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Abstract

This study evaluates the analytical performance of two
IDNAPTEX® assays, KRAS G12C and KRAS 3X (targeting
mutations in exons 2, 3 and 4), on the QlAcuity® Digital PCR
System, intended for research use only applications. Analytical
performance metrics include limit of blank (LoB) and comparison
to a reference defection method (next-generation sequencing,
NGS) for formalin-fixed, paraffin-embedded (FFPE) tissue,
fresh-frozen tissue and cell-free DNA (cfDNA) samples.

The IDNAPTEX KRAS G 12C assay, used in combination with
the QlAcuity Digital PCR System, provides a robust, sensitive
and precise method for defecting KRAS G 12C mutations for
research purposes. This enables reliable identification of the
KRAS G12C variant, a recurrent driver mutation in non-smaill
cell lung cancer (NSCLC) and colorectal cancer (CRC), that
may be matched with targeted therapies. The IDNAPTEX KRAS
3X assay on QlAcuity provides a robust and targeted solution
for KRAS mutation profiling in exons 2, 3 and 4. Identification
of these variants may support research into treatment

stratification and sensitive post-treatment surveillance.

Sample to Insight

Introduction

KRAS G12C is a recurrent driver mutation in CRC and
NSCLC (1-4) that leads to constitutive activation of the
RAS/MAPK signaling pathway (3, 4). This mutation is now
targetable by novel covalent inhibitors, including sotorasib
and adagrasib (4, 5, 8, 9). Accurate detection of KRAS
G12C in tumor tissue or cfDNA is essential for identifying
patients eligible for these targeted therapies (6). Digital PCR
(dPCR) offers a highly sensitive and quantitative approach
for detecting this mutation, especially in cfDNA where mutant

alleles are present at low frequency (7).

In addition, KRAS mutations in exons 2 (codons 12 and 13), 3
(codon 61) and 4 (codons 117 and 146) occur frequently in
CRC (11) and are strong negative predictors for the efficacy

of anti-EGFR therapy (10, 15, 16). Comprehensive detection
of these alterations is essential for treatment planning and
prognosis, particularly in metastatic CRC. dPCR enables highly
sensitive mutation detection from plasma-derived cfDNA or

FFPE samples (12, 14), which is also valuable for longitudinal




monitoring and assessment of minimal residual disease (MRD)

following treatment (13).

In CRC, mutations in KRAS — particularly in exons 2, 3 and 4
— are not only predictive biomarkers for anti-EGFR therapy
resistance, but also stable clonal markers suitable for disease
tracking (17, 18). After surgical resection or systemic therapy,
the persistence or reappearance of KRAS-mutated cfDNA in
plasma may indicate microscopic residual disease or early
relapses, often months before radiological signs (13, 19).
Similarly, in metastatic settings, dynamic changes in KRAS
mutation burden in cfDNA may reflect therapeutic response

or clonal evolution under treatment pressure (14, 18).

To ensure robust analytical performance of the IDNAPTEX
KRAS G12C and IDNAPTEX KRAS 3X assays with real-world

samples, the following analysis was carried out:

* Established analytical performance by assessing
sensitivity, precision and accuracy using a diverse panel
of mutation-positive and wild-type (WT) samples across

a range of allele frequencies.

» Compared results against the reference method (NGS)
to assess the concordance, which was determined using
metrics such as positive predictive value (PPV), negative
predictive value (NPV) and overall percent agreement

(OPA).

* Determined the limit of blank (LoB) with sufficient
replicates of WT samples (230 for LoB).

* Evaluated the assay’s ability to distinguish KRAS G12C
from other common KRAS codon 12 mutations (e.g.,

G12D, G12V), ensuring high analytical specificity.

Materials and methods

For this study, two sites performed the analysis for KRAS

G 12C: The Landeskrankenhaus Feldkirch in Feldkirch, Austria
and the Istituti Fisioterapici Ospitalieri in Rome, Italy. The
former will be referred to as Site 1 and the latter as Site 2 in
the following sections. The analysis for KRAS 3X was solely
performed by the Istituti Fisioterapici Ospitalieri.

Sample types: c[DNA extracted from the plasma of CRC
patients (metastatic or post-surgical) and DNA extracted
from FFPE tumor tissue and fresh-frozen tissue with known
KRAS mutations.

DNA extraction kits: The DNA at Site 1 was isolated from
FFPE material with the QIAamp® DNA FFPE Advanced Kit and

from plasma samples with the QlAamp Circulating Nucleic
Acid Kit (QIAGEN).

The DNA at Site 2 was isolated with the AllPrep® DNA/RNA
FFPE Kit for FFPE and AllPrep DNA/RNA Kit for fresh frozen
tissue (QIAGEN).

Extraction kits and IDNAPTEX assays were used according to

the manufacturers’ instructions.

