC

checkpoints.

*1f the quality control material fails this step, none of the samples are sequenced, and run
failure documentation is generated. After troubleshooting, another library preparation must
be started. **If the quality control material fails this step, none of the samples are analyzed,
and run failure documentation is generated. After troubleshooting, another library
preparation must be started. ***If the variants present in the quality control are absent or
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have different allelic frequencies than expected, none of the samples are analyzed, and run
failure documentation is generated. After troubleshooting, another library preparation must
be started.
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Figure2.
Total number of samples that failed quality controls (QCs) established throughout the

CHPv2 workflow, and total number of samples that were sequenced.

(A) Represents all samples that were QNS before or after sequencing. In green are the
samples that did not pass QC1, and consequently did not have their DNA extracted (they are
not present in Figure 2B). In blue and red are the samples that had their DNA extracted, and
library preparation was performed. Since DNA quality was recently implemented, none of
the samples that failed both DNA concentration and DNA quality were QNS. However, after
extensive analysis, this is part of our current workflow. (B) Represents only samples that
passed QCL1. In blue are the samples that passed QC4 and they were sequenced. Only two of
them failed QCB. In red are the samples that failed QC4, and were QNS.
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Variants detected in clinically actionable and non-actionable genes in each tumor type.

The color “red” represents the clinically actionable genes, and the color “blue”, the non-
actionable genes. The pie chart graphs represent the classification of the samples into one of
the three groups: absence of mutations (wild-type: wt), presence of only clinically actionable
mutation(s), and presence of only non-actionable mutation(s). The bar graphs represent a
profile of all mutated genes identified in all samples. In the non-actionable category, genes
with only one mutation detected were grouped into “other”.
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Figureb.
Circos plots for each tumor type showing the frequency of patients with mutations in both
clinically actionable and non-actionable genes.
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