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ABSTRACT

Objectives:  Management of colorectal cancer warrants 
mutational analysis of KRAS/NRAS when considering 
anti–epidermal growth factor receptor therapy and BRAF 
testing for prognostic stratification. In this multicenter 
study, we compared a fully integrated, cartridge-based 
system to standard-of-care assays used by participating 
laboratories.

Methods:  Twenty laboratories enrolled 874 colorectal 
cancer cases between November 2017 and December 2018. 
Testing was performed on the Idylla automated system 
(Biocartis) using the KRAS and NRAS-BRAF cartridges 

Key Points

	•	 The Idylla has a rapid and accurate turnaround time.
	•	 Actionable mutations in KRAS, NRAS, and BRAF can be detected by this 

cartridge-based system.
	•	 Ease of use makes this very suitable for laboratories that may not have 

much molecular expertise.
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(research use only) and results compared with in-house 
standard-of-care testing methods.

Results:  There were sufficient data on 780 cases to 
measure turnaround time compared with standard assays. 
In-house polymerase chain reaction (PCR) had an 
average testing turnaround time of 5.6 days, send-out PCR 
of 22.5 days, in-house Sanger sequencing of 14.7 days, 
send-out Sanger of 17.8 days, in-house next-generation 
sequencing (NGS) of 12.5 days, and send-out NGS of 
20.0 days. Standard testing had an average turnaround 
time of 11 days. Idylla average time to results was 4.9 days 
with a range of 0.4 to 13.5 days.

Conclusions:  The described cartridge-based system 
offers rapid and reliable testing of clinically actionable 
mutation in colorectal cancer specimens directly from 
formalin-fixed, paraffin-embedded tissue sections. 
Its simplicity and ease of use compared with other 
molecular techniques make it suitable for routine clinical 
laboratory testing.

In 2009, KRAS exon 2 testing was established in both 
European and US clinical practice guidelines as a predic-
tive marker of  response to anti–epidermal growth factor 
receptor (EGFR) therapy in patients with metastatic co-
lorectal cancer. Evidence from the PRIME, CRYSTAL, 
OPUS, and other studies of  EGFR monoclonal anti-
body therapies has shown that mutations in KRAS exons 
3 and 4 and NRAS exons 2, 3, or 4 are also predictive of 
a lack of  response to the anti-EGFR antibody therapies 
cetuximab (Erbitux; Lilly) and panitumumab (Vectibix; 
Amgen).1-4 In 2015, the American Society of  Clinical 
Oncology (ASCO) provided a provisional clinical up-
date to include recommendations for expanded RAS 
(KRAS and NRAS) mutation testing in all patients with 
mCRC at diagnosis of  stage IV disease when considering 
use of  EGFR-targeted therapies, and a guideline state-
ment was provided by the American Society for Clinical 
Pathology (ASCP), College of  American Pathologists 
(CAP), Association for Molecular Pathology (AMP), 
and ASCO in 2017.5,6

Further analyses of the CRYSTAL study data and the 
COIN trial data showed that BRAF mutation at codon 
600 is an indicator of poor prognosis for patients with 
mCRC as it is associated with shorter progression-free 
survival and overall survival, regardless of treatment.7,8 
With the evidence produced by these study data, the 2017 
ASCP/CAP/AMP/ASCO guidelines for colorectal cancer 

were updated to also include recommendations for BRAF 
V600 mutational analysis in all patients with mCRC at 
the time of diagnosis of stage IV disease for prognostic 
assessment.6

Determination of  biomarker mutational status in 
patients with mCRC has been facilitated by the imple-
mentation of  commercial and laboratory-developed 
assays employing polymerase chain reaction (PCR), 
Sanger sequencing, or next-generation sequencing 
(NGS) technologies.9-11 While beneficial in being able 
to provide a patient’s biomarker status, these assays 
and technologies have limitations, including physical 
separation of  laboratory space for sample preparation 
and analyses, the cost and infrastructure needed to im-
plement these technologies, and/or the requirement of 
highly experienced molecular laboratory personnel to 
run these assays.

