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Abstract

As interpretation of next-generation sequencing 8\ Gdata remains challenging,
optimization of the NGS process is needed to obtamect sequencing results. Therefore,
extensive validation and continuous monitoringhad guality is essential. NGS performance
was compared to traditional detection methods amchnical quality of nine NGS
technologies was assessed. First, nine formaledfixparaffin-embedded patient samples
were analyzed by 114 laboratories using differeetection methods. No significant
differences in performance were observed betweearyses with NGS and traditional
techniques. Second, two DNA control samples weralyaed for a selected number of
variants by 26 participants using nine different ;N@&chnologies. Quality control metrics
were analyzed from raw data files and a surveyrdég@ routine procedures. Results showed
large differences in coverages, but observed vialgle frequencies in raw data files were in
line with pre-defined variant allele frequenciesamy false negative results were found due to
low-quality regions, which were not reported ashsult is recommended to disclose the
reportable range, the fraction of targeted genoregions for which calls of acceptable
guality can be generated, to avoid any errors eraby decisions. NGS can be a reliable

technique, only if essential quality control durirepalysis is applied and reported.
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Introduction

In the past, to test a single gene, several PCRBebgdatforms or Sanger sequencing
techniques were used for testing predictive andjmustic markers in cancér® Currently,
the testing of several genes and multiple variaspots has become common practice in
cancer treatment decision makingThe recruitment of clinical trial patients is ieasingly
based on confirmed variants and the knowledge efithlecular tumor spectrufnHowever,

it is difficult to respect the turnaround time &st multiple genes sequentially using Sanger
sequencing. Moreover, the limited amount of avé#atumor tissue makes sequential
analyses almost impossible. Thus, there is an asarg demand for methods that allow
molecular testing of numerous variants simultangowgh low DNA input. Next-generation
sequencing (NGS) can fulfil these requirements iarfthding its way as primary technique

for biomarker testing in tumor tissues in many faories*®.

Different NGS technologies are available for perforg whole-genome, whole-exome, or
targeted sequencing analysis. Today, the lattéreipreferred option for oncology biomarker
testing. Whole-genome or whole-exome sequencingaarexpensive for routine practice as
the sequence depth should be high enough for asaf/$umor tissue and there is a limited
clinical actionability of most regions of the humgenome’. In addition, formalin-fixed,

paraffin-embedded (FFPE) tissue that contains feaged DNA is not yet optimized to be
used for whole-genome sequencthghe NGS library preparation can be either PCRethas

or capture-based and can be combined with diffesequencing platforn{s'®.

Sequencing costs per sample are decreasing for NGS
(http://www.genome.gov/sequencingcosts, last accessed March 23, 2017). Although targeted
sequencing was first performed for a few thousaolthis, this is now available for a few

hundred dollars per sampte ' The decreasing costs, the low turnaround time,ute of
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FFPE-material and the broad coverage of clinicadlgvant genes will further encourage the

use of targeted NGS in routine practice of molecpédhology laboratories.

The implementation of NGS also knows some limitatidt remains a challenge to handle the
limited amount of DNA and the quality of DNA exttad from FFPE tissue in molecular
pathology™. In addition, the interpretation of the resultingsbioinformatics becomes more
complex. Many different quality control (QC) mefican be applied to filter the huge amount
of data and determine the correct variants in #mpde. Reporting the correct genotype of a
tumor is especially important in decisions for &gl therapy. For example, confirmation of
activating EGFR variants in non—small-cell lung cancers is essktgore therapy with

EGFR tyrosine kinase inhibitot§ >

Recommendations for using NGS in clinical practlescribe various quality parameters that
need to be taken into account, however, in most;a® exact criteria for variant calling are
given
(www.wadsworth.org/sites/default/files/WebDoc/Updated%20NextGen%20Seq%200NCO_Guidelin
es_032016.pdf, last accessed March 31, 20192 For instance, coverage, one of the most
relevant technical variables in NGS, can help oultteshooting errors and optimizing the
laboratory’s NGS workflow'®. A tool to assure correct diagnostic results igigipation in
external quality assessment (EQA) schemhiesVith participation in EQA, it can be verified
whether the test method used and QC metrics ugedadid and accurate, and reliable results

are obtained.

