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abstract

PURPOSE Guidelines advocate molecular profiling in the evaluation of advanced non–small-cell lung cancer
(NSCLC) and support the use of plasma circulating tumor DNA (ctDNA)-based profiling for patients with in-
sufficient tissue. Thorough prospective clinical validation studies of next-generation sequencing (NGS)-based
ctDNA assays are lacking. We report the multicentered prospective clinical validation of the InVision ctDNA
assay in patients with advanced untreated NSCLC.

METHODS A total of 264 patients with untreated advanced NSCLC were prospectively recruited, and their plasma
was analyzed using a ctDNA NGS assay for detection of genomic alterations in 36 commonly mutated genes.
Tumor tissue was available in 178 patients for molecular profiling for comparison with plasma profiling. The
remaining 86 patients were included to compare ctDNA profiles in patients with and without tissue for profiling.

RESULTS Concordance of InVisionFirst with matched tissue profiling was 97.8%, with 82.9% positive predictive
value, 98.5% negative predictive value, 70.6% sensitivity, and 99.2% specificity. Considering specific alter-
ations in eight genes that most influence patient management, the positive predictive value was 97.8%, with 97.1%
negative predictive value, 73.9% sensitivity, and 99.8% specificity. Across the entire study, 48 patients with
actionable alterations were identified by ctDNA testing compared with only 38 by tissue testing. ctDNA NGS
reported either an actionable alteration or an alteration generally considered mutually exclusive for such ac-
tionable changes in 53% of patients.

CONCLUSION The liquid biopsy NGS assay demonstrated excellent concordance with tissue profiling in this
multicenter, prospective, clinical validation study, with sensitivity and specificity equivalent to Food and Drug
Administration–approved single-gene ctDNA assays. The use of plasma-based molecular profiling using NGS led
to the detection of 26% more actionable alterations compared with standard-of-care tissue testing in this study.
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INTRODUCTION

Non–small-cell lung cancer (NSCLC) accounts for more
than 85%of lung cancer1; themajority of patients present
with advanced-stage disease and are treated with sys-
temic therapies. Great strides have been made in the
development of therapies for such patients, including
targeted therapies and immunotherapy. Targeted ther-
apies require identification of specific molecular alter-
ations in the cancer,2 and guidelines recommend broad
genomic profiling to assess for therapeutic targets.
However, the use of such comprehensive testing is still
limited, often because of inadequate tumor tissue in
many patients, given the high tissue demands of com-
prehensive genomic profiling (CGP) testing. A recent
review of more than 800 patients from routine US

community oncology practices revealed that only 59% of
patients were profiled for two of the best known genomic
alterations (epidermal growth factor receptor [EGFR]
mutations and ALK fusions), and only 8% received CGP
covering all the recommended alterations.3 Repeat bi-
opsies are costly and often result in patient discomfort,
and many patients may experience complications.4 A
recent US Medicare-based analysis demonstrated that
the average cost of a transthoracic biopsy was $14,587
once treatment of complications was included.5

Plasma-based assays for molecular profiling of tumor
mutations through circulating tumor DNA (ctDNA)
offer the potential to overcome difficulties associated
with tissue-based CGP.6 These less-invasive liquid
biopsies are now entering routine clinical practice, with
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recent National Comprehensive Cancer Network guidelines
recommending their use in patients with NSCLC when
tissue biopsy is not available.7

To enable routine clinical use of such assays, robust validation
needs to be undertaken. Given differences in ctDNA levels
across tumor types and stages of disease,8 characterizing
performance in the intended-use setting is important to allow
clinicians to understand assay performance in clinical use.
The documentation of performance in well-designed pro-
spective studies of patients who have not been previously
profiled allows for a true characterization of assay perfor-
mance in the real-world setting and comparison between
patients who undergo tissue-based CGP and those who do
not. To date, such validation studies have not been reported in
patients with advanced untreated NSCLC, with many con-
cordance studies being undertaken in archival sample sets
that have already been characterized or only address or-
thogonal testing of patients who have previously been tested
by the assay under scrutiny.9 Such studies make it difficult to
interpret the actual assay performance, particularly sensitivity.