Several manufacturers attempted to develop NGS 
platforms more suitable for small sample batch size runs 
and reagent kits that target small numbers of cancer-
related genes, some of which are clinically actionable and 
others that have a potential to become clinically action-
able. In addition, vendors have developed informatics 
pipelines to annotate and curate NGS data. While some 
claims for a 5-day turnaround time have been made, 
most laboratories return results within 7 to 14 days. This 
window of time is clinically relevant as it also depicted the 
time interval from diagnosis to first visits with oncologists 
to determine treatment strategies. As the field progresses, 
increasing numbers of tumors are being sent for genomic 
profiling, new therapies continue to be introduced, and 
claims for these and older therapies to be used in other 
tumor types and at earlier intervals are being approved. 
These advances have challenged the workflow and turna-
round times set by most laboratories and have prompted 
laboratories to look for mechanisms to streamline opera-
tions and to meet growing clinical needs.

In 2017, Biocartis introduced the Idylla system to 
the US market. This platform is a simple, cartridge-
based system capable of  qualitative detection of  a se-
lect number of  somatic variants in clinically actionable 
cancer-related genes.12 The test system uses a single 
formalin-fixed, paraffin-embedded (FFPE) tissue sec-
tion placed directly into a test cartridge, which is then 
inserted into the instrument with biomarker results re-
turned within 2 hours.

Here we describe the RAS/BRAF multicenter bio-
marker study that was initiated by Biocartis and spon-
sored by Amgen in June 2017. The primary objectives 
of the study were to assess the time to result between the 
participating institutions’ standard-of-care (SOC) testing 
and the Biocartis Idylla system for KRAS, NRAS, and 
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BRAF variant testing in colorectal cancer (CRC) and to 
measure the gene variant concordance rates between the 
SOC technologies and the Idylla system.

Materials and Methods

Study Design

This multicenter study included participation of 20 
sites throughout the United States and Puerto Rico with 
an enrollment of 874 CRC samples. This was an observa-
tional study, and none of the Idylla results were reported 
for diagnostic or treatment decisions. A Clinical Research 
Organization partner (Vital Systems) was enlisted to fa-
cilitate Western Institutional review board/institutional 
review board (IRB) approvals at the sites and to manage 
the data collected during the study. Idylla systems were 
installed at each site, and laboratory personnel assigned 
to the study were trained on the platform and completion 
of the case report forms.

Study Sites

Site enrollment was initiated in November 2017 and 
ended in December 2018. Twenty sites, including 11 (55%) 
medium- and large-sized hospitals, three (15%) specialty 
cancer centers, two (10%) small hospitals, and four (20%) 
pathology or oncology practices and reference laboratories 
were recruited and agreed to participate in this study. The 
sites used a diversity of technologies for SOC somatic var-
iant testing—six (30%) of the sites used in-house NGS, 
nine (45%) sent out their NGS testing, and five (25%) used 
both in-house and send-out testing with a combination of 
PCR, NGS, and Sanger sequencing technologies. In this 
study, 75.1% of the SOC samples were analyzed by NGS, 
15.4% by PCR, 3.8% by Sanger sequencing, and 5.6% by a 
combination of these or other technologies.

Seventy percent (14/20) of the sites routinely tested for 
KRAS, NRAS, and BRAF in their CRC cases while six of 
the sites tested for one or more of these genes separately 
depending on the ordering clinician. For this study, all sites 
tested for variants in all three genes using the Idylla system 
with the KRAS cartridge and the combined NRAS/BRAF 
gene cartridge. The Idylla system is a cartridge-based assay 
where the user inserts a single section of FFPE tissue sand-
wiched between two small pieces of filter paper section into 
the cartridge. The cartridge is then inserted into the Idylla 
instrument with results being available within 2 hours. All 
steps in these real-time PCR-based assays are performed 
within the single-use, disposable cartridge. One cartridge 
is used specifically for KRAS mutation detection, and a 
second cartridge is specific for BRAF/NRAS mutations.

Samples

All patients with CRC being tested for KRAS, NRAS, 
and/or BRAF somatic variants as per institutional SOC 
practices were eligible for this study. For the study, sam-
ples were selected with a minimum neoplastic tumor con-
tent of 10% to maintain parity between SOC technologies 
and Idylla. Sample collection began in January 2018 and 
ended in March 2019. A data collection sheet accompanied 
each sample collected and included demographic informa-
tion as well as diagnosis and time to test results for SOC 
testing and Idylla testing. Workflow diagrams were created 
for each site to document the sample journey for both SOC 
and Idylla testing and to document the average and range 
of days required for receipt of results by the oncologist.

