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Molecular Diagnosis of Thyroid Nodule
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Fine needle aspiration cytology is gold standard for diagnosis of thyroid nodule. However, it is
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not perfect and its results are cytologically indeterminate nodules (Bethesda classification 11—
V) in 15—-30%, which remains diagnostic challenges. So, the method that provide information
about cancer risk is necessary to establish management strategy. As results of studies about
genetic changes in thyroid cancer, remarkable advances have been achieved in understanding
thyroid carcinogenesis, which produced applications of molecular biomarkers and profiling
panels for diagnosis of thyroid nodule. These tests help clinicians make decision regarding the
need for surgery and the surgical extent. In this review, published researches related to molec-
ular diagnosis of thyroid cancer are reviewed and performance of the diagnostic tests and its
interpretation were discussed. Korean J Otorhinolaryngol-Head Neck Surg 2018;61(9):445-52

Genetic testing - Molecular diagnostic techniques -
Thyroid carcinoma - Thyroid nodule.
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opd Ade| ‘:HOHH% AAH oJdE Kook nd4(inde-
terminate) A&l thofixl= oAHs] TEA(HE] 2o 7} ZAY
et ok 25445 T4 A o] WlERLA] ATtof| A category
111 ®]A & (atypia of undetermined significance/follicular
lesion of undetermined significance) 9.6%, category IV ¢
SLEOF .0 o] LE0F o)A (follicular neoplasm or suspicion
of a follicular neoplasm) 10.1%, category V 214 24l (sus-
picious for malignancy) 2.7%= 1|47 (indeterminate) 2%
B2g J97) =3 224%0] o]2t)? Six|uk o] FoF

9] SFJEL category 111, TV, VOllA 22t 15%, 15~30%,
60~75% A= BT Qo HA|A o 2= oF /4 H=
ato] epAolal LR 3/4- At Ao WE A Heh?
THAPASLe] BB A 4 A AESE 2G-S 3
=293 7“1‘3’7—‘1 —T—%é ol Ul =& & 4 AL, AR
of| o] et Fa3t RS AlFsf| Fof whebA g7t &
A Y& 7&44 oojo} 71 &-gof sl olsfistal &-8-gt
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MEK-ERK®] QlAFs}2 0]o{R]+&= mitogen—activated protein
kinaseMMAPK) 7422} PI3K-PDK1-AKTY] ¢4k} o]of
A= phophoinositide 3-kinase(PI3K) A&7} 1A4o|th

MAPK ZAR2E Ao By}l Bilo] BHE]= 0 A=Z
2] Al =8A419] tyrosine kinase@t A% 2-8-51+=
AR QAL ZaE Alo|Erlelo] PHHELE f R WAy
of TAEI U2 BRAF, RAS Q0| RET/PTC A=
2ol MAPK 7= o4& Zeigit]. ofg] xiht 222
of olg] o] HR7} DS EH Alazuke] Gl At =84
7} @435k 11 0] RASY] serine/threonine protein kinase
£ kA Hol F WAl 7]ofgtth

PI3K 7 == A|22o] A7, 541 W AFETE 22 ohefet Al
32 A at A AR 2A FF A 1ot o] A2}
SIS Az SA1E 7HESIE AL APES A EC) o
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AFOINE AFELAAIA naY 2ds BREL 2
S 5

SollA EAHYETH 2de] E-8Ado] FuS W] AlAkst
it @A w2 Aol & W3 4

€ 7153 HAFR S Afirma Gene Expression Classifier
(GEC; Veracyte Inc., San Francisco, CA, USA), Thyroseq
version 2(CBLPath Inc., Rye Brook, NY, USA), RosettaGX
(Rosetta Genomics, Rehovot, Israel), and ThyraMir(Inter-
pace Diagnostics, Parsippany, NJ, USA)7} 21tk

Gene expression classifier (GEC)
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Table 1. Performance of molecular test in diagnosis of thyroid nodule
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Next generation sequencing(NGS)

