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ABSTRACT

Introduction: Genomic variants that lead to MET
proto-oncogenem receptor tyrosine kinase (MET) exon 14
skipping represent a potential targetable molecular
abnormality in NSCLC. Consequently, reliable molecular
diagnostic approaches that detect these variants are vital
for patient care.

Methods: We screened tumor samples from patients with
NSCLC for MET exon 14 skipping by using two distinct
approaches: a DNA-based next-generation sequencing assay
that uses an amplicon-mediated target enrichment and an
RNA-based next-generation sequencing assay that uses
anchored multiplex polymerase chain reaction for target
enrichment.

Results: The DNA-based approach detected MET exon 14
skipping variants in 11 of 856 NSCLC samples (1.3%).
The RNA-based approach detected MET exon 14 skipping
in 17 of 404 samples (4.2%), which was a statistically
significant increase compared with the DNA-based assay.
Among 286 samples tested by both assays, RNA-based
testing detected 10 positives, six of which were not
detected by the DNA-based assay. Examination of primer
binding sites in the DNA-based assay in comparison with
published MET exon 14 skipping variants revealed
genomic deletion involving primer binding sequences as
the likely cause of false negatives. Two samples positive
via the DNA-based approach were uninformative via the
RNA-based approach due to poor-quality RNA.

Conclusions: By circumventing an inherent limitation of
DNA-based amplicon-mediated testing, RNA-based analysis
detected a higher proportion of MET exon 14 skipping
cases. However, RNA-based analysis was highly reliant on
RNA quality, which can be suboptimal in some clinical
samples.

© 2019 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction

Genomic point mutations, insertions, and deletions
that alter or eliminate the splice donor, acceptor, or
branch sites adjacent to MET proto-oncogenem receptor
tyrosine kinase (MET) exon 14, or deletions that
completely eliminate exon 14, are found in approxi-
mately 3% of patients with NSCLC."™* These alterations
result in exclusion of exon 14 from the MET transcript,
thus eliminating the Tyr1003 residue that mediates
ubiquitination of the MET gene product hepatocyte
growth factor receptor (HGFR).>® As a result, proper
degradation of HGFR protein is impaired, leading to
enhanced oncogenic signaling.”” Several published case
reports have demonstrated clinical responses in patients
with lung cancer positive for these variants to HGFR
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inhibitors (also referred to as MET inhibitors).”*%%?
Thus, robust approaches for detection of MET exon 14
skipping events are critical for clinical management.
Molecular detection of MET exon 14 skipping events
can be achieved by sequencing DNA or RNA (or by other
less common approaches). If DNA is being sequenced, a
genomic variant that alters or ablates a splicing site (or
deletes the whole exon), must be detected. If RNA is
being sequenced, the direct result of altered splicing
(observed as “fusion” of exon 13 to 15) must be detected,
and this result is constant regardless of the underlying
genomic event. An additional consideration is that RNA
is inherently more vulnerable to degradation than DNA,
and consequently RNA of sufficient quality is harder to
acquire from clinical cases. In this study, we used both a
DNA-based approach and an RNA-based approach to
assess samples from patients with NSCLC for MET exon
14 skipping. The prevalence of positive samples was
determined for both assays, and instances of discordance
between the assays were investigated further.

Materials and Methods

Molecular Testing

All testing in this study was performed in the Colo-
rado Molecular Correlates Laboratory (Department of
Pathology, University of Colorado-Anschutz Medical
Campus). Samples included formalin-fixed, paraffin-
embedded processed biopsy and resection material and
formalin-fixed, paraffin-embedded or Diff-Quik pro-
cessed cytopathology material (Table 1). All samples
contained at least 15% tumor cells. Only samples tested
as part of routine clinical analysis were considered. A
flow diagram demonstrating sample quality assessment
and attrition can be found in Supplementary Figure 1.

DNA-Based NGS

The Illumina TruSight Tumor 26 assay ([llumina, San
Diego, CA) is a DNA-based next-generation sequencing
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(NGS) assay that uses amplicon-mediated target enrich-
ment to assess mutational status in select regions of 26
genes, including MET. This assay was performed as
previously described.’® DNA or total nucleic acid was
used as the starting input material. Libraries were
sequenced with the Illumina MiSeq sequencer and raw
sequence data was processed using a custom-designed
bioinformatic analysis algorithm. A minimum read
depth of 500 reads was required to accept a negative
result for each amplicon.

