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ABSTRACT

Aims Osimertinib is a third-generation EGFR (epidermal
growth factor receptor) tyrosine kinase inhibitor that

is effective in non-small cell lung cancer (NSCLC)
harbouring the £GFR T790M mutation. The Idylla EGFR
Mutation Test is a rapid cartridge-based method for
detecting T790M and other EGFR mutations. However,
false negative T790M results have been reported, and
the sensitivity of the assay for this mutation is uncertain.
Methods Eighty NSCLC samples were tested by both
Idylla and a next-generation sequencing (NGS) assay;
46 were from patients at disease progression, and 24 of
these had known T790M mutations. Droplet digital PCR
(ddPCR) was used to confirm NGS findings in samples
with the T790M mutation.

Results Of 19 samples with T790M variant allele
frequencies (VAF) higher than the stated 5% limit

of detection, 14 were detected by Idylla (sensitivity
74%, 95% Cl 49% to 90%). Where sufficient sample
remained, ddPCR was consistent with NGS findings in all
samples. False negative T790M results were associated
with higher EGFR control Cq values (median 22.8 vs
19.8), presence of the EGFR Q787Q polymorphism in

cis (80% vs 44%) and presence of an invalid T790M
amplification curve. An EGFR exon 19 indel with VAF
>5% was also not detected by the Idylla assay in two
samples.

Conclusions The Idylla EGFR Mutation Test has
reduced sensitivity for the T790M mutation compared
with NGS and ddPCR methods. The presence of an
invalid T790M amplification curve may indicate a
possible false negative result that warrants further
testing by an orthogonal method.

INTRODUCTION
Sensitising somatic EGFR (epidermal growth factor
receptor) mutations in non-small cell lung cancer
(NSCLC) are predictive biomarkers of response
to EGFR tyrosine kinase inhibitor (TKI) therapy.
However, resistance to TKI therapy is inevitable,
and one of the main mechanisms of resistance is
acquisition of the EGFR T790M mutation. Tumours
with this mutation are in turn responsive to the
third-generation EGFR TKI, osimertinib. Due to
the often subclonal nature of the T790M muta-
tion, testing methods with low limits of detection
are required;' however, because it is a C>T nucle-
otide change that at low levels may be mimicked
by deamination sequence artefacts,” this needs to be
balanced by sufficient test specificity.

Testing for somatic EGFR mutations can be
performed by a number of methods. One method
that is increasingly used is next-generation
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sequencing (NGS), which can test hundreds to thou-
sands of genes/targets at one time, detect a range
of mutation types, and has low limits of detection
suitable for somatic testing applications.> However,
turnaround times are typically longer compared
with other methods due to batching and assay
requirements, which can lead to delays in patients
receiving therapy. Further, NGS requires expensive
sequencing instruments, facilities to accommodate
pre-PCR and post-PCR processes, staff with molec-
ular pathology expertise, and may require sample
transport to centralised laboratories that have such
capabilities.

The Idylla EGFR Mutation Test is a cartridge-
based testing solution that tests directly from
formalin-fixed paraffin-embedded (FFPE) tissue
sections without the need for DNA extraction.*
This assay detects EGFR mutations in exons 18,
19, 20 and 21, including T790M in exon 20, with
a limit of detection of ‘<5% for most prevalent
EGFR mutations’ (Technical Sheet Idylla EGFR
Mutation Test, September 2019). This assay allows
laboratories to perform EGFR testing without
sequencing equipment, staff with extensive molec-
ular pathology experience, or the need to batch
samples; it also offers faster turnaround times and
may have lower sample requirements compared
with other methods.’

Many studies have compared the test perfor-
mance of the Idylla EGFR assay to other methods,
including targeted PCR-based assays, mass spec-
trometry, droplet digital PCR (ddPCR), Sanger
sequencing, pyrosequencing and NGS.>™* Several
of these studies have reported T790M false nega-
tive results;’” 1° 1115 however, the true sensitivity
of the Idylla assay for the T790M mutation remains
uncertain, as past studies have reported isolated
cases or have used the assay outside of manufac-
turer instructions (eg, by using extracted DNA as
the input instead of FFPE tissue sections).

This study aims to compare the performance of
the Conformité Européenne (CE) marked in vitro
diagnostic device (IVD) Idylla EGFR Mutation
Test to a clinically accredited NGS assay, applied
to patients at time of lung cancer diagnosis and in
patients with disease progression while on EGFR
TKI therapy. This study also aims to correlate any
identified discordant results with sample-specific
factors that may be useful in alerting laboratory
users to the possibility of a false negative result.

