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Abstract
A fast and accurate test for microsatellite instability (MSI) is crucial in colorectal cancer prognosis and
treatment. In this manuscript, we validated an automated Idylla MSI detection platform using 42 patient
samples. The new Idylla MSI system provided accurate results in 2.5 hours. This automated tool greatly
simplified the MSI detection process.
Background:Microsatellite instability (MSI) is a phenotype commonly observed in colorectal cancer, and is caused by
a deficient mismatch repair system. Determining MSI status greatly aids tumor prognosis and treatment plans in
colorectal cancer, and plays a critical role in recent United States Food and Drug Administration-approved immu-
notherapies. As recognition of its importance grows, MSI has been identified in more types of cancers, underscoring
the importance of accurate assays for determining MSI status in tumor cells. Currently, tumor MSI status is detected
via polymerase chain reaction-based methods or immunohistochemistry. Materials and Methods: In this study, we
tested a new, fully automated MSI detection system (Idylla MSI detection kit) released by Biocartis. We evaluated 42
formalin-fixed paraffin-embedded tumor tissues, which were clinically tested for MSI status using the polymerase
chain reaction or immunohistochemistry method, with the Idylla MSI detection system. Results: The Idylla MSI
detection system showed an overall 97.62% concordance rate with previously used methods. Moreover, this fully
automated system requires less than 5 minutes “hands on” preparation time and 150 minutes total run time per
sample. Conclusion: The Biocartis Idylla MSI kit proves a powerful tool to accurately detect MSI status in tumor cells
in a rapid and almost labor-free manner.
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Introduction
Mutations, like insertions and deletions, are easily introduced

into the genome during DNA replication and cause genomic
instability. During DNA replication, mismatches are corrected by
the mismatch repair (MMR) system to ensure accurate duplication
of genetic information.1 A proficient MMR system recognizes
mismatches during DNA replication and corrects errors via digest-
ing the mismatch sequences. The proteins that form the MMR
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system are encoded by 4 genes: MLH1, MSH2, MSH6, and PMS2.
A mutation within any of these 4 genes results in a deficient MMR
(dMMR) system.2 With a dMMR system, DNA replication errors
are not fixed efficiently.

Microsatellites are short DNA sequences with repetitive motifs
that naturally occur in the human genome.3 Owing to their re-
petitive structure, microsatellites are especially prone to DNA
replication errors. When combined with a dMMR, DNA
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replication errors in microsatellite regions are not fixed efficiently,
causing microsatellite instability (MSI). Therefore, MSI is an
excellent marker for a dMMR system.

A dMMR system is a common cause of cancer. Hence, MSI is
also a hallmark of dMMR-related cancer. Clinical data suggests 15%
of colorectal cancer (CRC) results from a dMMR system, charac-
terized by MSI.4 In CRC, one-third of MSI is caused by germline
mutations in 1 or more of the 4 MMR genes (MLH1, MSH2,
MSH6, and PMS2) (Lynch Syndrome).5 Approximately two-thirds
of MSI are owing to the loss of MLH1 caused by hypermethylation
of the MLH1gene promoter region.6,7

MSI status of CRC plays an important role in disease prognosis
and treatment. Data from multiple clinical studies revealed patients
with CRC with microsatellite instability status (MSI-H) had a better
prognosis when treated or untreated with 5-fluorouracil (5-FU)-
based adjuvant chemotherapy compared with patients with micro-
satellite stable status (MSS or MSI-L).8-12 The relationships be-
tween MSI status, tumor prognosis, and treatment responses in
patients with CRC are stage-dependent. Results from a series of
clinical studies indicated that, in patients with stage II CRC, MSI-
H/dMMR tumors did not benefit from 5-FU-based adjuvant
therapy.13-19 Surgery alone provided better survival rates for those
patients.20,21 In stage III CRC, the association between MSI status
and tumor prognosis and treatment is more complicated. MSI-H
tumor cell lines were sensitive to oxaliplatin in preclinical
studies.22 However, clinical findings were contradictory, revealing
MSI status did not correlate with oxaliplatin efficacy.23 Results from
other clinical trials suggested FOLFOX (5-FU plus folic acid plus
oxaliplatin) therapy may be more effective for certain subgroups of
MSI-H/dMMR tumors at stage III with proximal location.24-26