This study assessed the performance of NGS compauw@ter variant-detection assays in an
EQA scheme for somatic variant analysis in B@&R gene. On the other hand, a multigene

analysis of DNA control material was performed IByl2boratories using nine different NGS
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technologies. The technical quality within and begw the technologies was compared by re-

analyzing the raw data files and the performanab@taboratories was evaluated.

Materials and Methods

The study consisted of two parts. The first pars wWee analysis of patient FFPE samples for
EGFR variants. The participants in this study wereinfed that the samples were part of the
2015EGFR EQA scheme of the European Society of Pathology]E&ing.eqascheme.org,
accessed December 18, 2017; registration reqdimeéull laboratory participation.). This
EGFR EQA scheme was open to all laboratories worldwitlee scheme was organized
according to international guidelings To determine the performance of a laboratoryresco
were assigned by two independent assessors by csmpaf the participant’s results with
the validated results. Two points could be obtaif@deach correctly genotyped sample for a
total of 18 points and points were deducted in a#sa genotyping, technical, clerical, or
nomenclature error. Genotyping errors were defiagdalse positive results, false negative
results, or reporting of a wrong variant. A papamt was seen as successful if at most one
technical error and/or a nomenclature mistake,comore than one genotyping error without
nomenclature mistake was made. Nine FFPE patienplea were evaluated in the scheme
(Table 1). For three of the samples, mock clinic#ormation was provided by the
organization, and participants needed to submittewridiagnostic reports with molecular

results and interpretation of these cases.

For the selection of the participants of the secoad of this study, an invitation was sent to
more than 600 institutes from the ESP database.addidature form was filed by 98
laboratories and the final selection of 26 Europkdnoratories was based on the used NGS
methodology (panel and platform), accreditationtusta NGS implementation date and
number of samples tested per year to obtain a gmetipenough variation on these aspects

(Table 2).
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The DNA control material originated from two difeeit manufacturers: sample A was the
Quantitative Multiplex DNA reference standard frat#orizon Discovery (Cambridge, UK)
and sample B the Oncology Hotspot Control from Terisher (CA) (Table 1). For this
study, 20 genes were selected for which the ppaits needed to report resulT1, ALK,
BRAF, CTNNB1, EGFR, ERBB2, ERBB4, FGFR2, FGFR3, KIT, KRAS MAP2K1, MET,
NRAS PDGFRA, PIK3CA, PTEN, SMIAD4, STK11, andTP53. This list was selected based on
the overlap between the targeted regions coverethdyifferent NGS methodologies, the
clinical relevance of markers and current availgbf targeted therapies for biomarkers in
these genes. The relevance (pathogenic versusm)eamg position (intronic, exonic, splice
site) of the variants in the selected genes waermgted by the Biomedical Quality
Assurance (BQA) unit (KU Leuven) with the Ingenuiariant Analysis (IVA) software

(build 4.3.20170418) from Qiagen (Valencia, CA).

The participants analyzed the DNA control matenidth their routine NGS methodology and
were requested to report any variant above a Maaidele frequency (VAF) of 1% in the 20
selected genes, regardless of the clinical relexafdist with the identified variants, as well
as the raw data files (BAM files) from the NGS as&éd were submitted to the organisers of
the study. In addition, questions were asked albfmeitused QC metrics and the validation
procedure of the participant’s NGS technique. Nlog@estions in the survey were mandatory
and more than one option could be chosen for skegerestions, hence why the sum of
percentages is not equal to 100%. After the paditis submitted their results, all further
analyses, discussed below, were performed at thA B@search Unit and the Center of
Human Genetics of the KU Leuven. The limit of détat of the participant’s technique was

taken into account for the determination of cormdncorrect results.
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All reported variants in the DNA samples were crolsscked with the variant list provided
by the manufacturer to identify possible false pesior false negative results. The BED files

with target definitions were provided by the comparof the NGS panels.

Technical information, such as total coverage dtetrative allele coverage was calculated
from the provided BAM files wusing bam-readcount sien 0.8 software
(https://github.com/genome/bam-readcount, lastsssmeMay 2, 2017). A minimum mapping
quality and base quality of 15 was applied. BEDga@rsion 2.25.0 was used to analyze the
observed coverages of participarits 22 The observed VAFs were calculated from this

dataset.