METHODS
This study included a subset of NSCLC samples
referred to the Sullivan Nicolaides Pathology
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Figure 1 T790M variant allele frequency by NGS versus Idylla EGFR

control Cq values. Each dot represents a sample with a known T790M
mutation detected by NGS. Larger dots represent samples for which
the Q787Q polymorphism is in cis with the T790M mutation. Arrows
indicate samples where the T790M mutation was not detected by the
Idylla EGFR Mutation Test. The dashed horizontal line represents the
stated 5% limit of detection for the Idylla assay. NGS, next-generation
sequencing.

laboratory for clinical EGFR mutation testing between December
2018 and September 2019. For all samples, H&E-stained tissue
sections were reviewed by a histopathologist or senior histopa-
thology scientist for mark-up of the tumour region and estima-
tion of tumour cellularity. A minimum of 10% tumour cellularity
and 100 tumour cells was required to be eligible for testing.
The Idylla and NGS assays were performed using 4 um thick
unstained FFPE tissue sections cut from the same FFPE block.
Scraping of tissue sections for loading onto the Idylla or for
DNA extraction occurred on immediately sequential slides (eg,
if sections numbered 2—4 were used for loading onto the Idylla,
sections 5—7 were used for DNA extraction or vice versa). If a
sample required macrodissection to enrich for tumour cells, this
was performed for both NGS and Idylla.

The Idylla EGFR Mutation Test (Biocartis, Mechelen,
Belgium) was performed according to manufacturer instruc-
tions as described previously,” 7 and analysed using the Idylla
Explore analysis software (V.3.2). For NGS testing, DNA was
extracted from unstained FFPE tissue sections using the Qiagen
GeneRead FFPE DNA Kit (Qiagen, Hilden, Germany), which
includes a uracil-N-glycosylase step to reduce the prevalence
of deamination artefacts. DNA quantity and amplifiability
were assessed using the Qubit dsDNA HS Assay Kit (Thermo
Fisher Scientific, Massachusetts, USA) and the Illumina FFPE
QC Kit (Illumina, San Diego, USA), respectively. NGS library
construction was performed using Contextual Genomics FIND
IT Cancer Hotspot Panel v4 primers (Contextual Genomics,
Vancouver, Canada) and the Nextera XT DNA Library Prep Kit
v2 ([llumina, San Diego, USA). Libraries were sequenced on the
Illumina MiSeq instrument using v2 sequencing chemistry and
2x150bp paired-end reads. FASTQ files were analysed using
a proprietary bioinformatics pipeline provided by Contextual
Genomics. This assay has been validated to ISO 15189 clinical
accreditation standards in this laboratory.

Samples were only included in this study if they passed
quality control criteria for both NGS and Idylla. Provided suffi-
cient sample remained, discordant T790M cases were tested
by ddPCR, using the T790M PrimePCR ddPCR Mutation
Detection Assay Kit and the QX200 ddPCR system (Bio-Rad,
Hercules, USA) as per manufacturer instructions.

RESULTS

Eighty samples were tested by both the Idylla and NGS assays.
Thirty-four samples (43%) were from patients referred at time
of lung cancer diagnosis, 45 samples (56%) were from patients
referred due to disease progression while on EGFR TKI therapy,
and 1 sample was referred for C797S testing in a patient being
treated with osimertinib. Of 34 samples referred at time of diag-
nosis, 8 were cell blocks (24%), 14 were core biopsies (41%) and
12 were surgical resection samples (35%). Of 46 referred for
T790M or C797S testing, 11 samples were cell blocks (24%), 30
were core biopsies (65%) and 5 were surgical resection samples
(11%). The Idylla EGFR control Cq value is the average cycle
quantification value for the EGFR sample processing controls in
each of the five multiplex PCR reactions. As a measure of both
DNA quantity and amplifiability, this value may be impacted by
DNA fragmentation, DNA-protein cross-links or presence of
PCR inhibitors. The control Cq value across all samples ranged
from 17.3 to 28.3 (median 21.5).

Of 80 samples in total, EGFR TKI-sensitising variants were
detected by the NGS assay in 58 (73%). Of these 58, 30 were
exon 19 in-frame indels (52%), 24 were L858R (41%), 3 were
G719 codon mutations (5%) and 1 was S7681 (2%). There
was concordance between the NGS and Idylla assays for these
TKI-sensitising mutations in 53 of 58 samples (91%), at variant
allele frequencies (VAF) ranging from 4.1% to 87.1% (median
21.1). Five samples with EGFR TKlI-sensitising mutations
detected by NGS did not have the mutations detected by the
Idylla assay; 3 samples had exon 19 indels that are not interro-
gated by the Idylla assay, while 2 samples had an exon 19 indel
(NM_005228.3:¢.2237_2255delinsT) that is interrogated by the
assay and was detected by NGS at VAF of 8.6% and 8.7%. The
control Cq values for these discordant samples were 25.1 and
24.0, respectively.