MSI status has become a decisive factor when electing an
immunotherapy treatment. MSI-H tumors present a strong in-
flammatory response, triggering an immune escape mechanism in
tumor cells, often via production of checkpoint proteins pro-
grammed cell death protein 1 and programmed death-ligand 1.
Therefore, MSI-H tumors are highly sensitive to immuno-
therapy.27-29 Clinical trials of anti-programmed cell death protein 1
drugs pembrolizumab and nivolumab showed promising results in
patients with MSI-H cancer.30,31 The United States Food and Drug
Administration granted accelerated approval for these drugs in pa-
tients with MSI-H or dMMR solid tumors. MSI-H tumors are
common and not limited to CRC. They were also found in non-
esmall-cell lung cancer, genitourinary cancer, breast cancer, and
many other type of cancers. This underscores the importance of
accurate testing of MSI status in these cancers, enabling patients to
get the best treatment.

Traditionally, MSI status is detected via polymerase chain reac-
tion (PCR) of a panel of microsatellite markers.32 The Bethesda
panel, a 5-marker panel, was established for MSI testing in a 1997
meeting. This panel includes 2 mononucleotide (BAT-25 and BAT-
26) and 3 dinucleotide (D5S345, D2S123, and D17S250) re-
peats.33 MSI status is categorized based on the number of mutated
markers: A MSI-H classification is given when 2 or more of the 5
markers showed instability, MSI-L when only 1 marker showed
instability, and MSS when no markers showed instability. In 2002,
a second consensus meeting recommended substituting dinucleotide
repeats with mononucleotide repeats.34
Currently, the Bethesda panel and a commercial panel developed
by Promega are widely used by most labs for MSI status testing. In
2004, Buhard and colleagues demonstrated a panel of 5 quasimo-
nomorpic mononuleotide makers (BAT-25, BAT-26, NR-27, NR-
21, and NR-24) were able to accurately evaluate tumor MSI status
without normal tissue for comparison.35 An alternative method is
using MLH1, MSH2, PMS2, and MSH6 antibodies to perform
immunohistochemistry (IHC) analysis to determine MSI status
(MMR status).36 With the development of next generation
sequencing technology, multigene panel next generation sequencing
is also used to test tumor MSI status.37

Recently, Biocartis released a fully automated Idylla MSI testing
assay. This assay utilizes a new set of 7 biomarkers to evaluate tumor
MSI status without the need for reference tissue DNA. In this study,
we tested 42 CRC samples with known MSI status as detected by
previously described methods35,36 on the Idylla MSI testing system.
In addition to a high concordance rate between the IdyllaMSI test and
traditional methods, the automated Idylla MSI assay required mini-
mal labor and significantly less run time to get results.

Materials and Methods
Sample Collection and Experiment Design

We collected 42 formalin-fixed paraffin-embedded (FFPE) CRC
tissues with known MSI status from 2 major hospitals in China
(Shengjing Hospital, Shenyang, Liaoning Province and Qingdao
Hospital, Qingdao, Shandong Province). These samples’ MSI status
was previously tested using a PCR-based MSI assay or IHC. Of the
42 samples, there were 20 MSI-H, 20 MSS, and 2 MSI-L. Based on
Idylla MSI assay reporting, we grouped these 42 samples into a
positive group (20 MSI-H) and a negative group (22 MSS and MSI-
L), respectively.

Idylla MSI Assay
Following manufacturer’s instructions, 100 to 200 mm2 of each

sample’s 10-mm thick FFPE tissue was placed between 2 wet filter
papers (GE Healthcare Life Sciences Whatman, Cat# 1001-6508)
soaked with nuclease-free water (Thermo Scientific, REF# R0581).
Each sample-paper sandwich was transferred into an Idylla MSI car-
tridge. After scanning the MSI cartridge barcode, the assay type and
designated protocol were automatically registered, and the sample ID
wasmanually entered in the console’s software. TheMSI cartridgewas
then loaded into the Idylla console, and the assay started automati-
cally. Each sample’s run took 150 minutes total. After each run, a
detailed report with biomarker scores and quality control status was
generated by the built-in software. The run information was simul-
taneously deposited to an online web application, Idylla Explore
(https://idyllaexplore.biocartis.com/), for remote access.