We report the prospective clinical validation of the
InVisionFirst-Lung assay (Inivata, Research Triangle Park, NC)
in its intended-use population. This plasma-based CGP assay
can identify genomic alterations in 36 commonly mutated
genes (Appendix Fig A1). It has undergone extensive ana-
lytical validation, demonstrating excellent sensitivity for iden-
tification of mutations, detecting 100% of single nucleotide
variants (SNVs) with a variant allele fraction (VAF) of 0.5%, and
89% of SNVs in a VAF range of 0.13% to 0.16%.10

METHODS

This prospective analysis combined patients with ad-
vanced, nonsquamous NSCLC recruited in two prospective
US clinical studies (INI-001 [ClinicalTrials.gov identifier:
NCT02906852] and GRN-ALV [ClinicalTrials.gov identifier:

NCT03116633]) and samples obtained from a commercial
biobank (Asterand, Detroit, MI; Appendix Fig A2). All en-
rolled patients were included if they met the following
criteria: written informed consent; ages 18 years or older;
stage IIIB/IV NSCLC; had not received therapy for advanced
NSCLC; blood for plasma ctDNA analysis collected within
12 weeks of NSCLC tissue biopsy; and no anticancer
therapy between the tissue and plasma collection.

The primary aim was to examine concordance of ctDNA
and tissue profiling. All patients meeting the inclusion
criteria were eligible regardless of tissue availability to
allow the comparison of ctDNA profiles in patients with
and without tissue for profiling. All studies were un-
dertaken within recognized ethical principles estab-
lished in International Conference on Harmonisation
Good Clinical Practice and the Declaration of Helsinki
and were subject to institutional review board/ethical
review and approval.

ctDNA, Tissue Analysis, and Concordance Analysis

Blood was collected into Streck-DNA tubes (Streck, La
Vista, NE) and shipped to the Inivata Clinical Laboratory
Improvement Amendments–accredited laboratory (Re-
search Triangle Park, NC) for InVision ctDNA analysis. Full
assay details have been described previously.10,11 Briefly,
blood was processed to plasma by centrifugation. After
plasma extraction, plasma was stored at −80°C according
to validated specifications until analysis in batch. DNA was
extracted from plasma using the QIAamp Circulating
Nucleic Acid kit (Qiagen, Santa Clarita, CA). After quality
control, sequencing libraries were prepared using a two-
step amplification process, and libraries were sequenced
by Illumina (San Diego, CA) NextSEquation 500. Se-
quencing data were analyzed using the Inivata analytical
pipeline to identify genomic alterations (Appendix Fig A1).

CONTEXT

Key Objective
In this report, the authors examine the application of plasma-based comprehensive genomic profiling (CGP) in untreated,

newly diagnosed, advanced-stage non–small-cell lung cancer (NSCLC) compared with CGP using biopsy tissue in
a prospective clinical study.

Knowledge Generated
Amplicon-based next-generation sequencing (NGS) using plasma was shown to provide a greater number of clinically

actionable results than CGP via tissue in a clinically relevant population. Alterations detected by plasma NGS results were
shown to be accurate, and the report suggests that the use of plasma testing for CGP can be considered as a viable
alternative to biopsy tissue testing.

Relevance
Using amplicon-based plasma circulating tumor DNA profiling will help oncologists appropriately identify more patients for

targeted therapy compared with tissue testing alone. This report supports the use of plasma NGS for providing CGP in
clinical practice, particularly in those patients with inadequate tissue available for broad CGP testing or for whom tissue
testing is unfeasible.
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Where sufficient tissue was available, CGP was performed
in a Clinical Laboratory Improvement Amendments–
certified laboratory (Caris Life Science, Irving, TX). Direct
sequence analysis was performed on genomic DNA iso-
lated from formalin-fixed paraffin-embedded tumor sam-
ples using the Illumina NextSeq platform. An Agilent (Santa
Clara, CA ) custom-designed SureSelect XT assay was used
to enrich 592 whole-gene targets, and all variants reported
were detected with more than 99% confidence. Fusion
analysis was performed on isolated mRNA using the
ArcherDx (Boulder, CO) FusionPlex Solid Tumor Panel and
the Illumina MiSeq. When patients had insufficient tissue
for CGP, tissue molecular testing was allowed per the
treating institutions’ routine pathways. Where both central
CGP and local data were available, the centralized CGP
data were used for concordance analysis (Appendix
Table A1).

