Comprehensive Genotyping for Somatic Variation and MicroRNA expression
Accurately Predicts Malignancy Risk of Thyroid Nodules
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BACKGROUND
Mutations are fundamental to thyroid tumorigenesis and the biological consequences of each
specific mutation varies across a spectrum from strong, highly predictive of cancer (BRAF_V600E,
TERT_-124C>T), to low drivers being present in both benign and malignant states (RAS,
PAX8/PPARg). In addition to strong mutational drivers, multiple microRNA pathways also regulate
the development of thyroid tumorigenesis (1, 2).
Molecular diagnostics can provide key insights into the nature of thyroid nodules that can guide
patient care and management (3). Currently, the two approaches used for diagnosing thyroid
nodule progression to cancer are rule-in tests and rule-out tests. These tests are either based upon

Diagnostic Performance of the ThyGeNEXT + ThyraMIR test

ThyGeNEXT and ThyraMIR microRNA test panels
Gene
ALK
BRAF
GNAS
HRAS
KRAS
NRAS
PIK3CA
PTEN
RET
TERT

ThyGeNEXT DNA panel
Thyroid cancer variants
L1198F, G1201E
V600E, K601E, A598V
R201H, L203P, Q227E, R844C
G12V, G13R, Q61R, Q61K
G12D, G12V, G13D, G13R, Q61K, Q61R, Q61H
G12D, G13D, G13R, Q61K, Q61R, Q61P
E542K, E545K, H1047L, H1047R
C124F, R130X
M918T, C630R, D631G, C634W, A883F, E921K
-124C>T, -146C>T, -138_139CC>TT, -161C>T

ThyGeNEXT RNA panel
Key Gene
Fusion Partner
ALK
STRN, EML4
BRAF AGK, AKAP9, SPTLC2
NTRK1 TPM3, TPR, TGF
NTRK2 TERT
NTRK3 ETV6, SLC12A6
PPRAg BMS1, PAX8, CREB3L2
RET
CCDC6, ELKS, GOLGA5, HOOK3, KTN1, NCO4
RET
NCOA4, PCM1, PRKAR1A, RFG9, TRIM
THADA IGF2BP3, TRA2A, LOC389473
Housekeeping genes - NKX2.1, PAX8, TBP, USP33

ThyraMIR miRNA
classifier panel
miR-29b-1-5p
miR-31-5p
miR-138-1-3p
miR-139-5p
miR-146b-5p
miR-155
miR-204-5p
miR-222-3p
miR-375
miR-551b-3p

the detection of oncogenic variants or altered mRNA and micro RNA expression profiles (4, 5).

Table 1: ThyGeNEXT next generation sequencing test interrogates hotspot regions in 10 genes for the presence SNVs

Previously, we reported a combined test which incorporates the advantages of “rule-in and rule-

and 38 oncogenic fusion transcripts in to 8 key thyroid oncogenes. The expression of four control mRNAs is also

Figure 4 Seventy-three samples with known histopathology and cytology diagnosis were analyzed by the

out” tests. In the combined test, specimens are initially tested using Next Gen Sequencing (NGS)

analyzed to determine thyroid cell content in the sample. ThyraMIR test is a qPCR based 10-miRNA gene expression

combined ThyGeNEXT + ThyraMIR test. Risk of malignancy categories were assigned to each sample using

based ThyGenX test to detect single nucleotide variants (SNVs) in 5 genes and 6 fusions transcripts

classifier for the diagnosis of thyroid malignancy.

the classification system as shown in fig 2. Integrative plot shows correlation between molecular profiling,

Here we report the clinical validation of an expanded panel of mutations and RNA fusions, known as
the ThyGeNEXT test designed to work in concert with a complementary microRNA (ThyraMIR test)

Prediction of malignancy risk in thyroid nodules
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profiling assay. These tests when performed together enable a greater understanding of the role of
low driver mutational states without diminishing rule in and rule out diagnostic and predictive
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testing properties. In addition, we also present a novel risk classification and patient care

METHODS

Clinical validation: Clinical validation was performed by blinded review of molecular results from
the combined ThyGeNEXT + ThyraMIR testing of 73 needle aspirates from nodules with known
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diagnosis were retrospectively analyzed in this study. Molecular testing of residual total nucleic

(Table 1) under CAP/CLIA guidelines as described previously.
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CONCLUSIONS
o

test results with the gold standard surgical histopathology for these cases with known benign or

At 24% thyroid cancer prevalence, combination testing showed 95% negative predictive value for all
nodules analyzed.

malignant outcomes.

o

miRNA profiling effectively detected malignancy is a subset of nodules lacking detectable mutational
change thus both ruling in and ruling out cancer where currently such binary prediction is not
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Figure 2: Thyroid cancer variants were classified into strong, moderate and weak drivers based mutation profiling of

histopathologic

nodules analyzed.

surgical pathology outcome. Two methods were used to compare diagnostic performance, 2 x 2
contingency table and a tiered classification system were used to compare the positive and negative

Figure 5 Correlation of ThyGeNEXT +
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Study design: Seventy three cases of thyroid fine need aspirate biopsies with known histopathology

acids containing gDNA, mRNA and miRNA was carried out by ThyGeNEXT and ThyraMIR assays
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management algorithm using insights derived from testing >10000 clinical thyroid nodule aspirates.

combined ThyGeNEXT + ThyraMIR test. Histopathology categories: Follicular adenoma (FA), Benign (Ben),
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cytology (Bethesda) and histology diagnoses (row) in each of the 73 samples (column) tested by the
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possible.

o

Clinical performance of combined testing was superior to mutational analysis or RNA classifier
determination performed alone. Furthermore, the % malignancy risk was accurately predicted for all
individual indeterminate thyroid nodules.

Figure 3 Suggested patient management scenarios based on results from combined ThyGeNEXT + ThyraMIR test and
cytological diagnosis. The actual management may differ since the clinical decisions are based on comprehensive
evaluation of patient characteristics, sonographic findings, and correlative clinical factors. ** NCCN guidelines for the
management of nodules with B3 and B4 Bethesda cytology diagnoses includes consideration of molecular analyses.

o

The combination testing approach, employing miRNA to independently predict risk of malignancy,
maintained highest performance in ruling out cancer in low risk nodules and ruling in cancer in high
risk thyroid nodules including those with no detectable or low driver mutations, thereby optimizing
clinical decision making.