Forty-six samples were specifically referred to identify the pres-
ence of the T790M or C797S mutation, and stated or presumed
to be from patients with disease progression while on EGFR TKI
therapy. Of these, T790M was detected by the NGS assay in 24
samples (54%), at VAF ranging from 1.1% to 47.8% (median
12.7%) (figure 1). All 24 samples harbouring T790M retained
concurrent EGFR activating mutations; 15 of these were detected
with an exon 19 indel, and 9 were detected with L858R. Using
the Idylla assay, 16 of these 24T790M mutations (70%) were
detected; the VAF of the concordant T790M mutations ranged
from 2.2% to 47.8% (median 19.9%) and EGFR control Cq
values ranged from 17.5 to 22.5 (median 19.8). Of the 8 samples
in which T790M mutations identified by NGS were not detected
by Idylla, three had VAF below 5% (1.1%, 2.7% and 4.5%), while
five had VAF above the stated 5% limit of detection of the Idylla
assay (table 1). T790M was detected by NGS in this latter group
at VAF ranging from 8% to 19.7%, and the Idylla EGFR control
Cq values for these samples ranged from 20.6 to 23.5 (median
22.8). Six of the eight samples discordant for T790M showed VAF
comparable to NGS when tested further by ddPCR; two cases
had insufficient remaining sample for further testing. In all other
samples where sufficient sample remained, confirmatory testing
for T790M by ddPCR was consistent with NGS and Idylla findings
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Table 1 Samples for which EGFR T790M mutation status was discordant between Idylla and NGS
Estimated
tumour Idylla EGFR  Presence of invalid T790M VAF by T790M VAF by ddPCR
Case cellularity (%)  control cq amplification curve Q787Qin cis EGFR genotype by NGS NGS (%) (%)
1 35 222 Y Y Exon 19 indel, T790M 19.7 20.1
2 15 234 Y Y Exon 19 indel, T790M 12.5 13.3
3 25 23.5 Y N Exon 19 indel, T790M 12 Insufficient sample
4 10 20.6 Y Y Exon 19 indel, T790M 9 8.6
5 15 22.8 Y Y Exon 19 indel, T790M 8 7.6
6 10 21.7 Y Y L858R, T790M <5 (4.5) <5(3.6)
7 10 23 N N L858R, T790M <5(2.7) Insufficient sample
8 35 22 N N Exon 19 indel, T790M <5(1.1) <5(0.9)

ddPCR, droplet digital PCR; NGS, next-generation sequencing; VAF, variant allele frequency.

(table 2). Therefore, out of 19 samples with T790M mutation VAF
=5%, 14 were detected by Idylla (sensitivity 74%, 95% CI 49% to
90%). There were no false positive T790M results using the Idylla
assay, with all 16 T790M mutations identified by the assay being
confirmed by NGS.

The Idylla Explore analysis software allows users to view ‘invalid’
amplification curves, which do not pass the system’s threshold for
reporting but may indicate the presence of an undetected T790M
mutation.”” Of the eight discordant samples, six had invalid
amplification curves for the T790M mutation, while two samples
(both with T790M VAF <5%) did not (figure 2). None of the 56
samples which were true negative for T790M (as determined by
NGS) showed evidence of an invalid T790M amplification curve.

The EGFR Q787Q (p.GIn787Gln) mutation is a common popu-
lation polymorphism that is present in over 52% of alleles in the
gnomAD database. It is known to interfere with the detection of
T790M by allele-specific PCR methods.'®!” Of the 16 samples in
which T790M status was concordant between NGS and Idylla, the
Q787Q polymorphism was detected in cis with T790M in 7 (44%)
of these samples. Of the five samples in which T790M was not
detected by Idylla, despite being detected by NGS at VAF>5%, the
Q787Q polymorphism was detected in cis with T790M in 4 (80%)
of these samples.

DISCUSSION

The Idylla EGFR Mutation Test has reduced sensitivity for the
EGFR T790M mutation compared with an NGS assay, especially
in samples with higher EGFR control Cq values (indicating lower
quantities of amplifiable DNA) and/or presence of an in cis Q787Q
polymorphism. The presence of an invalid T790M amplification
curve may be an indicator of a false negative T790M result in this
setting.