Statistical analysis was done with IBM SPSS (Newrkyd\Y) statistics version 22.
Comparison of groups was done with a Chi squargtdotewith Fisher’s exact test in case the

expected frequency was less than 5 in more than 20%

Results
The results of the analysis of nine FFPE samplas fihe 2015 ESP EQA scheme EBFR
variant analysis were evaluated. In this schemepf3B14 participant$28.9%) used their

routine NGS technique f&GFR variant analysis.

The average genotyping scores for laboratoriesgusiBS (N = 33, NGS laboratories) and
laboratories using another technique (N = 81, n@tSNaboratories) were 90.0% (16/18) and
87% (15.7/18), respectively. Only 79% (26/33) of tHGS laboratories and 64% (52/81) of
the non-NGS laboratories made no genotyping elffatse positive results, false negative
results, or reporting a wrong variant). More dstaih the genotyping errors can be found in
Table 3. In addition, NGS laboratories tended ttaimbthe maximal score (18/18) more than
non-NGS laboratories. However, the number of laiooies with a successful score was

similar between both groups (Table 3). At samptel, the differences between the two
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groups were smaller, but still more genotyping esroccurred when analyzing the samples
with a non-NGS technology (6%) versus an NGS teldgyo(4%). Detailed results on sample
level showed more false negative results compavefhlse positive results or reporting a
wrong variant (Table 3). Of the 33 NGS-laboratarie® used a laboratory-developed NGS
panel. The average score of these 12 laboratoass8®% and four (33%) laboratories made
a genotyping error. This lower average score was tduone laboratory that made four
genotyping errors. More detailed information on tigge of errors of the NGS laboratories
versus the non-NGS laboratories can be found ineTabNo significant differences could be
observed between the two groups regarding the nuaibb@boratories with major genotyping
errors, technical errors or a maximum performaro®@es (18/18) in the EQA scheme (P =

0.129, P = 0.447, and P = 0.193, respectiv&ly)

In addition to the genotypes for each sample, kaooies also submitted diagnostic reports.
Only three of the 33 NGS laboratories (9.1%) regmbnivhich exons were not informative

enough for a reliable conclusion and one NGS ldboyaeported that some exons were of
sub-optimal quality, but did not state the exaatresx None of these laboratories had a false

positive or a false negative result in the analgsighe patient samples.

Twenty-six institutes participated in the second pathe study, of which two institutes used
two different NGS techniques (Table 4). Not alldedtories submitted the requested raw data
files or the survey on QC metrics (Table 4). Mdrart half of the participants were accredited
(58%) according to a national or international ded. Half of them tested a limited number
of samples with NGS in 2014 (0-249). Approximatalguarter tested 250 to 499 samples in
2014 and another quarter tested more than 500 saniybst laboratories (58%) worked both
in a clinical trial setting and in a diagnostictsey (Table 2). All institutes used amplicon-

based panels in combination with sequencing-byk®gis (Illumina — United States, MiSeq),
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pyrosequencing (Roche — Switzerland, GS JuniorlpmfTorrent semi-conductor technology

(Thermo Fisher, PGM or lon Proton).

To compare the technical performance of nine dfieNGS protocols, the raw data files
(BAM files) were re-analyzed at a central laborgtddereby, two important QC metrics, the
coverage and VAF of variants in the different pan&tere studied in detail. Only the NGS

panels used by at least two participants were takeraccount.

Figure 1A-D give an overview of the average coverad the amplicon panels for each

technology and participant. To make sure that remele only counted once, the middle
coordinate of each amplicon was used. As the ThiSIgimor panel (lllumina) uses two

oligo pools for multiplex PCR, two pools were awhie for each participant. Participant 10
and Participant 11 performed a replicate analymsace the two results. Figure 1E-H give an
overview of the uniformity of the coverages for legeanel. For each amplicon of each
sample, the expected number of reads and perceotagads per amplicon were determined
and the deviations from this number for each aropliszvere used as a measure for the
uniformity of the coverage. Participant 19 showe Icoverage compared to the other
participants. This laboratory used the lon AmpliSsgjon and Lung Cancer Panel (Thermo
Fisher Scientific). Participant 28 used the Tru$igimor panel from lllumina and showed

very low and uneven coverage. Participant 3 hadmlplicons covered, although some at
very low depth, explaining the high standard deerat These analyses revealed a high
variation in average coverage, both between therdiit technologies and within a specific

technology (Figure 1).