Both InVisionFirst and tissue analysis were performed
blinded. Calls made in either ctDNA or tissue in genomic
regions that were not covered by testing in the other were
excluded from concordance analysis. The calling no-
menclature for all identified mutations was reviewed along
with underlying sequencing data where present to ensure
that mutations were named consistently, and all calls were
correctly classified for concordance.

Droplet Digital Polymerase Chain Reaction

Validation Data

Thirty-one patients from the INI-001 study also underwent
plasma droplet digital polymerase chain reaction (ddPCR)
testing for key genomic alterations (KRAS G12C/G12D/
G12V, EGFR exon19del/T790M/L858R, BRAF V600E,
ALK/ROS1 fusions) via a commercial assay provider
(GeneStrat; Biodesix, Boulder, CO) as part of the clinical
site’s routine standard of care for their patients. Blood
samples were collected and shipped according to the test
specifications. Analysis was completed by Biodesix before
any knowledge of tissue or ctDNA testing results. Inivata
was blinded to the GeneStrat test results.

Statistical Analysis

Prospective validation was performed by combining blin-
ded data from two prospective studies and a cohort of
commercially available samples to increase sample size. A
sensitivity analysis was included to ensure no bias was

introduced. No formal samples size estimates were
performed.

Before analysis, a core gene variant panel was defined for
clinically relevant gene mutation hotspots as EGFR exons
18-21, BRAF V600, MET exon 14, ERBB2 ins 20, KRAS,
and ALK and ROS structural variants on the basis of recent
recommendations of ASCO and International Association
for the Study of Lung Cancer biomarker guidelines when
NGS panels are used for molecular profiling.12,13 On the
basis of the emerging clinical interest, STK1114 was also
included in the core gene panel.

All analyses were performed using R version 3.2.5. In the
concordance analysis, the data were summarized using
a 2-×-2 table (Table 1), referring to tissue as the standard.

Utility of InVisionFirst testing was performed by assessing
the number of patients who failed tissue analysis or for
whom the analysis was not performed, specifically, for
actionable mutations conferring sensitivity to approved or
experimental therapies and correlation of the detection of
actionable mutations in tissue versus blood.

RESULTS

A total of 254 eligible patients were recruited across 41
centers in the prospective studies, with an additional 10
patients from retrospective collections, making a total of
264 patients analyzed. Baseline demographics for the
cohort are listed in Table 2 and were consistent with ex-
pectations. Patients with and without tissue testing had
similar demographics; no bias was observed.

InVisionFirst ctDNA Profile

All patients were successfully tested for SNVs, indels, and
amplifications. Testing for ALK/ROS1 fusions was suc-
cessful in 252 patients (95.5%). Figure 1 shows the
mutation profiles across all 264 patients. Overall, 204
patients (77.3%) had one or more alterations detected by
ctDNA. The mean number of alterations identified per
patient was 1.5. Of the SNVs and indels identified, 35.5%
had an allele fraction lower than 1%, and 23.1% had an
allele fraction lower than 0.5% (Appendix Fig A3).

The predominant alterations identified were TP53 (47% of
patients) and KRAS (32% of patients). Twenty-seven SNVs
or indels in EGFR exon 18-21 were identified in 26 patients
(10%). Gene fusions were identified in five patients (2%),
including EML4-ALK in four patients and CD74-ROS1 in
one patient. The pattern and frequency of genomic alter-
ations were similar across patients with and without tissue
(Appendix Fig A4).