Results

Sample Tracking

Representative study site workflow diagrams for 
in-house biomarker testing by PCR and NGS as well 
as send-out biomarker testing by NGS were developed 
❚Figure 1❚. SOC results from in-house biomarker testing 
were typically available within 7 to 14 days after physician 
ordering while send-out NGS test results were available 
within 20 to 30 days after initial ordering.

Samples

A total of 874 CRC samples were enrolled into the 
study. For the 574 samples in which biomarker test order 
date, age, and sex were reported, 273 (47.6%) were from 
women and 301 (52.4%) from men. Ages for 22 (8.1%) 
of the women and 13 (4.3%) of the men were younger 
than 40 years, 226 (82.8%) of the women and 266 (88.4%) 
of the men were between 41 and 80 years, and 25 (9.1%) 
of the women and 22 (7.3%) of the men were older than 
81 years ❚Figure 2❚. Ethnicity and race were not uniformly 
reported due to differences in the individual institutions’ 
IRB requirements.

Information collected on tumor stage by the sites 
was optional and available for 356 of 874 samples. Tumor 
stage included 32 (9.0%) cases classified as stage I, 79 
(22.2%) cases classified as stage II, 82 (23.0%) cases clas-
sified as stage III, and 163 (45.8%) classified as stage IV. 
Sample enrollment was open to any CRC sample that 
was eligible for biomarker testing as determined by the 
ordering physician (including stages I and II). Although 
31.2% of the samples had biomarker testing performed at 
stages I and II, this may not be indicative of reflex testing, 
as tumor staging data were available on less than half  of 
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the samples. However, the data are consistent with genetic 
testing mostly being performed in later stage advanced 
disease.

Furthermore, 745 (85.2%) of the 874 SOC samples 
were tested for all three biomarkers while 129 (14.8%) of 
the SOC samples only had partial biomarker testing per-
formed. Interestingly, despite National Comprehensive 
Cancer Network (NCCN) guideline recommendations 

for testing CRC cases for variants in KRAS, BRAF, and 
NRAS, the practice is not uniform among institutions 
with respect to which cases and genes are tested.

Turnaround Times

For 18 of  the 20 participating sites, on the case 
report forms, there were sufficient data on 780 
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❚Figure 2❚  Age vs sex demographics for the 574 samples in which biomarker test order date, age, and sex were reported.
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❚Figure 1❚  A, Example of an in-house polymerase chain reaction–based workflow for RAS biomarker testing. Times for the var-
ious assay steps are averages or ranges. The Idylla impact on workflow is shown in brackets. B, Example of an in-house next-
generation sequencing (NGS)–based workflow for RAS biomarker testing. Times for the various assay steps are averages or 
ranges. The Idylla impact on workflow is shown in brackets. C, Example of a send-out NGS-based workflow for RAS biomarker 
testing. Times for the various assay steps are averages or ranges. The Idylla impact on workflow is shown in brackets. EMR, 
electronic medical record; FFPE, formalin fixed, paraffin embedded.
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samples to measure the time to result on the SOC and 
matching Idylla samples tested (the two sites without 
data were oncology clinics where it was difficult to 
obtain accurate information on sample shipped/
testing start times).

Workflow turnaround times were calculated for the 
data set using the following time points: when the gene 
variant testing was ordered by the clinician, when the 
sample was shipped or if  there was no shipment when 
the biomarker testing started, the results received by 
the pathologist, and the results received by the oncolo-
gist. For the Idylla turnaround times, it was assumed that 
preanalytic ordering, block preparation, sectioning, and 
sample review times remained the same as SOC workflow. 
Since no Idylla results were reported to the oncologist, 
postanalytic reporting timelines were also assumed to be 
the same as the SOC workflow.

Turnaround times for the different SOC tech-
nologies were also calculated for the 780-sample data 
set ❚Table 1❚. In-house PCR-based assays were re-
ported to have an average testing turnaround time of 
5.6 days, send-out PCR of  22.5 days, in-house Sanger 
sequencing of  14.7 days, send-out Sanger sequencing 
of  17.8 days, in-house NGS of  12.5 days, and send-
out NGS of  20.0  days. A  combination of  in-house 
and send-out testing or other methodologies had an 
average turnaround time of  11 days.

