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INTRODUCTION 

Medullary thyroid carcinoma (MTC) is a rare, aggressive, neuroendocrine cancer with 

a generally poor prognosis. Since the cytological analysis of MTC from FNA can often 

be challenging, molecular testing can serve as an important adjunct for pre-operative 

diagnosis of MTC. Our approach to molecular diagnostics for MTC involves the use of 

a combination of NGS-based oncogenic panel, ThyGeNEXT®1, and a miRNA-based 

classifier test2, ThyraMIR® (Table-1). ThyGeNEXT® detects the presence of DNA 

mutations and RNA fusions commonly found in thyroid cancers and in MTC. The 

ThyraMIR® test, on the other hand, determines the risk of malignancy using a 

classifier-based algorithm. ThyraMIR® data can be reanalyzed using pair-wise analysis 

of the Ct values of individual miRNAs to determine the presence or absence of MTC 

markers in FNA samples. Here, we report the development and validation of a 

molecular test based on NGS mutational analysis and miRNA expression profiling for 

detecting MTC in thyroid nodule FNAs. 

 

METHODS 

Retrospective analysis of raw ThyraMIR® data from FNA and/or FFPE tissues was 

undertaken to develop and validate the ThyraMIR® test. All specimens were tested 

with combined ThyGeNEXT® NGS mutation detection and ThyraMIR® miRNA classifier 

to determine their overall risk of malignancy. The diff-pair values were calculated by 

subtracting the Ct values for various miRNA from that of miR-375. If miR-375 is more 

expressed than the other miRNAs, this value is expected to be negative. Data analyses 

were performed in the Rstudio environment using R programming for statistical 

computing.  

CONCLUSIONS 

 ThyGeNEXT® + ThyraMIR® combined can identify MTC-specific mutations and 

corresponding risk of malignancy, while categorizing nodules with MTC 

  ThyraMIR® uses miRNAs, which are generally more stable than mRNA; allowing 

the possibility to test archived FNA cytology slides to determine if the MTC 

outcomes could have been predicted earlier at the time of initial biopsy 

Boxplot analysis for 30 FFPE specimens using Ct values of the ThyraMIR® assay: A boxplot 

analysis of the data (Figure-2) indicated miR-375 had the highest expression for cases of MTC, as 

was also demonstrated by the diff-pair analysis of miR-375 expression against 9 miRNAs of the 

ThyraMIR® test panel shown in Figure-2. The diff-pair boxplot illustrates the overexpression of 

miR-375 only in cases of MTC as all distributions fall below 0, while non-MTC samples have 

distributions that fall above and below 0. Therefore, MTC cases occur where miR-375 is the most 

expressed miRNA within the ThyraMIR® classifier panel. 

RESULTS  

Principal component analysis of ThyraMIR® data: Principal component analysis (PCA) using 

miRNA expression Ct values demonstrated that MTC specimens cluster separately from cPTC, 

PDTC, and benign specimens (Figure-1), indicating that it would be feasible to differentiate MTC 

from non-MTC thyroid nodules based on the expression of the 10 miRNAs of the ThyraMIR® 

assay.  

Figure-3: Boxplot of raw Ct and diff-pair analysis of ThyraMIR® data for 7113 FNA 
specimens  

ThyGeNEXT® DNA panel ThyGeNEXT® RNA panel 
ThyraMIR® 

miRNA  
classifier panel Gene Thyroid cancer variants 

Key 
Gene 

Fusion Partner 

ALK  L1198F, G1201E ALK STRN, EML4 miR-29b-1-5p 

BRAF  V600E, K601E, A598V BRAF AGK, AKAP9, SPTLC2 miR-31-5p 

GNAS  R201H, L203P, Q227E, R844C NTRK1 TPM3, TPR, TGF miR-138-1-3p 

HRAS  G12V, G13R, Q61R, Q61K NTRK2 TERT miR-139-5p 

KRAS  
G12D, G12V, G13D, G13R, Q61K, 

Q61R, Q61H 
NTRK3 ETV6, SLC12A6 miR-146b-5p 

NRAS  
G12D, G13D, G13R, Q61K, Q61R, 

Q61P 
PPARg BMS1, PAX8, CREB3L2 miR-155 

PIK3CA  E542K, E545K, H1047L, H1047R RET 
CCDC6, ELKS, GOLGA5, 
HOOK3, KTN1, NCO4 

miR-204-5p 

PTEN C124F, R130X RET 
NCOA4, PCM1, PRKAR1A, 

RFG9, TRIM27 
miR-222-3p 

RET  
M918T, C630R, D631G, C634W, 

A883F, E921K 
THADA IGF2BP3, TRA2A, LOC389473 miR-375 

TERT  
-124C>T, -146C>T,  

-138_139CC>TT, -161C>T 
mRNA Markers- NKX2.1, PAX8, TBP, 

USP33 
miR-551b-3p 

Table-1: ThyGeNEXT® and ThyraMIR® panels 

Figure-1: Principal component analysis for 30 FFPE specimens using data from ThyraMIR® assay. 

ThyraMIR® Test 
Performance 

True Positive 11 

False Positive 1 

True Negative 193 

False Negative 0 

Sensitivity  100% 

Specificity 99.5% 

Figure-2: Boxplot of raw Ct and diff-pair analysis of ThyraMIR® data for 30 FFPE specimens  

Validation of ThyraMIR® test: The validation of the ThyraMIR® test was carried out on 

205 FNA specimens with known clinical or surgical outcomes. The diff-pair analysis 

(Figure-4) shows that miR-375 is the most expressed miRNA among MTC specimens, as 

indicated by all negative diff-pair distributions. Other samples analyzed, malignant and 

benign, have both positive and negative diff-pair distributions, demonstrating that MTC 

and non-MTC specimens are differentiated based on the ThyraMIR® test. The test 

identified 11 samples as true positives (MTC called as MTC), 193 as true negatives (non-

MTC called as non-MTC), zero false negatives, and 1 sample identified as false positive 

(non-MTC called as MTC). However, that false positive call was based on clinical 

observation and not surgical histopathology of the thyroid nodule. The sensitivity was 

calculated to be 100%, and the specificity was calculated to be 99.5% (Table-2). 

Boxplot analysis for 7113 FNA specimens using Ct values of the ThyraMIR® assay: miRNA 

profiling data for 7113 clinical FNA specimens, selected to contain MTC-specific RET 

mutations, PTC-specific RET fusions or BRAF_V600E mutations, or ThyraMIR® negative with 

no mutations, indicated that RET mutation positive samples behaved as MTC positive 

samples while the others behaved as non-MTC samples as shown in Figure-3. The boxplots 

illustrate that miR-375 is the most expressed miRNA for samples with RET mutations among 

the 10 miRNAs tested with the ThyraMIR® classifier test, as only samples with RET mutations 

have all negative  diff-pair distributions falling below 0.  
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Figure-4 (left) and Table-2 (right): Boxplot of diff-pair analysis, and performance of 
ThyraMIR® test using 205 FNA specimens of with surgical/clinical outcomes 