Assays: IDNAPTEX KRAS G12C, IDNAPTEX KRAS 3X, for

Research Use Only applications

Digital PCR platform: QIAGEN, QlAcuity Digital PCR

System, for Research Use Only applications

Analytical limit determination

Limit of blank (LoB): For mutation detection assays in a
WT background, analytical noise will increase in proportion
to the amount of WT DNA present. Therefore, instead of
using pure blanks (no template controls), LoB was calculated
using WT-only samples at concentrations representative of

clinical conditions.

The CLSI EP17-A2 guideline recommendation is to use at least
15 WT samples that do not carry the target mutations. These
should be analyzed in duplicate across two independent
sessions, resulting in a total of 30 determinations. The number
of false positive partitions (mutation channel) is recorded.

The LoB is then calculated and expressed in variant allele
frequency (VAF) based on the determined signal for the
mutation and the WT. The LoB can be estimated using either
a parametric or non-parametric approach, as outlined in
CLSI EP17-A2. The parametric method assumes a normal
distribution of blank measurements and calculates LoB as the

mean plus 1.645 times the standard deviation. In contrast,



the non-parametric approach does not rely on distributional
assumptions and defines LoB as the 95th percentile of blank
replicates. Based on the samples available in this study, the

parametric approach was chosen.

This VAF-based LoB provides a practical detection threshold

for interpreting results under typical sample conditions.

Limit of detection (LoD): The LoD is calculated as the
lowest concentration of mutant DNA that yields 295%
positive detection above the established LoB. The LoD is
typically determined using spiked-in synthetic mutants at low
frequencies in a high WT background and validated on 220

replicates to confirm the required detection performance.

To achieve reliable detection of mutations at low
frequencies (e.g., 0.1% VAF), a minimum of 20,000 total
copies per reaction is generally required. If necessary,
the sensitivity can be further enhanced by merging the
data from multiple wells (technical replicates), effectively
increasing the number of partitions and improving the

detection probability of rare events.

In this study, samples with low mutation frequencies were not
available at both sites. Therefore, no data can be shown for
the LoD.

Comparison of detection methods used
in this study

For Site 1, 27 KRAS G 12C-positive samples were tested
using the IDNAPTEX KRAS G12C assay.

For Site 2, 11 positive samples were tested using IDNAPTEX
KRAS G12C and 15 mutation-positive samples were tested
with both IDNAPTEX KRAS 3X assays.

Results were classified as positive or negative for each
targeted KRAS mutation.

Concordance metrics: PPV, NPV, OPA

VAF values were compared quantitatively via regression

analysis.

Statistical analysis

LoB was determined using the parametric approach where
LoB = Mean (WT) + 1.645 x SD using the VAF.

Comparison of detection methods:

The qualitative metrics PPA (positive percentage agreement),
NPA (negative percentage agreement) — and OPA (overall
percentage agreement) were determined using the data from
the WT and mutated samples, and linear regression was

applied for quantitative comparison.

Results for KRAS G12C

1. Method concordance assessed by
linear regression

To compare the IDNAPTEX assays with the reference NGS
method, the VAF values determined with the IDNAPTEX KRAS
G12C assay were plotted against the VAF values obtained
by NGS (Figure 1). At Site 1, 27 KRAS G 12C-positive
samples with VAF values ranging from 9% to 66% were
analyzed. An additional 28 samples were tested in which
NGS reported 0% VAF for KRAS G12C. At Site 2, 11 KRAS
G 12C-positive samples (2-66% VAF) were tested, with each
sample measured in duplicate; the mean value was used for
linear regression. The linear regression plot in Figure 1 shows
a positive correlation between the IDNAPTEX KRAS G12C

assay and the reference method for both sites.
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Figure 1

Linear regression comparing dPCR and NGS VAF values from two independent sites.

Correlation plot showing a positive correlation between dPCR and NGS, displaying the
agreement between the two methods.



2. Performance metrics for KRAS G12C

Analytical performance metrics were determined for KRAS
G12C (Table 1). For both testing sites, the mutation-positive
samples were correctly identified as true positives, resulting
in a PPA and NIPA of 100%. Furthermore, all WT samples
were correctly classified as true negatives verified by the
calculated LoB. In addition, all samples that were positive
for other mutations (other KRAS mutations, EGFR, BRAF,
NRAS) could be classified as true negatives according to the
calculated LoB. The OPA for both sites was 100%.

Table 1
PPA, NPA and predictive values for Site 1 and Site 2 for KRAS G12C.

The statistical measures of performance were calculated using the proportion of actual positives
and actual negatives.