It should be noted that there were 14 invalid/quantity not 
sufficient (QNS) samples by SOC and 10 QNS samples for 
Idylla that were included in this data set. Timeline measure-
ments for biomarker testing began when a sample was shipped 
or testing initiated regardless of technology and ended when 
the results were received by the clinicians. The QNS sample 
timelines were therefore both measurable and applicable to re-
porting a nonresult to the clinician.

The expected benefit of the Idylla system is the 
ability to generate targeted yet clinically actionable so-
matic variant results very quickly compared with most 
other molecular-based methods that require DNA extrac-
tion prior to any type of downstream testing being per-
formed. On average across all sites, the SOC time to result 
was 15.0 days—3.7 days from testing ordered to sample 
shipped/testing started, 10.1  days from sample shipped/
testing started to result to pathologist, and 1.2 days from 
result to pathologist to result to oncologist ❚Figure  3A❚. 
This is in stark contrast to the average Idylla time to result 
of 4.9 days, with a range of 0.4 to 13.5 days. Idylla results 
were, on average, available 10.1 days sooner with a range 
of 3.3 to 20.5 days of time saved depending on the SOC 
technology ❚Figure 3B❚.

Concordance

Of the 874 CRC samples analyzed for concordance, 
there were 14 invalid/QNS samples by SOC (1.6%) and 10 
for Idylla (1.1%). These samples were removed from con-
cordance analyses, resulting in an overall study sample 
size of  850. Biomarker concordance rates between the 
different SOC technologies and the Idylla system were 
analyzed on an individual mutation basis and on a clin-
ical treatment basis. On an individual mutation basis, 
each sample was analyzed by SOC and Idylla to deter-
mine whether the sample was wild type or contained mu-
tations for KRAS, NRAS, and/or BRAF. If  a mutation 
or mutations were present in the sample, concordance 
was examined and recorded on a mutation variant level. 
Concordance on a mutation basis included variants that 
were not stated as being clinically relevant in the current 
NCCN CRC guidelines (eg, BRAF G469 or BRAF D594 
mutations). On a clinical treatment basis, each sample 
was analyzed by SOC and Idylla to determine whether 
the sample biomarker status determined whether the pa-
tient would be eligible for targeted therapy. If  the sample 
was RAS wild type or RAS wild type and BRAF positive, 
it was assumed that the patient would be eligible for tar-
geted therapy such as Vectibix or Erbitux. If  the sample 
contained a KRAS, NRAS, KRAS/BRAF, or NRAS/
BRAF mutation, it was assumed that the patient would 
be eligible for nontargeted therapy.

Accounting for all mutations including those not in 
the Idylla cartridge by design, on an individual muta-
tion basis, the concordance across all sites was 88.6%, 
and on a clinical mutation treatment basis, the concord-
ance across all sites was 94.3% ❚Table 2❚. When the sam-
ples with mutations that were not in the Idylla cartridge 
or those samples discordant due to not being tested for 
one of  the three genes as part of  the SOC were removed 

❚Table 1❚ 
Average Turnaround Time for In-House and Send-Out SOC 
RAS Biomarker Testing by Technologya

Technology
Average  
TAT Days

No. (%) of  
Samples

In-house PCR 5.6 76 (9.7)
Send-out PCR 22.5 42 (5.4)
In-house Sanger sequencing 14.7 3 (0.4)
Send-out Sanger sequencing 17.8 28 (3.6)
In-house NGS 12.5 350 (44.9)
Send-out NGS 20.0 268 (34.4)
Other (combinations:  

technologies, in-house/send-out)
11.0 13 (1.7)

Total  780 (100)

PCR, polymerase chain reaction; NGS, next-generation sequencing; SOC, 
standard of care; TAT, turnaround time.
aThe 780-sample set from the testing timeline data was used for the analysis.
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from analysis, the individual mutation concordance in-
creased to 93%, and the clinical concordance increased 
to 95.9% ❚Table 3❚. All detected mutations in the study 
as well as mutations detected by other SOC technolo-
gies and not included in the Idylla cartridge by design 
are listed in ❚Figure 4❚.