Results
The Idylla MSI test workflow is user-friendly and straightfor-

ward. As shown in Figure 1A, a minimum of 50 mm2 of 5-mm
FFPE tissue with greater than 20% neoplastic cell content is
required for the assay. Within the reaction cartridge, DNA is
directly liberated from FFPE tissue without requiring a long
deparaffinization process. Next, 7 biomarkers (ACVR2A, BTBD7,
DIDO1, MRE11, RYR3, SEC31A, and SULF2) are amplified via
PCR for a downstream melting curve analysis. The analysis
Clinical Colorectal Cancer December 2019 - e317
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Figure 1 Comparison of the Idylla MSI Assay and Conventional PCR-based Method Workflow. A, Idylla MSI Assay Workflow. B,
Traditional PCR-based Assay Workflow

Abbreviations: FFPE ¼ formalin-fixed paraffin-embedded; MSI ¼ microsatellite instability; PCR ¼ polymerase chain reaction.
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software, built on a neural network-based algorithm, then detects
the mutation status of each marker by evaluating a qualitative score
derived from the melting curve analysis (Figure 2A). A report with
test results, marker scores, and quality control status is then auto-
matically generated. Consistent with previously established criteria,
tumors with 2 or more mutated markers are reported as MSI-H by
the software. However, the Idylla MSI assay does not have a MSI-L
category. One or no mutated markers will both be considered as
microsatellite stable (MSS).

We obtained 42 FFPE tumor tissues from 2 medical centers.
These samples had been tested for MSI status using either PCR-
based methods or IHC. Based on their MSI status, we divided
the samples into 2 groups: a positive group with 20 MSI-H samples
and a negative group including 20 MSS samples and 2 MSI-L
samples. We analyzed all samples through the Idylla MSI test sys-
tem. Nineteen of 20 MSI-H tumors were detected as MSI-H by the
Idylla MSI test system, with a concordance rate of 95%. All 22
samples from the negative group were identified as MSS by the
Idylla MSI test system, with a 100% concordance rate (Table 1).
The overall concordance rate was 97.62%. To check the repro-
ducibility of the Idylla MSI test system, a few samples were run in
duplicate, and the same results were observed. We also ran a small-
scale blind test and observed a 100% concordance rate between the
Idylla MSI test and the original test (see Supplemental Table 1 in
the online version).

The MSI test results produced by the Idylla MSI test system were
highly concordant with results derived from conventional methods,
yet the total test procedure was largely simplified. This fully
- Clinical Colorectal Cancer December 2019
automated platform enables rapid and accurate MSI status tests with
no other instruments or molecular biology preparation needed.

Discussion
Tumor MSI status has emerged as an important molecular marker

for tumor prognosis and treatment. The accuracy and turnaround
time of an MSI status assay is critically important when choosing and
implementing treatment plans for patients with cancer. In this study,
we used 42 FFPE tumor tissues to test the accuracy of a fast, fully
automated MSI test system. We found a high concordance rate
(97.62%) when comparing the samples’ MSI status as determined
using the IdyllaMSI system and conventionalmethods. Conventional
PCR-based MSI status workflows consist of deparaffinization, tissue
lysis, DNA extraction, and PCR. The whole process takesw9 hours
and requires extensive molecular biology operation (Figure 1B). The
IHC method that is widely used by clinical pathology laboratories
requires 2 hours to overnight incubation prior to deparaffinization
and at least 5 hours hands-on time for deparaffinization, rehydration,
antigen retrieval, and staining steps. In contrast, the automated Idylla
MSI system only takes 2.5 hours to produce accurate results without
any molecular biology or immunohistology preparation. The total
hands-on time is less than 5minutes. In addition to a largely simplified
workflow, the per-sample cost of the IdyllaMSI system is close to 50%
of the IHCmethod (equipment andmaintenance costs not included).
The Idylla MSI system provides a great platform for pathology labs to
quickly detect tumor MSI status without DNA extraction. Even
though this system is currently for research use only, it shows great
potential for future clinical testing purposes.



