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Abstract

This study assesses the analytical performance of the 

IDNAPTEX® TERT assay on the QIAcuity® Digital PCR 

System. Performance metrics include limit of blank (LoB) 

and comparison to a reference detection method (digital 

droplet PCR, ddPCR) for formalin-fixed, paraffin-embedded 

(FFPE) samples. 

The IDNAPTEX TERT assay, used in combination with the 

QIAcuity Digital PCR System, intended for research use only 

applications, provides a robust, sensitive and specific solution 

for detecting well-characterized TERT C228T and C250T 

promoter mutations across multiple tumor types.

  

Introduction

TERT promoter mutations (primarily C228T and C250T) are 

recurrent genetic alterations found in multiple cancer types 

(5), including gliomas (1, 3 ,7), thyroid carcinoma (1, 6, 

9), melanomas (2, 8) and bladder cancer (1, 4, 10). Their 
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presence is often associated with aggressive clinical behavior 

and poor prognosis. In thyroid cancer and melanoma, TERT 

mutations may have enhanced predictive value when they 

co-occur with BRAF V600E (8, 9). Sensitive detection of these 

mutations, whether in tumor DNA or plasma cell-free DNA 

(cfDNA), enables better risk stratification and tailored clinical 

decisions (4, 10).

To ensure robust analytical performance of the IDNAPTEX 

TERT assay for detecting C228T and C250T variants in TERT 

promoter, 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 to assess 

the concordance, which was determined using metrics 

such as positive predictive value (PPV), negative predictive 

value (NPV) and overall percent agreement (OPA).

Sample to Insight



 

• Determined the LoB with sufficient replicates of WT 

samples (≥30 for LoB).

Materials and methods

The analysis for this study was performed by the Istituti 

Fisioterapici Ospitalieri (IFO) in Rome, Italy. 

Sample types: Genomic DNA from glioma FFPE tissue 

DNA extraction kits: Manual isolation with the AllPrep® 

DNA/RNA FFPE Kit (QIAGEN) 

Extraction kits and IDNAPTEX assays were used according to 

the manufacturers’ instructions.

Assays: IDNAPTEX TERT, for Research Use Only applications

Digital PCR platform: QIAGEN QIAcuity Digital PCR 

System, for Research Use Only applications

Analytical limit determination 

To determine the detection capabilities of the assays, the CLSI 

EP17-A2 guideline was followed for estimating the LoB and 

limit of detection (LoD). These detection limits are verified 

using matrix-matched samples and replicate measurements, 

ensuring robustness and compliance in a research setting. 

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 ≥95% 

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 ≥20 

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. Therefore, no data can be shown for the LoD.

Comparison of detection methods used        
in this study 

For this study, 15 matched samples were tested using the 

IDNAPTEX TERT assay.

Results were classified as positive or negative for each 

targeted TERT 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 × SD using the VAF. 

2



Linear regression between dPCR and ddPCR for the VAF.                                         

Correlation plot showing a positive correlation between dPCR and ddPCR, displaying the 

agreement between the two methods.

Figure 1

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

1. Method concordance assessed by                         

linear regression

To compare the IDNAPTEX TERT assay run on the QIAcuity 

dPCR system with the reference ddPCR method, the VAF 

values determined with the IDNAPTEX TERT assay were 

plotted against the VAF values obtained by ddPCR. In 

this study, 15 mutation-positive samples were measured 

in duplicate. For the linear regression analysis, the mean 

value was used. The linear regression plot in Figure 1 shows 

a strong correlation between the IDNAPTEX TERT assay 

and ddPCR across both C228T and C250T mutations. In 

Figure 2, results for the two mutations are shown separately. 

Detection of the TERT C228T mutation showed higher 

concordance compared to C250T.

2. Performance metrics

To confirm the assay’s analytical performance, especially 

for mutation screening in FFPE material, performance 

metrics were determined (Table 1). All mutation-positive 

samples were correctly identified, and no mutations were 

missed in this study, resulting in PPA of 100% and NPV of 

100%. Furthermore, with the exception of one sample with 

a VAF under 1% and close to the determined LoB, 13 WT 

samples were correctly classified by the calculated LoB 

for both mutations. Therefore, the NPA in this study was 

92.86% and the predictive value 93.75%, confirming a high 

accuracy in identifying true negatives and high confidence 

in positive calls. Overall, the metrics showed a strong overall 

classification with an accuracy of 96.55%. 
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Linear regression between dPCR and ddPCR for the VAF for TERT C228T (A) and C250T (B).                                                                                                                             

Correlation plot showing a positive correlation between dPCR and ddPCR, displaying the 

agreement between the two methods.

Figure 2

A

B



Conclusion

The IDNAPTEX TERT assay run on the QIAcuity  digital 

PCR platform demonstrated excellent agreement with the 

reference method, ddPCR, for both mutation classification 

and quantitative VAF measurement. The assay’s performance 

supports its use in translational research settings. Furthermore, 

except for a single sample with a VAF below 1% and close 

to the LoB, all 13 WT samples were correctly classified as 

negative for both mutations. Such borderline variation is 

commonly observed with FFPE-derived DNA and could be 

further minimized by defining the LoB using a larger set of 

WT samples.