Figure 2 visualizes the deviation of the observé&d\from the participant’s panel from the
expected VAF, as determined by the manufactureaoiple A. Ideally, the graph should be
low and horizontal for a minimal deviation betweaba observed and the expected VAF. Due

to the uneven coverage of Participant 28, and #rg ow coverage of Participant 19, these

Page 10 of 33



laboratories were left out of the analysis. Theeswnly one outlier left, due to the reporting
of a variant at 28% instead of the expected 13% Gtrresponding laboratory used the
TruSeq Amplicon Cancer panel (lllumina). Except floese participants, the variation of the
observed VAF was limited (< 3%), both within andvaeen the different technologies. For
most variants, the average observed VAF of thesdfft participants is in accordance with
the expected VAF per methodology. The lon Ampli&sdon and Lung Cancer panel from
Thermo Fisher has 5 of the 12 targeted varianth ait average that differs more than 1%
from the expected VAF, as determined by the manufac None of these five show large
systematic deviations in the other methodologies. the other methodologies, one or two
variants € 15%) show an average VAF that differs more thanfdd® the expected VAF.
For sample B, only ranges of expected VAFs werevidenl by the manufacturer of the

sample and no standard deviations could be caézlat

Subsequently, the BAM files of the two samples gatesl by the different technologies were
analyzed to study the variants present in the afigeads. Figure 3 gives an overview of the
variants that should have been detected by thefepeethodology, categorized according to
the coverage limit and the minimal VAF of the sfiegbarticipant. Mostly, the percentage of
variants below the QC criteria of the participararied between 10% and 30%. Some
participants showed a higher percentage of variagltsw their QC criteria, however this was
not in accordance with the other participants @t thpecific methodology. For example,
Participant 19 showed no variants above the ppattis QC criteria, which was not in line
with the other participants using the lon AmpliSEglon and Lung Cancer panel from
Thermo Fisher Scientific. The TruSeq Amplicon Canganel from Illumina showed four
variants without reads in all three participantteTother variants without coverage were

sequenced and present in the BAM files by at leastother participant.
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Following the technical analysis of the BAM filebtbe participants, the submitted list of the
identified variants in both samples was analyzedetail (Figure 4). For each participant, the
percentage of reported and unreported variants wvalsulated. These variants were
subsequently divided in different categories, basethe information in the BAM files of the
participant. The limit of detection and the minincalverage, as reported by the laboratory in
the QC survey, were taken into account to assigeetltategories. Variants in the raw data
files that met the QC criteria of the participantlavere also reported by the participant in the
variant list, or variants below the QC criteria argported as such are seen as correctly
reported variants. In case the coverage or limdegection was below the participant’s limit,
this was considered as an incorrectly reportedanariVariants that did not fulfil the QC
requirements should not be reported. For examg@#ijcipant 19 reported a high number of
variants that did not meet QC criteria. Most pgraats obtained good results and reported

more than 80% of the variants in a correct way.

In addition, for sample A, 14 laboratories had onenore false positive results. In total, 37
possible false positive variants were identifiethe Tmanufacturer of this sample could not
confirm whether these variants were true variant@lge positive variants. On average, their
limit of detection for exome sequencing was 10% #&mel possible false positives were
reported by the participants at a VAF lower than asound this limit. However, the

observation that only three of the 37 variants wepmrted by two different laboratories and
31 by one laboratory argues that these variantdraeefalse positives. For sample B, 11
laboratories had one or more false positive results 36 false positive results were identified
in total. Five variants were reported by two or endifferent laboratories. None of the false

positive results were taken into account to asbesperformance of the laboratories.

Since not all laboratories provided their BAM filew the laboratory’s NGS bioinformatics

pipeline does not generate BAM files, some paréiotp could only be evaluated based on the
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reported list of identified variants (Figure 5).eT®S Junior system from Roche generates sff
files, which could not be further analyzed for th@®iC metrics?®. For all these participants,
only the limit of detection was taken into accotmfissign the categories and no conclusions
were made regarding the quality of the reads (IEida): For sample A, most participants
reported the correct variants, within their limftdetection. Only Participant 4b missed three
of the 12 targeted variants. In sample B, moreefalsgatives were present, but it was not

clear whether it was due to low quality of the iead not.