Tissue Testing and Tissue-ctDNA Concordance

Of the 264 recruited patients, 178 had successful tissue
testing for at least one genomic alteration. One hundred
sixty-five patients (62.5%) were tested for point mutations/
indels, and 159 (60.2%) were tested for ROS1 and/or ALK
fusions. The most frequently tested gene in tissue was

TABLE 1. The 2-×2 Table: Tissue as the Testing Standard
Testing Result Tissue Positive Tissue Negative

Plasma positive TP FP

Plasma negative FN TN

NOTE. Sensitivity = TP / (TP + FN); specificity = TN / (TN + FP);
PPV = TP / (TP + FP); NPV = TN / (TN + FN)

Abbreviations: FN, false negative; FP, false positive; NPV, negative
predictive value; PPV, positive predictive value; TN, true negative; TP,
true positive.
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EGFR (164 patients; 62.1%). A total of 95 patients were
tested for all eight of the key genes previously described,
and 121 were tested for fusions in ALK and ROS1 and
mutations in EGFR, MET, and BRAF (Appendix Table A1).

Considering tissue as the reference, the sensitivity of
InVisionFirst across the entire panel was 70.6%. Consid-
ering only clinically actionable alterations in eight genes of
most relevance, the sensitivity was 73.9%, with a positive
predictive value (PPV) of 97.8% (Fig 2; Table 3; Appendix
Table A2). The PPV was 100% when only considering the
directly actionable variants (ALK/ROS1 fusions/EGFR
exons18-21/ERBB2 insertions/ MET exon 14 skipping
(METΔex14)/BRAF V600E).

InVisionFirst detected 32mutations in 23 patients that were
not detected by tissue analysis (Appendix Table A3), in-
cluding TP53 (17 mutations), PIK3CA (three mutations),
NRAS (three mutations), and ERBB2 (two mutations). For
30 of these, read alignment data from tissue NGS were
available. Review by the testing laboratory found evidence

of the mutations below the standard calling threshold in six
of the 30 mutations: PIK3CA E542K (three occurrences),
KRAS G12C, MET D1249N, and TP53 V197M (Appendix
Table A3).

Two hundred four patients (77.27%) had at least one
mutation detected by InVisionFirst (Appendix Table A4). In
this cohort, the sensitivity was 88.0% for clinically relevant
alterations in the key eight genes.

Utility Analysis

Tissue CGP was funded as part of the study and performed
for all patients where sufficient tissue was available. Despite
this, InVisionFirst testing resulted in a much higher rate of
testing compared with tissue testing across the entire
recruited population (Fig 3). Table 4 (Appendix Table A1)
details clinically relevant alterations detected across all
patients enrolled. Of 264 patients included, 48 patients
qualified for a targeted treatment on the basis of InVision-
First testing compared with 38 patients on the basis of

TABLE 2. Cohort Demographics

Characteristic
Patients Without Tissue

for Testing
Patients With Tissue for

Testing P* All Patients

No. 86 178 264

Mean age (SD), years 68.2 (10.9) 66.6 (11.1) .248 67.1 (11.0)

Smoking status (%) .335

Current smoker 22.1 31.5 28.4

Former smoker 60.5 55.1 56.8

Never smoked 17.4 12.9 14.4

Missing 0.0 0.6 0.4

Race (%) .111

American Indian or Alaska Native 0.0 0.6 0.4

Asian 3.5 1.7 2.3

Black or African American 7.0 11.2 9.8

White 84.9 86.0 85.6

Other 4.7 0.6 1.9

Histology (%) .326

Adenocarcinoma 94.2 96.1 95.5

Large cell carcinoma 1.2 0.0 0.4

Neuroendocrine carcinoma 0.0 0.6 0.4

Sarcomatoid 1.2 0.0 0.4

Missing 3.5 3.4 3.4

BMI, mean (SD) 27.1 (6.0) 26.4 (6.1) .376 26.6 (6.1)

Male sex (%) 51.2 47.2 .636 48.5

Cancer stage (%) .160

IIIB 10.5 16.9 14.8

IV 88.4 79.2 82.2

Missing† 1.2 3.9 3.0

Abbreviations: BMI, body mass index; SD, standard deviation.
*t test for continuous variables, χ-square test for categorical variables.
†All patients included were confirmed as eligible on the basis of TNM staging.
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tissue testing; 26%more identified actionable mutations by
InVisionFirst (48 v 38). Forty-eight percent of the actionable
alterations detected by InVisionFirst were in patients who
had not been tested for that alteration in tissue because of
incomplete tissue testing (insufficient or unavailable
tissue).