Individual Mutation Rates

Data from COSMIC and My Cancer Genome web-
sites suggest that the variant frequencies of the KRAS, 
NRAS, and BRAF genes in CRC are 36% to 40%, 1% 
to 6%, and 8% to 15%, respectively. Individual gene 
variant frequencies were very similar between routine 
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❚Figure 3❚  A, Standard-of-care (SOC) RAS biomarker turnaround times for each study site and average timelines for sites that sub-
mitted data (n = 780). Timeline data were available for 18 of the 20 sites. Turnaround times were measured from biomarker testing 
ordered to sample shipped or testing started (BTO to SSTS), sample shipped or testing started to date of result to pathologist (SSTS 
to RTP), and date of result to pathologist to date of result to oncologist (RTP to RTO). B, Idylla RAS biomarker turnaround times for each 
study site and average timelines for sites that submitted data (n = 780). Timeline data were available for 18 of the 20 sites. Turnaround 
times for Idylla were created using a combination of SOC preanalytical and postanalytical testing timelines in conjunction with Idylla 
sample testing timelines. Preanalytical timelines were assumed to be the same as SOC for biomarker testing ordered to sample 
shipped or testing started (BTO to SSTS), and postanalytical timelines were assumed to be the same for SOC date of result to pathol-
ogist to date of result to oncologist (RTP to RTO). The sample shipped or testing started date to date of result to pathologist (SSTS to 
RTP) substituted the SOC actual testing times with the Idylla testing time on the corresponding sample.
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SOC procedures and the Idylla cartridge-based assays, 
indicating that the targeted variants tested for in the car-
tridge were readily identified in CRC without the need for 
additional testing to detect other actionable mutations 
outside of those in the cartridge that may have been de-
tected by SOCs. In the concordance data set (n = 850), 
both SOC and Idylla testing detected a 43% KRAS mu-
tation rate; for NRAS, SOC and Idylla mutation detec-
tion rates were 5% and 6%, respectively; and for BRAF, 
SOC and Idylla detection rates were 11% and 9%, respec-
tively ❚Figure  5A❚. CRC cases that had no variants de-
tected (classified as wild type) included 43% of samples 
tested in both SOC methods and the Idylla assays. On a 
clinical basis for this sample set, the KRAS/NRAS mu-
tation frequency was 47% by SOC vs 48% by Idylla. The 
KRAS/BRAF mutation frequency by SOC was 1% vs 0% 
by Idylla, and RAS wild type/BRAF mutation frequency 
by both SOC and Idylla was 52% ❚Figure 5B❚.

Invalids and Discordants

Analyzing all clinically relevant and nonclinically 
relevant mutations in the 850 concordance sample data 
set, there were 86 (10.1%) discordant samples compared 
with the validated SOC procedure ❚Table 4❚. A discordant 
rate of 10.1% should not be considered excessive when 
comparing results across different detection technologies 
since there are variations in sensitivity (eg, NGS, PCR, 
and Sanger sequencing) and site determination of their 
SOC biomarker panels. Discordant samples were categor-
ized as mutations not included in the Idylla cartridge by 
design, false positives, false negatives, sensitivity related 
where there were borderline results that were either close 
to assay cutoffs or not detectable due to technology lim-
itations, variant cross-reactivity where genetic sequences 
were close together in the genome and identified different 
mutation variants but provided the same clinical result 
(eg, KRAS G12V and G12D), and unknown or unde-
termined reasons. For classification of false positives 
and false negatives, SOC NGS was considered the gold 
standard. However, for other SOC technologies to be con-
sidered as a gold standard in discrepancy adjudication, 

vendor information was reviewed to determine if  the 
system could detect the biomarker in question. For ex-
ample, other PCR systems could not detect the KRAS 
Q61H mutation as it is not in the vendor’s SOC biomarker 
panel by design and was therefore classified as a tech-
nology- or assay-related discordant. All discrepant results 
and data were reviewed by the sites, Idylla PCR curves 
were analyzed by Biocartis, and, whenever possible, the 
assay was rerun on Idylla and/or SOC if  sufficient sample 
remained.

Of the 86 discordant samples, 29 (33.7%) were due to 
mutations not included in the Idylla cartridge by design and 
did not have a significant impact on the clinical concordance. 