RNA-Based NGS

The ArcherDx FusionPlex Solid Tumor assay (Arch-
erDx, Boulder, CO) is an RNA-based NGS assay that uses
anchored multiplex polymerase chain reaction-mediated
target enrichment to interrogate for gene fusions and
oncogenic gene isoforms involving select regions in 53
genes, including MET. The assay was performed as pre-
viously described.'’ Total nucleic acid was used as the
input material. Libraries were sequenced via the Illu-
mina MiSeq or NextSeq instruments and raw sequence
data was processed with the ArcherDx Analysis software
package (version 4.1.1.7, ArcherDx). Detailed informa-
tion regarding RNA quality assessment has been pub-
lished previously.'” Briefly, for a sample to pass quality
metrics, the average number of unique read start sites
originating from primers to four housekeeping genes
must exceed a defined threshold.

Results

During the period from December 2013 to April
2018, a total of 856 samples classified as NSCLC or lung
cancer not otherwise specified were assessed by routine
clinical application of the Illumina TruSight Tumor 26
assay. Of these, 11 samples were positive for alterations
expected to result in MET exon 14 skipping (Table 2), for
a detected prevalence of 1.3%. During the period from
November 2016 to August 2018, 404 samples classified

Table 1. Sample Characteristics

Characteristic

By DNA Assay

By RNA Assay Tested in Both

Histologic type®

Adenocarcinoma 731 (85.4%)

Adenosquamous carcinoma 1 (0.1%)
Squamous cell carcinoma 77 (9.0%)
Large cell/large cell neuroendocrine 4 (0.5%)
Other or NOS 43 (5.0%)

Sample type
Biopsy (FFPE)
Resection (FFPE)
Cytopathology preparation®

419 (48.9%)
250 (29.2%)
187 (21.8%)

331 (81.9%) 239 (83.6%)

1 (0.2%) 0 (0.0%)
40 (9.9%) 27 (9.4%)
4 (1.0%) 3 (1.0%)
28 (6.9%) 17 (5.9%)

198 (49.0%)
117 (29.0%)
89 (22.0%)

141 (49.3%)
82 (28.7%)
53 (22.0%)

“Histologic classification based on diagnosis from submitting institution.

bCytopathology preparations include FFPE-processed cell blocks and Diff-Quik smears.

NOS, not otherwise specified; FFPE, formalin-fixed, paraffin-embedded.
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Table 2. Genomic MET Exon 14 Skipping Variants Detected

by DNA-Based Assay

Patient Sample  Genomic Change Variant Frequency %

1 c.3028+1G>C 22.6%
2 €.3028+2T7>C 21.3%
3 c.3028+1G>T 78.5%
4 ¢.3028+2T>G 45.8%
5 c.3018-3028+1 del  41.8%
6 €.3028G>C 77.9%
7 c.3028+2T>A 38.2%
8 c.3028-+1G>T 47.0%
9 c.3023-3028+-8 del  47.7%
10 c.3028+1G>A 8.9%

11 €.3028G>C 43.8%

MET, MET proto-oncogenem receptor tyrosine kinase.

as NSCLC or lung cancer not otherwise specified were
assessed by routine clinical application of the ArcherDx
FusionPlex Solid Tumor assay. Of these, 17 samples were
positive for reads in which exon 13 was “fused” with
exon 15 (i.e, exon 14 was omitted from the transcript)
(see Fig. 1 for an example). The prevalence of MET exon
14 skipping detected by using the RNA-based assay was
4.2%. The proportion positive according to the RNA-
based assay was greater than that according to the
DNA-based assay, as determined by using Fisher’s exact
test (p < 0.01). Tumor histologic types and sample types
for all tested samples are summarized in Table 1. Posi-
tive samples included 22 adenocarcinomas and two
squamous cell carcinomas.
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In all, 286 samples were tested by both assays.
Within this subset of samples, the RNA-based assay
detected 10 positives. Of these, only four were detected
by the DNA-based assay. In the remaining six cases,
sequencing coverage of MET exon 14 was well above the
lower limit of 500, meaning that the false-negative re-
sults were not due to poor sequencing. In this DNA-
based assay, MET exon 14 is covered by two amplicons
(named tile 1 and tile 2). Figure 2 schematically repre-
sents the positions of the primer binding sites for both
amplicons in relation to exon 14. Figure 2 also demon-
strates the approximate positions of selected point mu-
tations and deletions leading to MET exon 14 skipping
that have been reported in the literature." Importantly,
any genomic deletion that ablates sequence within a
primer binding site would be expected to impair primer
binding. Consequently, no amplification of the deleted
allele would occur and no evidence of a deletion would
be called by the analysis algorithm.