Figure 2 Idylla MSI Assay Data Presentation. A, MSI Status Is Decided by the Number of Mutated biomarkers. A Qualitative Score is
Generated for Each biomarker Based on the Melting Curve Analysis. The Score Expresses the Probability of Mutations in
Each Valid Marker. Zero Means No Mutation and 1.00 Means a 100% Chance of Mutation. Left Panel, MSI-H; Right Panel,
MSS. B, An Example MSI Assay Report From the IdyllaTM Console

Abbreviations: MSI ¼ microsatellite instability; MSI-H ¼ microsatellite instability-high; MSS ¼ microsatellite stable.
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The Idylla MSI assay is a closed system, so no alterations to the
assay or reporting algorithm can be made. To make an MSI
determination, the assay uses a dedicated post-processing algorithm.
First, a mathematical transformation algorithm will transform
fluorescence measurements generated input data by the Idylla
platform into a characteristic pattern of 16 output parameters per
curve. This mathematical transformation algorithm takes into ac-
count variability that might exist between instruments. Then, a
dedicated classification algorithm is used to classify the characteristic
pattern produced for each biomarker by the mathematical trans-
formation algorithm. A neural network optimized on several
thousand wild-type and mutant fluorescence profiles will then
calculate a probability/similarity score (MSI Score) for any given
valid biomarker-specific profile, reflecting the status of each
biomarker.

The 7 novel Idylla MSI biomarkers are a robust selection from an
exclusively licensed broader set of 59 MSI biomarkers previously
described by Zhao and colleagues.38 The 7 biomarkers detect somatic
single nucleotide mutation differences in short homopolymers,
consistently observed in several ethnic groups, including Caucasian,
African American, and Asian. The final selection of 7 biomarkers
results from several selection criteria: (1) high frequency markers in
MSI-H CRC and endometrial cancers; (2) optimization of the
number of biomarkers that can be combined in 1 cartridge; (3) stable
and robust assay that is compatible with beacon technology; (4) stable
markers throughout different ethnicities; (5) multiplex capabilities
with maximization of final PCR end product; (6) compatibility of
assay components with buffers and stability requirements; and (7)
compatibility of read-out with mathematical transformation algo-
rithm to maximize classification of MSS versus MSI-H profiles.

Detection of these specific targets is performed using fluo-
rescently labeled molecular beacons after PCR amplification. These
beacons differentially melt from the wild-type or mutated amplicons
with increasing temperature. The output is detected by fluorescence
and analyzed by a dedicated and automated Idylla MSI Detection
workflow via a mathematical transformation algorithm and a
Clinical Colorectal Cancer December 2019 - e319



Table 1 MSI Test Results From Idylla MSI Test System

Sample
MSI

Status
Idylla MSI

Assay Results
Tumor Cell
Content, % Idylla MSI Biomarkers With Mutation Detected

CRC-1 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, RYR3, SEC31A, SULF2,

CRC-2 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-3 MSI-Ha MSI-H >50 ACVR2A, DIDO1, MRE11, SULF2,

CRC-4 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, RYR3,

CRC-5 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-6 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-7 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, SULF2,

CRC-8 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-9 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, SEC31A, SULF2,

CRC-10 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SULF2,

CRC-11 MSI-Ha MSI-H >50 ACVR2A, DIDO1, MRE11, SEC31A, SULF2,

CRC-12 MSI-Ha MSI-H >50 BTBD7, DIDO1, MRE11, RYR3,

CRC-13 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, SEC31A, SULF2,

CRC-14 MSI-Ha MSI-H >50 ACVR2A, DIDO1,RYR3,

CRC-15 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-16 MSI-Hb MSI-H >20 ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2,