❚Table 2❚ 
Average Concordance on an Individual Mutation Basis and the 
Average Clinical Concordance After Removing the Quantity Not 
Sufficient/Invalid Samplesa

Characteristic %

Average individual mutation agreement 88.8
Range overall agreement 75-100
Average clinical concordance 94.3
Range clinical concordance 80-100

aRanges across all of the individual sites are also included.

❚Table 3❚ 
Average Concordance on an Individual Mutation Basis and the 
Average Clinical Concordance After Removing the Quantity 
Not Sufficient/Invalid Samples, the Mutations Not in the Idylla 
Cartridge by Design, and Discrepant Samples Not Tested as 
Standard of Carea

Characteristic %

Average individual mutation agreement 93
Range overall agreement 79-100
Average clinical concordance 95.9
Range clinical concordance 79-100

aRanges across all of the individual sites are also included.

KRAS G12A
KRAS G12C
KRAS G12D
KRAS G12N*
KRAS G12R
KRAS G12S
KRAS G12V
KRAS 12W*
KRAS G13C*
KRAS G13D
KRAS G13H*
KRAS G13R*
KRAS K117
KRAS A146
KRAS Q61
KRAS Q22K*
KRAS p11e*
KRAS L19F*
KRAS P34L*
KRAS T20M*
KRAS T58I*

KRAS Mutations
NRAS G12D
NRAS G12F*
NRAS G12A/V
NRAS G13C
NRAS G13A/R/V
NRAS G15E*
NRAS G60*
NRAS A146
NRAS A155V*
NRAS Q61
NRAS pARG102*
NRAS c553C>T*

NRAS Mutations
BRAF V600E
BRAF V600K
BRAF G469A/R/V**
BRAF G464V**
BRAF D594G**
BRAF A322T**
BRAF D601**
BRAF N581L**
BRAF K601E**

BRAF Mutations

❚Figure 4❚  Mutations detected in the study and frequency 
of mutations expected in colorectal cancer. Mutations in 
red are not identified by Idylla. The highlighted RAS muta-
tions (*) are rare variants with prevalence frequencies less 
than 1.0%, most of which are not identified in the COSMIC 
database. These RAS variants are not in the Idylla cartridge 
by design and only represent 1.4% of the concordance 
discrepancies. The highlighted BRAF mutations (**) are not 
in the current National Comprehensive Cancer Network 
guidelines as prognostic or predictive indicators of disease 
progression.
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Fifteen (17.4%) were discrepant (false) positives, 14 (16.3%) 
were due to mutations identified by Idylla but not performed 
by the SOC method, nine (10.5%) instances of discordance 
were due to unknown reasons, six (9.3%) were due to possible 
variant cross-reactivity, seven (8.1%) were technology or assay 
sensitivity related, and six (7.0%) were discrepant (false) nega-
tives. Also, within the 86 discordant sample set, there were 
five additional instances of discordance due to double muta-
tions identified by NGS (eg, both KRAS Q22K and BRAF 
D594G mutations present in a sample and detected by NGS 
but not by Idylla).

Analyzing the data to determine the clinical im-
pact of the discordant samples—that is, whether the 
biomarker results would render the appropriate informa-
tion to assist with therapy selection—the number of dis-
cordant samples with clinical impact was reduced from 

86 to 50 ❚Table 5❚. With 50 clinically discordant samples 
in the 850-sample data set, the discordant rate was 5.7%. 
Of the 50 discordant samples, 12 (24.0%) were due to mu-
tations not included in the Idylla cartridge by design, 13 
(26.0%) were due to mutations identified by Idylla but 
not performed by the SOC method, eight (16.0%) were 
due to unknown reasons, seven (14.0%) were technology 
or assay sensitivity related, six (12.2%) were discrepant 
(false) negatives, and four (8.0%) were discrepant (false) 
positives.