Mutations in the TERT promoter, particularly C228T and 

C250T, are recurrent in several solid tumors and can serve 

as clinically actionable biomarkers for diagnosis, prognostic 

stratification or disease monitoring. While most studies rely 

on tumor tissue, access to high-quality FFPE samples can be 

limited or invasive. Exploring the detection of TERT promoter 

mutations in alternative, less invasive matrices such as urine 

(for bladder cancer), cerebrospinal fluid (CSF, for gliomas) 

or fine-needle aspiration (FNA, for thyroid nodules or lymph 

nodes) could broaden the applicability of such assays and 

support personalized patient management when surgical 

biopsy is not feasible.

A future study could evaluate the performance of the 

IDNAPTEX TERT assay on the QIAcuity dPCR platform for 

detecting promoter mutations in cfDNA or cellular DNA 

extracted from these alternative sources. By comparing 

mutation detection rates and allelic frequencies across 

matrices and correlating them with known tumor mutation 

status, the study would assess the feasibility and added value 

of TERT mutation testing beyond conventional tumor biopsies. 
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Classification
True    

Negative
True    

Positive
False 

Positive
False 

Negative

Samples n 13 15 1 0

NPA 92.86%

PPA 100.00%

Positive predictive Value 93.75%

Negative predictive Value 100.00%

Accuracy 96.55%

PPA, NPA and predictive values for TERT. 

The statistical measures of performance were calculated with the proportion of actual positives 

and actual negatives.

Table 1



5

1. Vinagre J, Almeida A, Pópulo H, et al. Frequency of TERT promoter mutations in human 
cancers. Nat Commun. 2013;4:2185. doi:10.1038/ncomms3185

2. Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L, Garraway LA. Highly recurrent 
TERT promoter mutations in human melanoma. Science. 2013;339(6122):957-959. 
doi:10.1126/science.1229259

3. Killela PJ, Reitman ZJ, Jiao Y, et al. TERT promoter mutations occur frequently in gliomas 
and a subset of tumors derived from cells with low rates of self-renewal. Proc Natl Acad 
Sci USA. 2013;110(15):6021-6026. doi:10.1073/pnas.1303607110

4. Borah S, Xi L, Zaug AJ, et al. TERT promoter mutations and telomerase reactivation 
in urothelial cancer. Science. 2015;347(6225):1006-1010. doi:10.1126/
science.1260200

5. Colebatch AJ, Dobrovic A, Cooper WA. TERT gene: its function and dysregulation in 
cancer. J Clin Pathol. 2019;72(4):281-284. doi:10.1136/jclinpath-2018-205464

6. Kim TH, Kim YE, Ahn S, et al. TERT promoter mutations and long-term survival in patients 
with thyroid cancer. Endocr Relat Cancer. 2016;23(10):813-823. doi:10.1530/ERC-
16-0219

References

7. Lee Y, Park CK, Park SH. Prognostic Impact of TERT Promoter Mutations in Adult-Type 
Diffuse Gliomas Based on WHO 2021 Criteria. Cancers (Basel). 2024;16(11):2032. 
doi:10.3390/cancers16112032

8. Nagore E, Heidenreich B, Rachakonda S, et al. Co-occurrence of TERT promoter 
mutations with BRAF or NRAS mutations correlates with worse prognosis in melanoma. 
J Invest Dermatol. 2016;136(12):2495-2499. doi:10.1016/j.jid.2016.07.035

9. Liu R, Bishop J, Zhu G, et al. Mortality risk stratification by combining BRAF V600E and 
TERT promoter mutations in papillary thyroid cancer. JAMA Oncol. 2017;3(2):202-
208. doi:10.1001/jamaoncol.2016.3288

10. Hosen MI, Sheikh M, Zvereva M, et al. Urinary TERT promoter mutations are 
detectable up to 10 years prior to clinical diagnosis of bladder cancer: evidence 
from the Golestan Cohort Study. EBioMedicine. 2020;53:102643. doi:10.1016/j.
ebiom.2020.102643

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit instructions for use or user manual. QIAGEN kit instructions for use and user manuals are available at 

www.qiagen.com or can be requested from QIAGEN Technical Services (or your local distributor). ID Solutions products shown here are intended for Molecular Biology Applications only or Research Use 

Only as per each product specific labeling. These products are not intended for diagnostic applications, and under no circumstances may be used in diagnostic procedures. For the most up-to-date licensing 

and limited use label information, refer to the product’s manual. ID Solutions manuals for these products are available upon request to info@id-solutions.fr, or at www.qiagen.com, or may be requested from 

QIAGEN Technical Services or your local distributor.

Trademarks: QIAGEN®, Sample to Insight®, AllPrep®, QIAamp®, QIAcuity® (QIAGEN); IDNAPTEX® (ID Solutions). Registered names, trademarks, etc. used in this document, even when not specifically marked as such, may still be 

protected by law. PROM-4595-001 12/2025 © 2026 QIAGEN, all rights reserved. 

Learn more about our dPCR assays for cancer research at www.qiagen.com/id-solutions-assays

https://www.qiagen.com
info@id-solutions.fr
www.qiagen.com
http://www.qiagen.com/id-solutions-assays