Among the samples tested by both assays, six posi-
tives were detected by the DNA-based assay, which
included the four samples that were also positive in the
RNA-based assay. In the remaining two cases, a MET
transcript lacking exon 14 was not detected in the RNA-
based assay; however, the RNA metrics in the assay
revealed poor-quality RNA and the samples were re-
ported as uninformative rather than negative. In total, 61
samples (15.1%) tested by the RNA-based assay failed
postsequencing RNA quality assessment.

.
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Figure 1. Example of positive MET proto-oncogenem receptor tyrosine kinase (MET) exon 14 skipping sample detected by
the RNA-based assay. J-Browse view of next-generation sequencing reads supporting a MET transcript in which exon 14 is
excluded (reads demonstrate direct “fusion”’ of exon 13 to exon 15). Primer binding positions are noted (labeled as GSP2s).
Gray histogram represents sequence depth of reads supporting this transcript.
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RNA-Based Analysis
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Figure 2. Schematic description of shortcomings in the DNA-based assay. (Top left) Representation of primers in the DNA-
based assay used in this study in relation to MET proto-oncogenem receptor tyrosine kinase (MET) exon 14. (Bottom left)
Approximate positions (in relation to exon 14) of previously reported point mutations and deletions (from Frampton et al.").
Deletions that remove significant portions of primer binding sites are predicted to not be detected by the DNA-based assay.
(Top right) Representation of exon 14 exclusion from the MET transcript and positions of primers used in the RNA-based assay.
All variants depicted at bottom left are expected to be detected by the RNA-based assay since exons 13 and 15 remain intact.

del, deletion; ex, exon.

Discussion

In this study, we compared a DNA-based assay and an
RNA-based assay with regard to their ability to detect MET
exon 14 skipping events. Both assays use amplicon-
mediated target enrichment followed by NGS. We found
that the incidence of identified MET exon 14 skipping
events in NSCLC clinical samples was higher when assessed
by the RNA-based assay (4.2% versus 1.3%). Although we
cannot confirm that the two subsets of samples tested by
only one of the assays were equivalent, the large number of
cases involved lessens the risk of a spurious difference due
to cohort bias. In addition, among the samples tested by
both assays, 60% that were positive according to the RNA-
based assay were negative according to the DNA-based
assay. Two samples that were positive via the DNA-based
assay were uninformative in the RNA-based assay due to
poor-quality RNA.

The shortcomings of amplicon-mediated target
enrichment for DNA-based detection of MET exon 14
skipping have been described previously by Poirot
et al."”® In that study, an in silico analysis of eight
different DNA-based assays (including the assay
assessed in this study) that used amplicon-mediated
target enrichment demonstrated that none of them was
able to detect more than 63% of known MET exon 14
skipping variants. As was observed in our study, the
limitation of the DNA-based assays was primer design
that was not intended to capture all known MET exon 14
skipping events.'? Specifically, any variant found outside
of the amplified area(s) or any variant that would

prevent proper primer binding (i.e., deletions that
involve one or more primer binding sites) will not be
detected by these assays. Consistent with the in silico-
predicted deficiency, in our large real-world clinical
utilization study, 60% of the samples positive by the
RNA-based assay were negative in the DNA-based assay.

It should be noted that DNA-based assays using
hybrid capture-mediated target enrichment are less
likely to produce false-negative results in cases of
genomic deletions, particularly if probe/bait design suf-
ficiently covers the region of interest and algorithms to
detect large deletions are used. This is exemplified by the
studies from Frampton et al. and Awad et al,, in which
hybrid capture assays detected a wide variety of MET
exon 14 skipping variants, including large deletions."”

In conclusion, in this study we found that RNA-based
testing identifies a higher rate of MET exon 14 skipping
than does amplicon-mediated DNA-based testing. This is
likely the result of overcoming an inherent limitation to
the DNA-based approach. In RNA-based analysis, detec-
tion is simplified such that, regardless of the underlying
genomic event (even in cases of large deletions), exon 14
skipping simply manifests as a “fusion” of exon 13 to
exon 15 (see Fig. 2). In a broader sense, this study also
highlights the need for careful consideration of molecu-
lar assay limitations. Not all assays that include MET in
covered gene content will detect all known MET exon 14
skipping variants. Therefore, it is critical that clinicians
be aware of assay limitations to properly interpret
results.
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Supplementary Data

Note: To access the supplementary material accompa-
nying this article, visit the online version of the Journal of
Thoracic Oncology at www.jto.org and at https://doi.
org/10.1016/j.jtho.2018.12.020.
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