Discussion

Genomic profiling of tumors has become increasingly 
important in precision medicine. However, the process of 

❚Table 4❚ 
Number and Percentages of Discrepant Samples by Categorya

Reasons for Discrepancy (All Mutations)
No. of Discrepant Indi-
vidual Mutations (n = 91)

No. (%) of Discrepant 
Samples (n = 86)

% of Discrepant Samples in the 
Concordance Data Set (n = 850)

Mutations not in Idylla cartridge 32 29 (33.7) 3.4
Biomarker not run as SOC or not in SOC panel 14 14 (16.3) 1.6
Biomarkers run as SOC but discrepant; unknown 9 9 (10.5) 1.1
Discrepant (false) positives 15 15 (17.4) 1.8
Discrepant (false) negatives 6 6 (7.0) 0.7
Sensitivity (SOC or Idylla technology) 7 7 (8.1) 0.8
Possible variant cross-reactivity or identified in 

Idylla Explore software
8 6 (7.0) 0.7

Total discrepant results  10.1

SOC, standard of care.
aDiscordant samples were categorized as mutations not included in the Idylla cartridge by design, false positives, false negatives, sensitivity related where there were 
borderline results that were either close to assay cutoffs or not detectable due to technology limitations, variant cross-reactivity where genetic sequences were close to-
gether in the genome and identified different mutation variants but provided the same clinical result, and unknown or undetermined reasons. In the 850-sample data set, 
there were 91 instances of discordance within 86 samples. The additional five instances of discordance were due to double mutations detected in samples. For example, a 
double mutation could refer to both a KRAS Q22K mutation and a BRAF D594G mutation present in a sample and detected by SOC next-generation sequencing but 
not by Idylla.
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❚Figure 5❚  A, Comparison of the frequency of detection of individual KRAS, NRAS, and BRAF mutations or wild-type (WT) results 
by standard of care (SOC) and Idylla (n = 850). B, Comparison of the frequency of detection of KRAS or NRAS mutations, KRAS 
or NRAS and BRAF mutations, and wild-type results or BRAF mutations by standard of care and Idylla (n = 850).
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identifying the genetic variants can require significant 
technical expertise, as well as be costly and labor-inten-
sive. Turnaround time remains a major issue. Complex 
workflows, especially for NGS assays, can take several 
days, and samples have to be batched to be cost-effective. 
Because of its complexity, smaller centers generally out-
source genotyping of tumors to external molecular pa-
thology laboratories, which causes additional delays.

In this multicenter study, we investigated the utility 
of the fully automated Biocartis Idylla platform for bio-
marker testing in patients with CRC in a variety of clin-
ical laboratory settings and its impact on the time to result 
compared with SOC methods. The study achieved the 
primary objectives of assessing the time to result between 
an institution’s SOC and the Idylla system for genetic bio-
marker testing in patients with CRC and concordance of 
molecular results produced. Turnaround time, regardless 
of how it was measured, was shortened significantly when 
KRAS, BRAF, and NRAS testing was performed with 
the Idylla system. On average, Idylla was able to provide 
biomarker results 10  days earlier than the current SOC 
technologies. The ability of the Idylla system to perform 
testing directly on a single FFPE tissue section provided 
as a curl or unstained slide eliminates the need for separate 
DNA extraction for traditional PCR or sequencing-based 
assays. In addition to the fully automated nature of the 
analysis, the reduced number of preanalytical steps enables 
significant time savings with minimal labor or hands-on 
time. The shortened turnaround time not only provides re-
sults faster but also improves workflow in the laboratory 
by completing case testing in a more timely fashion.

By measuring the process time from the placement of 
the order for biomarker test to results received, the study 
also identified areas for potential improvements in time 
savings, such as the time interval from biomarker test order 

to testing or shipment to an external reference laboratory 
(range, 0.4-11.1 days) and the time of result from the pa-
thologist to reach to the oncologist (range, 0-12 days).

A second objective of the study was to demonstrate 
that the Idylla platform in comparison with different SOC 
technologies provided accurate, comprehensive analysis 
of actionable mutations in CRC samples. The data show 
that the Idylla system is highly comparable with current 
SOC testing methods achieving an average clinical con-
cordance of 95.9%.

One may argue that the Idylla cartridge-based assays 
have a technical limitation, as only select variants can be 
detected with the different cartridges. Clinically, however, 
testing for only those variants deemed truly clinically ac-
tionable in accordance with the current NCCN colon cancer 
guidelines is a major advantage for test result interpreta-
tion.13 Thus, it is rare to receive a result that is questionable 
or of unknown significance with respect to response to a 
particular therapeutic. As laboratories continue to adopt 
NGS, rare and potentially actionable variants will continue 
to be detected more frequently and a system such as Idylla 
will need to modify the variant library within the cartridges.

