Overcoming challenges in expanding NGS based mutation panels
to analyze indeterminate thyroid nodule aspirates
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ThyGeNEXT test workflow

Mutational analysis is an important source of diagnostic and predictive information for resolving
cytologic indeterminate thyroid nodules accomplished most comprehensively by next generation
sequencing (NGS). Technical hurdles can arise requiring novel solutions when expanding the existing
scope and number of mutations and fusions to detect, especially when starting material is limited in
both quality and quantity. Previously, we validated the combined NGS based ThyGenX test for
analyzing the presence of mutations in 5 genes and 6 RNA fusions in thyroid nodule aspirates (1-4).
We recently expanded the mutation and RNA fusion detection capabilities with the addition of 5
DNA markers and 32 RNA fusions for a total of 18 DNA markers and 38 RNA fusions named the
ThyGeNEXT test (Table 1). Using ThyGenX test results as the reference, we present the analytical
validation of a highly accurate and sensitive ThyGeNEXT test.

Figure 1: The ThyGeNEXT test NGS library preparation consists of 5 steps to generate sequencing libraries for analysis
on the Illumina MiSEQ system. The 5 steps are outlined briefly.
1. Quantitative Functional Index (QFI) is a qPCR assay used to assess the quality of DNA based on the LINE-1 copy
number present in the sample. RT assay is performed to reverse transcribe the mRNA component of TNA to cDNA.
The cDNA is then used for setting up the RNA GS PCR for fusion detection.
2. After RT and QFI, the DNA and RNA from the sample are amplified by gene specific primers for target enrichment.
3. Following GS PCR amplification of both DNA and RNA, the PCR products are tagged with a unique 10-mer index
code which is used to identify each sample as a unique replicate once the sample preparations are combined for
loading on the MiSEQ.
4. After the PCR products are barcoded, the products are purified using a bead-based method to bring all of the
samples to an equal representation in the final library preparation.
5. KAPA Quant: The purified DNA and RNA library pools are quantified by a qPCR assay by KAPA biosystems. This
assay is used to estimate the library concentration to achieve optimal clustering during sequencing on the Illumina
MiSEQ.

Analytical validation of the ThyGeNEXT test

Table 1: ThyGeNEXT panel design: ThyGeNEXT next generation sequencing test interrogates hotspot
regions in 10 DNA genes for the presence of SNVs 38 oncogenic RNA fusion transcripts that play a role in
thyroid tumorigenesis. The expression of four housekeeping mRNAs is also analyzed to determine thyroid
cell content in the sample. Blue highlighted markers are common to both ThyGenX and ThyGeNEXT panels.
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buffer and 52 samples were cytology smears. Comparative analyses were performed to analyze the concordance
between both tests. The concordance between the variant allele frequency (%VAF) detected by both tests was
compared for positive samples.
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RNA fusion and mRNA transcripts
NKX2-1
NTRK2/TERT
PAX8
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TBP
NCOA4/RET_3
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CCDC6/RET
ELKS/RET
NCOA4/RET_4
TRIM24/RET
PAX8/PPARg_1
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PAX8/PPARg_2
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the ThyGeNEXT for process validation. Of the 226 samples, 174 samples were FNAs collected in RNA preservative
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ThyGenX and ThyGeNEXT panels

Method comparison: In all, 226 residual clinical specimens with known ThyGenX testing results were re-analyzed by

Figure 3: RNA panel sensitivity was analyzed by an input titration series of fusion gene blocks. All RNA
fusions were reliably detected at 1250 input copies sample input with a coverage of atleast 50 reads.

Expanded ThyGeNEXT panel provides additional insights
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Table 2: ThyGeNEXT testing of 13 previously positive ThyGenX samples indicated the presence of additional
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Figure 2: A) Validation was carried out by using 226 residual clinical specimens (174 FNAs collected in RNARetain and
52 cytology smears), which were tested by both ThyGenX and ThyGeNEXT assays.
Excellent quantitative correlation between the two tests for gene mutations (n=82) detected at 2 to 55% allele
variant with a correlation coefficient of 0.98. A 100% qualitative agreement (95% CI: 98.4 to 100%) with the same

its ability to detect additional genetic alterations in key thyroid cancer genes.

CONCLUSIONS
oThe qualitative and quantitative performance in positive variants detected by ThyGeNEXT is similar to
ThyGenX in both FNA biopsies and cytology smears.
oThyGeNEXT does not generate false positive or false negative results for the 5 genes (BRAF, HRAS, KRAS,
NRAS, PIK3CA) and 6 fusions (PAX8-PPARG and RET-PTC) previously reported by ThyGenX.

genetic alterations (n=93) detected in 92 samples positive by ThyGenX*. *1 case was double positive for NRAS and

oThyGeNEXT provides additional molecular information on gene alterations strongly associated with

PIK3CA. B) DNA panel sensitivity was analyzed by diluting a positive clinical sample into a negative samples. Variants

aggressive forms of differentiated thyroid cancer (e.g., RET) or poor outcome (e.g., TERT)

could be reliably detected at as low as 2% variant allele frequency by the ThyGeNEXT assay.