CRC-17c MSI-Hb MSI-H >20 BTBD7, DIDO1, MRE11, SULF2,

CRC-18 MSI-Hb MSI-H >20 DIDO1, MRE11,

CRC-19 MSI-Ha MSI-H >50 ACVR2A, BTBD7, DIDO1, MRE11, SEC31A, SULF2,

CRC-20 MSI-Ha MSS >50 No mutation detected

Concordance 95%

CRC-21 MSSb MSS >20 No mutation detected

CRC-22 MSSb MSS >20 No mutation detected

CRC-23 MSSb MSS >20 No mutation detected

CRC-24 MSSb MSS >20 No mutation detected

CRC-25 MSSb MSS >20 No mutation detected

CRC-26 MSSb MSS >20 No mutation detected

CRC-27c MSSb MSS >20 No mutation detected

CRC-28 MSSb MSS >20 No mutation detected

CRC-29 MSSb MSS >20 No mutation detected

CRC-30c MSSb MSS >20 No mutation detected

CRC-31 MSI-Lb MSS >20 No mutation detected

CRC-32 MSSb MSS >20 No mutation detected

CRC-33 MSSb MSS >20 No mutation detected

CRC-34 MSSb MSS >20 No mutation detected

CRC-35 MSI-Lb MSS >20 No mutation detected

CRC-36 MSSb MSS >20 No mutation detected

CRC-37 MSSb MSS >20 No mutation detected

CRC-38 MSSb MSS >20 No mutation detected

CRC-39 MSSb MSS >20 No mutation detected

CRC-40 MSSa MSS >50 No mutation detected

CRC-41 MSSa MSS >50 No mutation detected

CRC-42 MSSa MSS >50 No mutation detected

Concordance 100%

Overall concordance 97.62%

Abbreviations: CRC ¼ colorectal cancer; MSI ¼ microsatellite instability; MSI-H ¼ microsatellite instability-high; MSI-L ¼ microsatellite instability-low; MSS ¼ microsatellite stable.
aThe original MSI test results were determined by the immunohistochemistry method.
bThe original MSI test results were determined by the polymerase chain reaction-based method.
cThese samples were tested in duplicate. The same results were observed.
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classification algorithm. The report will show an overall result that
classifies the sample as MSI-H, MSS, or invalid. The report will also
show an individual mutant or non-mutant result for each separate
marker with an MSI score per marker.

In our study, one sample from the positive MSI-H group
returned a discordant result from the Idylla MSI system. We closely
looked at the 7 biomarkers tested by the Idylla system in this
sample. None of these markers showed a mutation score. We
speculate this might be because of tumor heterogeneity.39 The
FFPE tissue may have had a relatively low amount of neoplastic cell
content that was below the Idylla MSI kit’s detection threshold (>
20%). Owing to the limited amount of this sample, we did not have
enough tissue to repeat the test or confirm the result with a con-
ventional PCR method. Nonetheless, the results still reached a
97.62% concordance rate, which was very close to the manufac-
turer’s published number (98.7% with Promega, 97.6% with IHC,
European Society for Medical Oncology 2018 Congress, October
19-23, 2018, Munich, Germany).

The Idylla MSI test result does not include a MSI-L classifica-
tion. This may limit its clinical utility for patients with MSI-L tu-
mors. However, the biological significance of MSI-L status is still
controversial. Several studies indicated MSI-L status may be asso-
ciated with a higher frequency of KRAS mutations and more
common in serrated neoplasms.40,41 Other studies demonstrated
that MSI-L and MSS tumors shared many genetic and pathologic
properties and were not distinguishable from each other.42-44

Further, there is a lack of evidence linking the MSI-L phenotype
to any known diseases caused by a dMMR system. Regardless, the
MSI-H phenotype is the most clinically relevant phenotype in the
majority of cancer types.

Conclusion
The Idylla MSI test system generates reliable results with minimal

hands-on preparation and short turnaround time. It provides a great
platform for the increasing need for tumor MSI testing.

Clinical Practice Points

� Conventional MSI detection methods require multistep molec-
ular biology preparation. The process is long and not easily
accessible for many clinical pathology laboratories.

� The new Idylla MSI detection platform that we introduced in
this manuscript is fast and fully automated. The accuracy of this
new platform is comparable to the traditional methods. The
turnaround time is much shorter, plus no molecular biology
preparation is needed.

� The Idylla MSI assay platform provides a reliable and convenient
tool for MSI testing under clinical settings.
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Supplemental Table 1 Blind Test Results From Idylla MSI Test System

Sample
Idylla MSI

Assay Results Idylla MSI Biomarkers With Mutation Detected
Tumor Cell
Content, %

Original MSI
Status

Blind test S1 MSI-H ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, SULF2, >20 MSI-Ha

Blind test S2 MSS No mutation detected >20 MSSa

Blind test S3 MSS No mutation detected >20 MSSa

Concordance 100%

Abbreviations: MSI ¼ microsatellite instability; MSI-H ¼ microsatellite instability-high; MSS ¼ microsatellite stable.
aThe original MSI test results were determined by the polymerase chain reaction-based method.
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