One other important advantage of the Idylla system 
is that it was able to successfully analyze the RAS and 
BRAF mutational status using only a minimal sample 
input of one 5-μmol/L section of FFPE tissue per car-
tridge, resulting in an invalid rate of only 1.1%. As ex-
perienced throughout the study, samples for NGS SOC 
biomarker testing typically required about 10 sections of 
FFPE tissue for analysis. The Idylla platform offers sig-
nificant tissue stewardship as an added advantage when 
specimen quantity is limited. One of the study sites also 
included several 1-mm CRC punch biopsy samples, 
indicating that even smaller tissue-based specimens can 
be successfully analyzed by Idylla.14 This is in line with 

❚Table 5❚ 
Analysis of the Discrepant Samples With Clinical Impacta

Reasons for Discrepancy (Treatment/Prognosis 
Impacted)

No. of Discrepant Indi-
vidual Mutations (n = 54)

No. (%) of Discrepant 
Samples (n = 50)

% of Discrepant Samples in the 
Concordance Data Set (n = 850)

Mutations not in Idylla cartridge 50 12 (24.0) 1.4
Biomarker not run as SOC or not in SOC panel 13 13 (26.0) 1.5
Biomarkers run as SOC but discrepant; unknown 8 8 (16.0) 0.9
Discrepant (false) positives 4 4 (8.0) 0.47
Discrepant (false) negatives 6 6 (12.0) 0.7
Sensitivity (SOC or Idylla technology) 7 7 (14.0) 0.82
Possible variant cross-reactivity or identified in 

Idylla Explore software
1 0 (0) 0.0

Total discrepant results  5.79

SOC, standard of care.
aDiscordant samples were categorized as mutations not included in the Idylla cartridge by design, false positives, false negatives, sensitivity related where there were bord-
erline results that were either close to assay cutoffs or not detectable due to technology limitations, variant cross-reactivity where genetic sequences were close together 
in the genome and identified different mutation variants but provided the same clinical result, and unknown or undetermined reasons. In determining whether the dis-
cordant biomarker results would render the appropriate information to assist with therapy selection, the number of discordant samples with clinical impact was reduced 
from 86 to 50.
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findings of other studies showing successful mutational 
analysis for RAS, BRAF, and EGFR with Idylla using 
very low tissue input, including samples that were deemed 
unsuitable for NGS evaluation.15-21

For laboratories not performing NGS and for those 
not performing any molecular testing or are sending out 
molecular testing to external laboratories, rapid testing 
exemplified by the Idylla system helps to democratize 
testing capabilities and significantly improves turna-
round times. As the majority of  care given to patients 
with cancer in the United States is rendered in smaller 
hospital settings, this platform allows those institu-
tions to perform the most clinically actionable testing at 
their facility with this user-friendly system and minimal 
hands-on time for testing and rapid result reporting. 
Decentralized genetic biomarker testing can signifi-
cantly shorten the time from initial clinical diagnosis to 
the administration of  an appropriate precision medicine 
therapy.

In laboratories that routinely perform more compre-
hensive molecular testing for these genes as part of larger 
NGS panels, implementation of the Idylla system for 
KRAS, BRAF, and NRAS testing in colorectal cancers 
may still be advantageous. Several studies have shown 
the need and value of implementing parallel or sequen-
tial testing using a rapid biomarker assay next to NGS 
for several cancer types.16,17,21-24 Given the cost, labor, and 
state of reimbursement for NGS panels, screening for 
more common mutations using the Idylla platform may 
reduce the amount of NGS testing needed for certain 
tumor types and may help improve biomarker reimburse-
ment rates while greatly decreasing the turnaround time 
for reporting actionable results.

This multicenter study demonstrated that the Idylla 
system significantly improves genetic biomarker testing 
turnaround times. The Idylla system requires minimal 
sample input and is robust with respect to the accu-
rate identification of  clinically actionable variants in 
the KRAS, BRAF, and NRAS genes. Its performance 
is reproducible in a variety of  testing institutions with 
various levels of  experience in genomic testing. While 
these assays are less expensive to perform than standard 
methods due to the labor savings and extent of  multi-
plexing, we do not currently have good reimbursement 
data, although there has been some suggestion that 
single-gene Current Procedural Terminology codes for 
these genes are more reimbursable than other forms of 
testing.

Corresponding author: Gregory J. Tsongalis; 
gregory.j.Tsongalis@hitchcock.org.
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