Mutations in KRAS and STK11 are generally mutually ex-
clusive with actionable driver mutations in untreated
nonsquamous NSCLC,15-17 and their detection could pro-
vide additional confidence that patients without actionable
alterations are true negative rather than false negative.
Combining patients for whom InVisionFirst identified an
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FIG 1. Single nucleotide variants, indels, and fusions identified in plasma in the full cohort of 264 patients. Rows refer to genes, and columns denote
patients. Percentages refer to gene alteration incidence identified in this cohort.
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actionable alteration (18.2% of the cohort) with patients in
whom it did not identify those but identified KRAS and/or
STK11 mutations, 142 patients (53.8% of the cohort) had
an actionable alteration detected or ruled out. Of the KRAS/
STK11 mutations detected in plasma in these patients, 90
had the same variant tested in tissue, and 88 of these were
detected (97.8% PPV; Table 3). The two mutations not
detected in tissue included a KRAS G12C, which was
observed below the threshold for calling, and a mutation in
STK11 detected in plasma in a patient who was also KRAS
positive by both tissue and plasma. In the 96 patients where
InVisionFirst identified mutations in KRAS and/or STK11,
tissue data did not detect any actionable alterations.

Orthogonal Validation by ddPCR

Plasma orthogonal testing in 31 patients by GeneStrat
(Biodesix, Boulder, CO) ddPCR revealed an overall con-
cordance of alteration calls of 98.5% (275 of 279), with

positive agreement of 87.5% and negative agreement of
98.9% when considering ddPCR as the reference. Eleven
alterations were seen in this population. Discordance was
observed in four alterations: EGFR exon19del (one patient)
and KRAS G12C (two patients) were detected by InVision-
First but not by ddPCR. In one patient, EGFR L858R was
detected by ddPCR but not by InVisionFirst. Tissue was
available in two of these patients and confirmed the
presence of one KRAS G12C mutation and the EGFR
L858R mutations. Finally, one KRAS G12A mutation was
detected by both the InVisionFirst assay and tissue se-
quencing but was identified as KRAS G12D by the ddPCR
assay. The ddPCR panel did not test for KRAS G12A but
reported the sample as KRAS G12D nonetheless. Com-
parison of the variant allele frequency percentage of the
ddPCR and InVisionFirst is not possible because the
GeneStrat report only indicates whether a variant was
detected or not.

TABLE 3. Summary of Tissue Concordance Data
Alteration Tissue and Plasma Tissue Only Plasma Only No Call PPV NPV Sensitivity Specificity

ALK/ROS1 fusions 2 3 0 292 100.0 99.0 40.0 100.0

BRAF V600E 5 2 0 140 100.0 98.6 71.4 100.0

EGFR (exons 18-21) 13 5 0 146 100.0 96.7 72.2 100.0

ERBB2 exon 20 insertions 2 0 0 137 100.0 100.0 100.0 100.0

KRAS 48 12 1 86 98.0 87.8 80.0 98.9

METΔex14 3 3 0 133 100.0 97.8 50.0 100.0

STK11 15 6 1 93 93.8 93.9 71.4 98.9

Key eight genes* 88 31 2 1,027 97.8 97.1 73.9 99.8

All genes 156 65 32 4,135 83.0 98.5 70.6 99.2

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
*Key eight genes refers to the combination of all directly actionable mutations (ALK/ROS1 fusions, BRAF V600E, EGFR exons 18-21, ERBB2 insertions,

MET exon 14 splice) and KRAS and STK11 variants.
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DISCUSSION

Our data provide clinical validation of the InVisionFirst assay
for molecular stratification of newly diagnosed patients with
stage IIIb/IV NSCLC. This study goes beyond previously
published concordance studies that compared results of
plasma and tissue testing in selected subsets of samples
and, to our knowledge, represents the first prospective
validation of a ctDNA NGS platform for molecular stratifi-
cation of patients with advanced untreated NSCLC.