To collect information on the number of QC metrinsroutine practice and the type of
validation procedures, a survey was sent to altiggpants. For validation of their NGS
methodology, 59% (13/21 laboratories) used referenaterial from Horizon Diagnostics and
19% (4/21) used reference material from ThermodfiStientific. Other reference material
was FFPE material (76%), cytology material (10%pod (10%), clinical study samples
(5%), and fresh frozen samples (5%). The labordotised on average five QC metrics
during the wet bench process of the NGS analysidwa during the bioinformatics phase for
each analysis. In the sample preparation phase (BkbPaction, library preparation, and
enrichment of the sample) of the NGS analysis, DigAcentration is an important QC metric
for many laboratories. This metric is controlledtive different steps of sample preparation.
Other QC metrics used by more than one laborateng\wamplicon size, fragment analysis, or
amplification of the PCR product. After extractiaf the DNA, 70% of the participants
monitored the DNA concentration. After sequenciRgred score (37.0%), VAF (26%), and
the coverage (26%) are the main QC metrics. Theshmid for the VAF varies between 1%
and 10%. The minimal coverage was calculated bherdift measures, per base, per exon or

per sample, and shows high variation among theréifit participants.
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Discussion

Many different workflows are available for NGS asa$. Optimization of various NGS
processes is needed to obtain high-quality seqngmebsults™ % Interpretation of the results
remains challenging and a lot of data are generiatetle process. To ensure that correct
results are obtained at all times, extensive vaAbdaand continuous monitoring of the quality
is essential’ ?”. This study compared the performance of NGS teldlgies versus traditional
detection methods and assessed the technicalygagfiine routinely-used NGS technologies

for variant detection in DNA control material.

The inclusion of the results of the participantstltdé ESPEGFR EQA scheme allows the
comparison of NGS users versus non-NGS users (Baljlang.eqgascheme.org, last accessed
December 18, 2017). The participating laboratotiad different accreditation statuses or
experience with NGS technology (Table 2). Althougbre NGS laboratories made technical
errors, the percentage of technical errors for $asngnalyzed with NGS is similar to those
analyzed with other techniques (Table 3). The nitgjorf the laboratories using NGS had one
technical error whereas more laboratories usingerotechniques had multiple technical
errors. Although the differences between the NA®natories and non-NGS laboratories

were small and not significant, there is a trendatias a better performance of NGS.

In the second part of the study, technical featofethe different NGS technologies and the
performance of the laboratories were analyzed. @asethe VAF of the variants in the DNA
control sample A, the estimation of the VAF gavedjoesults; the observed VAF from the
raw data files corresponded well with the expedtédd-. The discordant estimates of two
participants were mainly due to uneven and/or lowecages. Therefore, to be able to detect
all variants, including those with frequencies bel8%, the minimal coverages for different
VAF should be determined during the validation [s54:

(www.wadsworth.org/sites/default/files/WebDoc/Updated%20NextGen%20Seq%200NCO_Guidelin
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es_032016.pdf, last accessed March 31, 2of?.) Once introduced in clinical context, this

should be taken into account for the molecularpritation and the diagnostic report.

The results of the DNA control material analysesr(gle A and B) showed large differences
between the NGS methodologies, especially in sanBleThe percentage of correctly

reported variants ranges between 58% and 100%afople A and between 55% and 97% for
sample B. There was no clear tendency that variaing specific type (pathogenic, benign,
uncertain, or unknown) were less reported by théigygaants than others. Reflecting this to
routine practice, relevant pathogenic variants woalso be missed, which could have a
possible harmful effect on therapy decisions. Basedhe analysis of the raw data files, the
possible cause of false negative results showedasitnends within one technique. The

analysis of sample B with the TruSight tumor pain@m Illumina showed many results for

which the observed VAF is below the expected VARkgeand, consequently, lower than the
corresponding limit of detection for that partiagpaOf all variants that should have been
identified by this panel (N = 211), 26% had a cageror a VAF that was lower than the limit
for all four participants with this panel. For tHraction of the variants, the recipient of the
report, including clinicians and laboratory perselnmvould not have any idea that the results
were of lower quality and thus not trustworthy. @onous education may be needed for
molecular biologists to include the reportable engnd to inform clinicians on the

importance of the reportable range, such that itifisrmation can be used correctly and

efficiently.