The Q787Q polymorphism was present in cis in a higher
proportion of false negative cases than in true positive cases (80%
vs 4490). Although interference of the Idylla assay by this poly-
morphism is therefore plausible, the primer and probe sequences
utilised by the Idylla EGFR Mutation Test are proprietary and
interference cannot be conclusively deduced or excluded. Estab-
lishing interference would require further study using the primers
utilised by the test, and varying the primer sequences to note how
this variation affects amplification of the allele with and without
the polymorphism in cis. However, even if the polymorphism does
affect this assay, it cannot be sufficient on its own to cause a false
negative result, as seven cases with the polymorphism in cis had
concordant positive T790M results. Similarly, although the median
control Cq value in the false negative T790M group was higher

Table 2 Samples for which EGFR T790M mutation status was concordant between Idylla and NGS

Estimated
tumour Idylla EGFR  Presence of invalid T790MVAF  T790M VAF by ddPCR
Case cellularity (%)  control cq amplification curve Q787Qin cis EGFR genotype by NGS by NGS (%) (%)
9 50 18.8 N/A N L858R, T790M 47.8 48.5
10 15 20.1 N/A N Exon 19 indel, T790M 32.0 325
1 40 19.9 N/A N Exon 19 indel, T790M 31.1 Insufficient sample
12 40 20.3 N/A N L858R, T790M 285 28.0
13 15 225 N/A N Exon 19 indel, T790M 23.7 Insufficient sample
14 60 19.6 N/A N Exon 19 indel, T790M 22.9 225
15 25 18.2 N/A Y L858R, T790M 22.0 225
16 70 175 N/A Y Exon 19 indel, T790M 211 213
17 50 19.9 N/A N Exon 19 indel, T790M 18.6 16.2
18 20 17.5 N/A Y L858R, T790M 14.6 Insufficient sample
19 20 20.9 N/A Y Exon 19 indel, T790M 12.8 13.1
20 60 19.3 N/A N L858R, T790M 11.9 11.9
21 50 183 N/A Y Exon 19 indel, T790M 11.2 10.4
22 40 19 N/A Y L858R, T790M 8.5 Insufficient sample
23 35 20.2 N/A N Exon 19 indel, T790M 3.6 3.0
24 15 223 N/A Y L858R, T790M 2.2 Insufficient sample

ddPCR, droplet digital PCR; N/A, not applicable; NGS, next-generation sequencing; VAF, variant allele frequency.
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than that of the true positive T790M group (22.8 vs 19.8), T790M
was detected in samples with control Cq values as high as 22.5,
showing that we could not establish a clear control Cq threshold
for predicting potential false negative results.

An invalid T790M amplification curve was observed in all
discordant samples with T790M present at VAF >5%, and in one
sample in which the VAF was 4.5%. However, it was not observed
in two discordant samples with T790M present below VAF <5%,
nor was it observed in 56 other samples known to be true negative
for T790M on NGS. These results suggest that an invalid T790M
amplification curve may be a sensitive and specific predictor of
the presence of an undetected T790M mutation. However, these
results do not speak to the specificity of invalid amplification curves
for non-T790M mutations on this platform, as invalid curves were
observed in many samples for exon 19 indels despite being absent
on NGS.

Past studies have examined the performance of the Idylla EGFR
Mutation Test in patients with known T790M mutations, or in
patients tested at time of disease progression (who may harbour
a T790M mutation).”” *™* Many of these studies have similarly
reported discordant T790M results using the Idylla assay, as
well as for other actionable EGFR mutations, in comparison to
reference methods.”” 1° 1" 15 These studies have reported on use
of the Research Use Only assay’ '° ' as well as the CE-marked
IVD assay.®” "> Explanations provided for these discordances have
included insufficient tumour material, tumour heterogeneity, or
mutations being present below the stated 5% limit of detection.
Patients with known T790M mutations were typically a small frac-
tion of these study cohorts, and the few discordant T790M results
observed in each study may not have been sufficient to arouse
suspicion of reduced sensitivity. The exception to this is the study
by Bocciarelli et al, which tested 29 samples with known T790M

mutations, and similarly reported a test sensitivity of 65.5%
for the T790M mutation as compared with an NGS method.
However, this study directly deposited extracted DNA into the
Idylla cartridges, rather than tissue sections (as per manufacturer
instructions), thereby limiting its external validity for the majority
of users. The primary finding of our study is therefore supported
by the frequency and consistency of discordant T790M results
reported in the literature.

There has been conjecture about the clinical relevance of somatic
mutations present at low VAE,'® which may be due to the presence
of minor subclones or low tumour cellularity in the sample being
tested. Given that five out of eight discordant samples had esti-
mated tumour cellularity of 109%-15%, it is likely that the low VAF
observed are due to low tumour cellularity in the biopsy specimen.
In other words, it is likely to be present in a significant proportion
of cells in the tumour proper, and therefore of clinical significance
to therapy selection.