Using tissue as the reference, concordance for the full 36
genes in the InVisionFirst panel with matched tissue pro-
filing was 97.8%. Considering clinically actionable alter-
ations in eight genes that canmost influence routine clinical
patient management, the PPV was 97.8%, negative pre-
dictive value was 97.1%, sensitivity was 73.9%, and
specificity was 99.4%. Of all mutations detected in plasma,
23% had an allele fraction below 0.5%, highlighting the
need for highly sensitive assays with strong performance at
low allelic frequencies. The InVisionFirst assay has dem-
onstrated excellent sensitivity in analytical validation
studies,10 but despite this high level of sensitivity, ap-
proximately 23% of these newly diagnosed patients with
stage IIIb/IV NSCLC had no mutations detected in ctDNA.

High sensitivity needs to be coupled with high specificity to
ensure that false-positive results do not lead to inappropriate
therapy. Across the full panel, the PPV was 83.0%, compared
with 100% for actionable driver alterations only, the difference
being a consequence of 32 nonactionable variants detected
in plasma but not in tissue. In six of these patients, there was
evidence for the variant below thresholds required for calling
in tissue. Sixteen of the remaining 26 calls were TP53 vari-
ants. These may be subclonal events that only occur at low
levels or may be completely absent from the biopsy site. The
over-representation of TP53 in ctDNA may also be explained
by clonal hematopoiesis.18 Of note, where tissue was avail-
able, all clinically actionable alterations detected by InVis-
ionFirst in plasma were confirmed by tissue profiling. This
provides reassurance of the high specificity of the assay and
is supported by previous studies of InVisionFirst in NSCLC.19,20

In total, 18.2% of patients tested by InVisionFirst had an
actionable change detected. An additional 35.6%were found
to have a genomic alteration generally mutually exclusive with

such actionable alterations. Therefore, 53.8% of patients had
an informative result that could prevent the need for addi-
tional invasive biopsies. The strength of this rule-out classi-
fication was confirmed by the absence of any actionable
alterations detected in available tissue in these patients.

Despite excitement regarding ctDNA NGS platforms, there
are currently no robust studies in an equivalent clinical
setting to provide comparisons across assays. Because
ctDNA levels vary between patients at different stages of
disease,8 sensitivity is affected by the population in the
study. Compared with newly diagnosed patients studied
here, the clinical sensitivity of InVisionFirst in previous
studies was higher in the relapse setting, with 100%
sensitivity (compared with tissue) reported for the EGFR
driver mutation at relapse in 30 patients with tyrosine kinase
inhibitor–treated NSCLC.20 Another assay was also reported
to have sensitivities ranging from 35.7% to 90.3% in dif-
ferent disease settings.21-23 Taken together, these obser-
vations dictate that clinical validation of assays should be
performed in unselected patients from the intended-use
population with clinical characteristics consistent with the
proposed clinical indication before clinical adoption.24

The clinical sensitivity of the InVisionFirst assay demon-
strated here is comparable to published data on the Food
and Drug Administration–approved Roche Molecular
Systems (Pleasanton, CA) CobasV2 single-gene EGFR
ctDNA assay.25 Such single-gene tests only identify the
small subset of patients with mutations in those genes and
are inconclusive for the great majority of patients who
potentially require additional testing. The InVisionFirst as-
say provides data across a panel of genes and can provide
a definitive result in more than 50% of patients through
a rule-in/rule-out approach.

Tissue testing for the most common alterations was only
successful in 62% of patients in the study, consistent with
statistics reported in a recent study across community
oncology institutions.3 Full CGP was successful in signifi-
cantly fewer patients. Routine implementation of ctDNA
testing by InVisionFirst could help to increase the pro-
portion of patients eligible for targeted therapies. Within this
study, InVisionFirst identified 48 actionable alterations
compared with 38 that were detected by standard-of-care

TABLE 4. Summary of Actionable and Rule-Out Status Using the Liquid Biopsy Data (N = 264)
Class Subclass Plasma (No.) Plasma (%) Tissue (No.) Tissue (%)

Actionable 48 18.18 38 14.39

EGFR exons 18-21 26 9.85 18 6.82

ALK/ROS1 fusions 5 1.89 5 1.89

ERBB2 exon 20 insertions 4 1.52 2 0.76

BRAF V600E 6 2.27 7 2.65

MET exon 14 splice 7 2.65 6 2.27

KRAS/STK11 and no actionable mutations 94 35.61 70 26.52

Testing complete 264 100.00 178 67.42
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tissue testing supplemented by CGP. Nearly half of the
alterations detected by InVisionFirst were in patients who
were not profiled for the alteration because of limitations in
tissue testing. This increased detection of actionable al-
terations would be delivered while reducing costs, patient
discomfort, and complications associated with repeated
invasive tissue biopsies.