This study emphasises the importance of providirfigrmation about the reportable range
when describing NGS results in a tumor sample. rEipertable range can be defined as the
fraction of the targeted genomic regions for whadils of an acceptable quality can be
generated® ?® The importance of evaluating the reportable ranfj¢he NGS technique

during the validation process was stressed by thieic@ Laboratory Improvement
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Amendments (CLIA) from the United States in 2012 avas also emphasised in different
recent guideline& *® 7 There is a large influence on patient safety wiegortable ranges
are not added in the results. Figure 4 shows & largportion of false negatives (not reported
variants) of which the quality of the regions waxt sufficient to be withheld during variant
filtering (coverage or VAF below the participantignit). This is especially the case for
laboratories using the TruSight Tumor Panel frdomiina, which tend to produce more such
regions than the other panels in this comparisgninBicating those regions in the report the
clinician can take this into account for furthetempretation of the results as some regions
may be less covered or have a lower quality sdome bthers and this can differ for each
analysis. During the 2015 EE%SFR EQA scheme, only three participants stated infoiona
on the non-informative exons or gave informatiorowbthe coverage per exon and the
minimal required coverage (one participant). Twalhefse laboratories were accredited and
two of them had a university and research backgtoldespite the recommendations in
guidelines and studies, mentioning the reportabtege in the diagnostic report is not yet
routine practice for laboratories. Evaluation ot theports in following years of EQA
organisation by the ESP (2016 EEBFR EQA, 2016 Colon EQA, and 2017 Colon EQA)
showed no large improvements (lung.eqascheme.atgkeas.eqascheme.org, last accessed
December 18, 2017; registration required for flabboratory participation.). Only one
additional laboratory stated that the quality cr#tevere not met for a certain exon. It should
be recommended to laboratories to follow the ab&lguidelines to avoid any errors with an
effect on therapy decisions. As different publiocas provide information about the reportable
range, it should be verified in future EQA schenilesnore laboratories adhere to the

guidelines® 1©
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The need to monitor the reportable range could léspart of the continuous validatich In
case a clinically important variant shows insu#fiti coverage on a regular basis, there is a

need for revalidation of the technique.

Some false positive results were also reported fidoation of the variants by a secondary
technique could be a solution to avoid such erirotie future'” ?° In routine practice, nine
of the patrticipating institutes (35%) used a seeoypdiechnique to confirm a positive result in
diagnostic routine settings. These laboratoriesnfigix European countries had different
degrees of experience in the number of samplesdesr year and six were accredited. Three
still reported a false positive result in this stud@he practice for confirmatory testing used to
be encouraged by guidelines and recommendationsggasbNGS technology evolves it is no
longer recommended for all cases® * Confirmatory testing should be applied in case of
doubt, for example in variants with low frequencgsother unexpected results or in case a

variant was identified outside the validated regid® *

Another strategy to avoid false positive and fategative results is to include reference
standards in the NGS workflofV. It was not requested in this study if referen@mdards

were used in routine practice. However, two thiofishe participants in the second part of
this study included reference material in theiti@hivalidation, before implementation of the

technique, which is already a good step towardsarament of the qualit}f.

Conclusion

NGS performs well in clinical practice comparedttaditional diagnostic testing methods.
There is a trend towards a better performance dd N@th less genotyping errors. Although
the number of tested hotspots/genes analyzed isahee run increased significantly, there
were still genotyping errors with the NGS technigse it remains important to focus on the

QC metrics of each analysis.
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This study shows the importance of describing dportable range in the report. The regions
that cover clinical relevant variants for which neliable calls were obtained should be
reported clearly to the clinician who makes treattmeecisions. At first sight, the NGS
methodologies showed a moderate performance intifgeg variants in DNA control
material, but when the reportable range was tak#a account in the evaluation, the
performance increased to a higher level. Techraatdria must be available to determine a
successful analysis and, where necessary, additiedacation should be provided to

clinicians and NGS users to correctly use thisrmfation in their treatment decision making.
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Figure Legends

Figure 1. Average coverage per participadiY) and uniformity of coverage per participant
(E-H). Sample A: Quantitative Multiplex DNA referencesdard from Horizon Discovery.

Sample B: Oncology Hotspot Control from Thermo EirsBcientific. Part: participant. Only

methodologies used by at least two participantshosvn.