Site 1 Site 2
Number of total samples 55 30
True positives 26 11
True negatives 29 19
NPA 100% 100%
PPA 100% 100%
Positive Predictive Value 100% 100%
Negative Predictive Value 100% 100%
Overall Percentage Agreement 100% 100%

3. Cross-reactivity with other KRAS G12 mutations

Site 1 also analyzed 16 samples with alternative mutations
in the KRAS gene. The mutation rates for these samples
ranged between 10% and 53% VAF, as determined by
NGS. Based on the calculated LoB, all tested samples could
be classified as negative for the G12C mutation measured
with the IDNAPTEX KRAS G12C on the QlAcuity system.
This confirms that there is no cross-reactivity with the variants

listed below.

VAF % dPCR VAF % NGS Mutation
0.03% 26.00% KRAS G12D, TP53
0.00% 31.00% KRAS G12A, TP53 L43
0.00% 17.00% KRAS G13D
0.00% 11.00% KRAS Q61R
0.02% 10.00% KRAS G12D
0.03% 21.00% KRAS A59T
0.01% 14.00% KRAS G13D, AKT1 E17K, TP53
0.00% 39.00% KRAS G12V, TP53 V157F
0.09% 13.00% KRAS G12D
0.05% 37.00% KRAS G12R
0.01% 53.00% KRAS G13V
0.12% 34.00% KRAS G13D, TP53 C135F
0.01% 40.00% KRAS G12A, TP53 143
0.00% 23.00% KRAS G12A, TP53 143
0.01% 38.00% KRAS G12D
0.02% 25.00% KRAS K117N

4. Correlation of DNA input and analyzed
concentration

To determine the correlation between DNA input and the
concentration in copies/ L, Site 1 analyzed one sample with
a VAF of 38% using different DNA inputs ranging from 1 ng
to 200 ng. As shown in Figure 2, there was a high correlation
between the input amount and the measured concentration
for both the WT and the mutation.
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Linear regression between different DNA inputs and the concentration measured by dPCR.
Correlation plot showing a high correlation between DNA input and the measured concentration.

Analysis was performed at Site 1 using one of the samples with 38% MAF for KRAS G12C.



Results for KRAS 3X

1. Method concordance assessed by
linear regression

The IDNAPTEX KRAS 3X assay was compared against

the reference NGS method by plotting the VAF values
determined with the IDNAPTEX assay against the VAF values
obtained by NGS. Site 2 used 15 samples positive for KRAS
mutations in exons 2, 3 and 4, with each sample measured
in duplicate. For the linear regression analysis, the mean
values were used. The linear regression plot in Figure 3
shows a strong correlation between the IDNAPTEX KRAS 3X

assay and the reference method.
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Figure 3

Linear regression between PCR and NGS for the VAF for KRAS 3X.
Correlation plot showing a high correlation between DNA input and the measured concentration.

Analysis was performed at Site 1 using one of the samples with 38% MAF for KRAS G12C.

2. Performance metrics

To confirm the assay’s analytical performance, especially

for mutation screening in FFPE samples and fresh frozen
tissues, performance metrics were determined (Table 2). All
mutation-positive samples were correctly identified, with

no mutations missed, resulting in PPA of 100% and NPV of
100%. Fourteen WT samples were correctly classified as
true negatives, with only one sample, whose VAF was close
to the calculated LoB, misclassified. The resulting NPA was
93.33% and the PPV was 93.75%, indicating high accuracy
in identifying true negatives and strong confidence in positive

calls. The overall classification accuracy was 96.67%.

Table 2
PPA, NPA and predictive values for KRAS 3X.
The statistical measures of performance were calculated with the proportion of actual positives

and actual negatives.

Classification True' Trf"? Fq‘ls'e Fqls§
Negative  Positive Positive  Negative

Samples n 14 15 1 0
NPA 93.33%
PPA 100.00%
Positive predictive Value 93.75%
Negative predictive Value 100.00%
Accuracy 96.67%

Conclusion

The results of this study demonstrate that the IDNAPTEX
KRAS G12C and KRAS 3X assays, when deployed on the
QlAcuity digital PCR platform, offer high PPA, NPA and
quantitative accuracy for detecting KRAS mutations in CRC
and NSCLC for research purposes. The strong concordance
with NGS, a common alternative approach for mutation
detection, demonstrates that these assays perform reliably
across multiple sample types, including FFPE, fresh-frozen
tissue and plasma-derived cfDNA, and support their use in

translational research settings.

The quantitative accuracy and sensitivity of these assays,
combined with the QlAcuity digital PCR platform, suggest
that detection of KRAS G 12C mutations in early-stage
cancers (Stage |-11) using cfDNA may be feasible. This
supports potential future applications in early detection or

post-surgical MRD monitoring.

A future study could evaluate the utility of KRAS cfDNA
quantification using the IDNAPTEX KRAS CRC panel on the
QIAcuity dPCR platform for detecting MRD after curative
surgery or for tracking mutation dynamics during systemic
treatment in metastatic CRC. Serial plasma sampling may
enable earlier relapse prediction and provide real-time

assessment of therapeutic response.
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