Patients with advanced NSCLC progress rapidly, and the
time taken to obtain results of molecular profiling is
therefore paramount. Results for the InVisionFirst assay are
now routinely available in 7 days from blood draw. The use
of such testing early in the work-up of patients with ad-
vanced NSCLC may therefore enable earlier therapeutic
intervention.
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APPENDIX
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FIG A2. Consortium diagram for prospective clinical validation of InVisionFirst-Lung assay.
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TABLE A1. Summary of Liquid Biopsy and Tissue Molecular Profiling to Detect
Clinically Relevant Mutations

Gene Variants Detected (No. of patients tested)*
Tissue Biopsy
(n = 178)

Liquid Biopsy
(n = 264)

EGFR exons 18-21 164 264

ALK/ROS1 Fusions 159 252

ERBB2 exon 20 141 264

BRAF V600E 151 264

METΔex14 140 264

KRAS 146 264

STK11 114 264

All key genes 95 264

*For tissue analysis, comprehensive genomic profiling was performed where
sufficient tissue was available. Some patients were not matched for all genes
reported by ctDNA analysis.
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TABLE A3. Mutations Detected in Plasma and Tested Negative in Tissue
Patient ID Gene Name Protein Change VAF Tissue Note

261 TP53 p.S95C 5.50473

258 STK11 p.G251F 0.51020

254 ERBB2 p.P761L 0.07530

255 ERBB2 p.V308M 0.77586

257 TP53 p.Y163N 0.39409

14 TP53 p.C176R 0.50955

14 TP53 p.C238Y 0.54140

18 CDKN2A p.D108Y 0.89080

25 TP53 p.P278L 0.10625

25 TP53 p.R335H 1.15000

28 KRAS p.G12C 0.29070 Evidence below threshold

67 MET p.D1249N 0.09909 Evidence below threshold

74 TP53 p.P278S 0.12500

85 NRAS p.G12D 0.05115

85 PIK3CA p.E542K 5.27494 Evidence below threshold

95 TP53 p.217:V/X 0.16250

95 TP53 p.P278L 0.58750

110 TP53 p.I254N 2.79126

129 PIK3CA p.E542K 2.02500 Evidence below threshold

150 TP53 p.M237I 0.84052

154 FGFR3 p.A261D 0.19375

154 TP53 p.R248Q 1.68750

156 CTNNB1 p.G34R 0.47500

156 NRAS p.T50S 0.36250

169 NRAS p.V14I 0.15228

173 TP53 p.V197M 1.25000 Evidence below threshold

178 BRAF p.G474V 4.66250

178 TP53 p.C275F 6.35000

198 PIK3CA p.E542K 0.07067 Evidence below threshold

198 TP53 p.H214R 1.04240

225 TP53 p.A161S 0.40909

225 TP53 p.P190L 0.52273

Abbreviation: VAF, variant allele fraction.
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TABLE A4. Sensitivity Analysis in the Subset of Patients With at Least One Mutation Detected by Liquid Biopsy
Alteration Tissue and Liquid Tissue Only Liquid Only No Call PPV (%) NPV (%) Sensitivity (%) Specificity (%)

ALK/ROS1 fusions 2 3 0 234 100.0 98.7 40.0 100.0

BRAF V600E 5 0 0 109 100.0 100.0 100.0 100.0

EGFR (exons 18-21) 13 0 0 114 100.0 100.0 100.0 100.0

ERBB2 exon 20 insertions 2 0 0 105 100.0 100.0 100.0 100.0

KRAS 48 4 1 62 98.0 93.9 92.3 98.4

MET exon 14 splice 3 1 0 102 100.0 99.0 75.0 100.0

STK11 15 4 1 71 93.8 94.7 78.9 98.6

Key 8 genes 88 12 2 797 97.8 98.5 88.0 99.7

All genes 156 26 32 3236 83.0 99.2 85.7 99.0

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
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