Figure 2: Deviation from expected variant alleleguency (VAF) for sample A (Quantitative
Multiplex DNA reference standard from Horizon Diseoy). Participants 19 (lon AmpliSeq)
and 28 (TruSight tumor) were left out of the analy$ruSight tumor: TruSight Tumor panel
from lllumina. TruSeq: TruSeq Amplicon Cancer pafrein lllumina. lon AmpliSeq: lon
AmpliSeq Colon, and Lung Cancer panel from Thermshér. Actionable mut: Tumor
Actionable mutations panel from Qiagen. The dotieds represent the change in scale

between the lower part and the upper part of eadelp

Figure 3: Quality of variants that should have bdetected by the specific methodology.
Sample A (Quantitative Multiplex DNA reference ddard from Horizon Discovery)B:
Sample B (Oncology Hotspot Control from Thermo Eigh Tumor Actionable mutations
panel from Qiagen. lon AmpliSeq Colon and Lung @arpanel, Oncomine Focus Assay and
Oncomine Solid Assay from Thermo Fisher. Somatisday and Tumor Hotspot assay from
Multiplicom (Niel, Belgium). TruSight Tumor paneind TruSeq Amplicon Cancer panel
from lllumina. Part Participant. Filters used fomadysis of the raw data: variant allele

frequency and coverage limits as reported by tingcgzant.
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Figure 4: Percentage of correctly (C) and incolye€NC) reported variants by each
participant. A: Sample A (Quantitative Multiplex DNA reference reard from Horizon

Discovery). B: Sample B (Oncology Hotspot Control from Thermo hErg. Tumor

Actionable mutations panel from Qiagen (Hilden, i@any). lon AmpliSeq Colon and Lung
Cancer panel, Oncomine Focus Assay and Oncominel 3skay from Thermo Fisher.
Somatic 1 assay and Tumor Hotspot assay from Miglim. TruSight Tumor panel and
TruSeq Amplicon Cancer panel from lllumina. Filtarsed for analysis of the raw data:
variant allele frequency and coverage limits aoreg by the participant. Part- Participant,

QC- quality control, LOD- limit of detection.

Figure 5: Variants reported by the participants idrom no BAM files were availableA:

Sample A (Quantitative Multiplex DNA reference slard from Horizon Discovery)B:

Sample B (Oncology Hotspot Control from Thermo Eigh Tumor Actionable mutations
panel from Qiagen. GS Junior system from Roche withouse primers. Oncomine Solid
Assay from Thermo Fisher. Somatic 1 assay from iglidbm. Filters used for analysis of the
raw data: variant allele frequency and coveragetdims reported by the participant. N-
number of variants that should have been detectedhb specific methodology, Part-
Participant, R- reported by the laboratory, NR- regtorted by the laboratory, LOD- limit of

detection.
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Table 1: overview of the material sent in both pars of the study.

Part 1: samples of the 20E&FR EQA scheme of the ESP

Variants in the samples (N = 9EGFR wild-type (five samples)

EGFR ¢.2156G>C p.(Gly719Ala)
EGFR ¢.2573T>G p.(Leu858Arg)
EGFR ¢.2235_2249del p.(Glu746_Ala750del)

EGFR c.2369C>T p.(Thr790Met) and ¢.2573T>G p.(Leu858Arg)

Part 2: sample A Part 2: sample B

Material sent

Variants in sample

Variants selected for the study
Position of the selected
variants

Relevance of the selected

variants

1pug 75 pg or 300 pg, dependent on

participant’s panel

> 500 at different VAF > 50Q@ldterent VAF
16 variants in 40e3 299 variants in 20 genes
Exonic Exonic, intronic, splice sites
Pathogenic (100%) Pathogenic (37.2%)

Benign (8.64%)
Uncertain (28.9%)

Unknown (25.3%)
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Reference sequence EGFR: NM_005228.4. ESP Eur&maety of Pathology. sample A:
Quantitative Multiplex DNA reference standard frétarizon Discovery (Cambridge, UK).
Sample B: Oncology Hotspot Control from Thermo Ers{CA). VAF variant allele
frequency. As the target regions for each NGS pdifielr, the actual percentages varied for

each technique.
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Table 2: Overview of the characteristics of the parcipants in both parts of the study.