Next generation sequencing= AH&-51+= ThyroSeq+= 2013
d 7 gene panelZ A|AFsto] 2017d0)= 112 gene panelS
3E3+8H= ThyroSeq v37F EA1E]0] 120007 o)de] %14k §
ol2} 1207 ol4te] F-A} F5toll Wt FHE A9t

ThyroSeq v2& ©|-&3t o] ¢A-ol|4] Bethesda IVE X
T 143719 ARSI Al el EAsk =T 27%7F o
Aol ME 90%, E0)% 93%, 24 Al&% 96%, ¥4
NSk 83%2 A4S Halom, A 88 14~34%%
AP A AZE 95~98%, FA IS 68~8T%E K

Molecular test M?{;'Tge”?%‘)cy Sensitivity (%) Specificity (%) PPV (%) NPV (%) c|os::1l°|F<IZﬁon
Gene expression classifier

Alexander, et al.” (2012) 265 32 92 52 47 93 ND
Mclver, et al.'” (2014) 36 17 83 10 16 75 ND
Marti, et al.'? (2015) ND

MSK 44 55 100 10 57 86—92

MSBI 39 10 100 22 14 95-98
Chaudhary, et al.’ (2016) 158 38 100 15 100 38 ND
Samulski, et al.'” (2016) 294 35 93 17 39 81 M
Baca, et al.'¥ (2017) 227 37 100 16 30 100 M
Harrison, et al.'® (2017) 15 35 100 9 35 100 ND
Hang, et al.'” (2017) 384 33 98 19 37 96

384 19 97 16 21 96 B

Thyroseq v2

Nikiforov, et al.” (2014) 143 27 90 92 83 96 ND

Nikiforov, et al.?” (2015) 98 23 91 92 77 97 ND

Valderrabano, et al.?? (2017) 102 20 70 77 42 91 M

102 15 73 75 33 94 B

Thyroseq v3

Nikiforova, et al.'” (2018) 175 53 98 82 Accuracy 91 M
RosettaGX reveal

Lithwick-Yanai, et al.?® (2017) 150 27 85 72 ND
ThyGenX/ThyraMIR

Labourier, et al.?® (2015) 109 32 89 85 74 94 ND
Wylie, et al.?” (2016) 235 40 95 68 66 95 ND

PPV: positive predictable value, NPV: negative predictable value, NIFTP: noninvasive follicular fumor with papillary-like nuclei,
MSK: Memorial Sloan Kettering Cancer Center, MSBI: Mount Sinai Beth Israel, ND: not discussed, M:malignant, B: benign
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Table 2. Recommended management of thyroid nodule according to molecular test results

Bethesda Estimateda risk of
cytologic Ancillary festing malignancy; range Recommendation
category (median, %)
Il (AUS/FLUS)  None 6—48 (14) Repeat FNA, ancillary testing, or diagnostic lobectomy
GEC Suspicious 38 Diagnostic lobectomy
Benign 5 Active surveillance
7-gene panel Positive 88 Oncologic thyroidectomy
Negative 6 Active surveillance or diagnostic lobectomy
IV (FN/FL) None 14-34 (25) Ancillary testing or diagnostic lobectomy
GEC Suspicious 37 Diagnostic lobectomy
Benign 6 Active surveillance
7-gene panel Positive 87 Oncologic thyroidectomy
Negative 14 Diagnostic lobectomy
ThyroSeqg2.0 Positive 87 Oncologic thyroidectomy
Negative 5 Observation
V (SMC) None 53-87 (70) Ancillary testing or oncologic lobectomy
GEC Suspicious 76 Oncologic thyroidectomy
Benign 15 Diagnostic lobectomy
7-gene panel Positive 95 Oncologic thyroidectomy
Negative 28 Diagnostic lobectomy

Adapted from Ferris R, et al. Thyroid 2015;25(7):760-8.%" AUS: atypia of uncertain significance, FLUS: follicular lesion of undeter-
mined significance, GEC: gene expression classifier, FNA: fine-needle aspiration, FN: follicular neoplasm, FL: follicular lesion, SMC:

suspicious for malignant cell
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