A limitation of this study and others that compare the Idylla to
other platforms is that the Idylla consumes the tissue sections used
to perform the test. As such, different tissue sections are used for
each method, and these may differ in their genotype or VAF due
to tumour heterogeneity. However, our study used immediately
sequential tissue sections for Idylla and DNA extraction to mini-
mise this possibility. Further, our primary finding of recurrent false
negatives for the T790M mutation has been replicated in multiple
other studies, including Bocciarelli et al, in which the same DNA
extract was used for both NGS and Idylla testing. "

There are a number of broader implications stemming from this
study. First, there is a significant risk of a false negative result for
the T790M mutation if one relies only on the proprietary pass/fail
quality metrics inherent to the Idylla system. Bocciarelli ef al have
proposed a testing algorithm in which all samples with control Cq

46

Lee E, et al. J Clin Pathol 2021;74:43-47. doi:10.1136/jclinpath-2020-206527

"1ybuAdoo Ag paroaiold feundsoH
pue Areiqi [edlpalN AusiaAlun [euonen [noss e TZ0z ‘ZT Arenuer uo /wod (wg dalj:dny woiy pspeojumoq "020Z AN 82 U0 £25902-020Z-Ureduldl/9eTT 0T Se paysiand isiy :joyred uld ¢


http://jcp.bmj.com/

Original research

values>25 are retested by another method; however, given that all
of our discordant samples had control Cq values<25, we disagree
with this recommendation. Our study did not establish a clear
control Cq threshold below which a false negative T790M result
could be excluded. Further, the presence of the Q787Q polymor-
phism and its phase can only be established if a sequencing assay
such as NGS is used, and therefore, it also cannot be used as a
predictive factor. However, the presence of an invalid amplifica-
tion curve may be a predictor of a false negative result requiring
further testing. An even more conservative approach would be
for all samples from patients tested at disease progression to be
retested by another method such as NGS or ddPCR, if no T790M
mutation is identified. Provided sufficient sample is available for
multiple testing methods, this would still allow laboratories to take
advantage of the rapid turnaround afforded by the Idylla assay
while minimising the potential for false negative results.

Our findings suggest a need for manufacturers to accurately
characterise assay performance in ‘real world” samples with poorer
or more variable quality. In the current Idylla IFU, the highest
EGEFR control Cq value for which limits of detection have been
characterised is 21.3. However, 42 of 80 (53%) samples tested in
our cohort, referred from a variety of pathology laboratories, had a
control Cq value higher than 21.3. The expected test performance
data applicable to such samples is therefore not available.

In the USA, the third-generation EGFR TKI osimertinib has
been approved by the Food and Drug Administration for first-line
therapy in patients with NSCLC and a sensitising EGFR mutation."”
It has been shown to have superior efficacy as first-line therapy
compared with older TKIs, as well as having efficacy against
central nervous system metastases.'” 2 The sensitivity of assays
for T790M, which typically arise in response to first-generation
and second-generation EGFR TKI therapy, may therefore become
less clinically relevant. However, the two false negative exon 19
indel cases identified in this study may indicate that the issue is
not limited to T790M. We, therefore, suggest that further manu-
facturer validation data and/or continued research to explore the
analytical limits of the Idylla platforms are warranted. Of particular
interest is the impact of control Cq values on the limit of detection
for other genes/mutations targeted by these assays, and whether Cq
values corresponding to various levels of sensitivity can be defined.

The Idylla EGFR Mutation Test has lower sensitivity than NGS
for the T790M mutation, especially in samples with higher Idylla
EGFR control Cq values and/or the Q787Q polymorphism in cis,
and an invalid amplification curve may be a sensitive and specific
predictor of the presence of an undetected T790M mutation. In
patients with clinical progression on first-generation or second-
generation EGFR TKI therapy, the absence of an EGFR T790M
mutation on the Idylla EGFR Mutation Test may warrant further
testing by orthogonal methods.

Take home messages

» Osimertinib is a third-generation EGFR tyrosine kinase
inhibitor that is effective in non-small cell lung cancer with
the EGFR T790M mutation.

» The Idylla EGFR Mutation Test has reduced sensitivity
for detecting the T790M mutation compared with next-
generation sequencing and droplet digital PCR methods,
especially in samples with higher Idylla EGFR control Cq
values and/or the Q787Q polymorphism in cis.

» The presence of an invalid T790M amplification curve may
indicate a possible false negative result that warrants further
testing by an orthogonal method.

Handling editor Runjan Chetty.
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