Techniques Number of NGS Accredited NGS implementation

samples tested per

year
Number of laboratories

Non-NGS based commercialNA Yes: 14 NA

(N =59) No: 45

Non-NGS based laboratory NA Yes: 12 NA

developed (N = 22) No: 10

NGS based commercial 0-249: 12 Yes: 16 Before 2014: 4

(N =29) 250-499: 5 No: 13 2014-2015: 18
>500: 6 2016: 1
Missing: 6 Missing: 6

NGS based laboratory 0-249: 1 Yes: 7 Before 2014: 1

developed (N = 12) 250-499: 2 No: 5 2014-2015: 2
>500: 0 2016: 0
Missing: 9 Missing: 9

For the accreditation status, different nationadl amernational standards were taken into
account: ISO 15189 and ISO 17025 standards as mzem international accreditation
standards, CAP 15189 (College of American Pathstepias national accreditation standard
and widely used national standards such as thenatstandard in the Netherlands (CCKL).
Missing data arose because these questions weyeasked in the survey of part 2 (analysis
of DNA control material).
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N: Total number of laboratories in that group; NGféxt-generation sequencing; NA: not

applicable
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Table 3: Comparison of the analysis results betweeNGS laboratories and non-NGS

laboratories for the patient FFPE samples.

NGS vs >1FP >1FN >1WM >1 Maximal  Successful
Non-NGS Technical score score
failure

Number of participating laboratories (%) using:

NGS 0(0.0%) 5 3 10 6 (18.2%) 17
(N = 33) (15.2%) (9.1%) (30.3%) (51.5%)
Non-NGS 8 (9.9%) 23 7 19 7 42
(N = 81) (28.4%) (8.6%) (23.5%) (8.6%)  (51.9%)

Number of samples (%) analyzed using:

NGS 0(0.0%) 9 4 15 NA NA
(N = 33) (3.3%) (1.3%) (5.1%)
Non-NGS 10 (1.4%) 30 7 38 NA NA
(N = 81) 4.1%)  (1.0%) (5.2%)

" Maximal score is defined as a 100% score (18/18).

T Successful score is defined as at most one tistef@and/or a nomenclature mistake, or at

most one genotype error without nomenclature méstak

NGS: next-generation sequencing; FP: false posikie false negative; WM: wrong

mutation; NA: not applicable.
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Table 4: Overview of the participants and the subnited information available for

further analysis.

ID Platform Panel Sample QC Raw
analyzed metri  data
c submitte
surve d
y
1 A and B Yes Yes
Tumor Actionable
2 MiSeq (lllumina) A and B Yes No
Mutations panel (Qiagen)
3 A and B Yes Yes
A conclusive
4a B No NA
GS Junior .
In-house panel inconclusive
(Roche)
5 A and B Yes NA
6 A and B Yes NA
7 A and B Yes NA

A conclusive Yes Yes,

8 B Sample
PGM lonTorrent lon AmpliSeq Colon and A

9 (Thermo Fisher) Lung Cancer Panel (ThermoA and B Yes Yes

11 Fisher) A and B Yes Yes

19 Aand B Yes Yes

10 lon Proton Aand B Yes Yes
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(Thermo Fisher)

PGM lonTorrent

Oncomine Focus Assay @ A andB

12 Yes Yes
(Thermo Fisher) (Thermo Fisher)
13 PGM lonTorrent Oncomine Solid TumorA and B Yes No
14  (Thermo Fisher) DNA kit (Thermo Fisher) A and B Yes Yes
4b A and B Yes No
15 A and B Yes Yes
16 A and B Yes No
Somatic 1 MASTR assay
17 MiSeq (lllumina) Aand B Yes No
(Multiplicom)
A conclusive Yes No
18
B no result
22 MiSeq (lllumina)  Tumor hotspot Aand B Yes Yes
(Multiplicom)
24a  MiSeq (lllumina) A and B Yes Yes
TruSeq Amplicon Cancer
25 MiSeq dx A and B Yes Yes
panel (Illumina)
(Mlumina)
26 MiSeq (lllumina) A and B Yes Yes
23 A and B Yes Yes
TruSight tumor panel
24b . A and B Yes Yes
MiSeq (lllumina) (lllumina)
27 A and B Yes Yes
28 A and B Yes Yes

*Two institutes participated with two different tadques.
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Sample A: Quantitative Multiplex DNA reference slard from Horizon Discovery. Sample

B: Oncology Hotspot Control from Thermo Fisher.

NA-not applicable.
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