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Figure 1. Study design and patients in this study

Patients with thyroid cancer who underwent
thyroid surgery between Aug 2020 and Aug 2022

in AMC (N=3920)

A4

Pathologic review

Mixed growth pattern &
Clear cytoplasm

Multinodular growth pattern &
Prominent intratumoral fibrosis &

+ Multiple cervical lymph node metastasis

|

Patients who suspected with
gene fusion and underwent
pan-TRK IHC test(N=108)

|

Patients with informed consents
for gene fusion test (N=54)

Patients who enrolled in
thyroid cancer biomarker study
in AMC (N=277)

- Patients without BRAF test (N=5)
- Patients with BRAF mutation (N=5)

- Patients without BRAF test (N=40)
- Patients with BRAF mutation (N=136)

A

(N=44)

A 4
Patients with wild type BRAF
who underwent both pan-TRK
IHC test and gene fusion test

Patients with wild type BRAF
(N=101)

A 4

Patients with wild type BRAF
who randomly included for gene
fusion test (N=45)

Abbreviations: AMC, Asan Medical Center; IHC, immunohistochemistry
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Table 1. List of gene fusions in FusionPlex panel

FusionPlex Pan Solid Tumor v2
137 Genes, 3.5M

FusionPlex Lung
v2
17 Genes, IM
ALK
BRAF
EGFR
ERBB?2
FGFRI
FGFR2
FGFR3
KRAS
MET
NRGI
NTRK1
NTRK?2
NTRK3
NUTM1
PIK3CA
RET
ROSI

FusionPlex AMC
108 Genes, 3.5M

AKTI EPCI GRB7 MUSK PLAGI THADA
AKT3 ERBB4 HMGA2 MYB PPARG TMPRSS2
AR ERG HRAS MYBLI  PRKACA USP6
ARHGAP26 ESRI IDH1 MYODI PRKCA VGLL2
AXL ESRRA IDH?2 NCOAI PRKCB YAPI
BCOR ETVI INSR NCOA2 RAF1 YWHAE
BRD3 ETV4 JAK?2 NOTCHI RELA
BRD4 ETVS JAK3 NOTCH2  RSPO2
CAMTAI ETV6 JAZF1 NR4A43 RSPO3
CCNB3 EWSRI MAML?2 NRAS SS18
CCNDI FGR MAP2K1  NUMBL STAT6
CD274 FOS MASTI PAX3 TAFI5
cic FOSB MAST? PDGFB TCFI12
CSF1 FOXO01 MEAF6  PDGFRA TERT
CSFIR FOX04 MKL2 PDGFRB TFE3
CTNNB1 FUS MNI PHF1 TFEB

DNAJBI GLII MSMB PKN1 TFG

ACVR24
AKT2
ARHGAP6
CRTCI
EGF
FGF1
FOXR2
IGFIR
KIT
MYC
MBTDI
MDM?2
MGEAS
NCOA3
NFATC2
NFE2L2
NFIB

PAXS
PDGFD
PHKB
PRDM10
PRKACB
PRKCD
PRKDI
PRKD?2
PRKD3
RADS51B
SSI8L1
WWTRI




Table 2. Details of targeted 137 genes in Fusin Plex panel

Gene Accession Exon Assay Type Description
ACVR2A NM 001616 1,2,3 Fusion 5
AKTI1 NM 005163 2,3,4,5,mid-exon5 Fusion 5
AKT2 NM 001626 2*5 Fusion 5
NM_ 001626 11 Fusion 3
AKT3 NM 005465 2,3,4,9 Fusion 5
NM 005465 6,7,8 Fusion 3
ALK NM 004304 2,4,6,8,10,12,14,16,17,18,19,intron19,20,mid- | Fusion, ALK  ATI, Internal | 5'
exon20,21,22,23,26 deletion(ALK A2-17, ALK A2-3)
NM_004304 1,2 Internal deletion (ALKA2-17, ALK 3
N2-3)
AR NM 001011645 | 1 Fusion 3
NM 000044 1,2,3,4,5,6,7,8* Fusion, ARv7 3
ARHGAP26 | NM 015071 2,10,11,12 Fusion 5
ARHGAP6 | NM 006125 2 Fusion 5
AXL NM_ 021913 11 Fusion 5
NM 021913 18,19,mid-exon20,20 Fusion 3
BCOR NM 017745 8 Fusion 5
NM 001123385 | mid-exon2,3,4,mid-exon4,5,6,7,8,9,11,15 Fusion, Internal Tandem Duplication | 5'
NM 001123385 | 2,4,mid-exon4, 6,7, mid-exon7,10,12,14,15 Fusion, Internal Tandem Duplication | 3'
BRAF NM 004333 2,3,4,5,7,8,9,10,11,12,15,16 Fusion, Kinase Domain Duplication, | 5'

BRAFA2-10, BRAFA4-10, BRAF




A2-8, BRAF A3-8, BRAF A4-8

NM 004333 1,2,3,7,8,10,13,14,18 Fusion, Kinase Domain Duplication, | 3'
BRAFA2-10, BRAFA4-10, BRAF
A2-8, BRAF A3-8, BRAF A4-8
BRD3 NM_007371 9,10,11,12 Fusion 3
BRD4 NM_058243 2% Fusion 5
NM_058243 10,11,12,13,14 Fusion 3
CAMTAI NM_ 015215 8,9,mid-exon9,10 Fusion 5
NM_ 015215 3 Fusion 3
CCNB3 NM_033031 2*3,4,5,6,mid-exon6,7 Fusion 5!
CCNDI NM_053056 1*%,2,3,4,5 Fusion 5!
NM 053056 1,2,3,4,mid-exon5* Fusion 3
NM 053056 5* Fusion 3
CIC NM_ 015125 12 Fusion 5!
NM_ 015125 14,15,16,17,18,mid-exon19,19,mid- Fusion 3
exon20,20*
CRTC1 NM_ 015321 1,2,3,4 Fusion 3
CSF1 NM_000757 2,3,4,5,6 Fusion 5!
NM 000757 5,6,7,8* mid-exon9* Fusion 3
NM 172212 9* Fusion 3
CSF1R NM_005211 11,12,13 Fusion 5!
DNAJBI1 NM_006145 1,2 Fusion 3
EGF NM_001963 16,17,18,19 Fusion 5
EGFR NM_005228 7,8,9,14,15,16,17,18,19,20 Fusion, Exon2-7 | 5'
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skipping(EGFRvIII), Kinase Domain

Duplication
NM 005228 1,24,25,mid-exon25,26 Fusion, Exon2-7 | 3'
skipping(EGFRvIII), Kinase Domain
Duplication
EPC1 NM 025209 9,10,11 Fusion 3
ERBB2 NM_004448 4,5,13,15,17 Fusion, Exon16 skipping (A 16HER) S
NM 004448 15,23,24,25,mid-exon26,26 Fusion, Exonl6 skipping (A 16HER) 3
ERBB4 NM 005235 2,3,4,14,15,16,17,18,23 Fusion 5
ERG NM 004449 2*3%*4,5,6,7,8,9,10,11 Fusion 5
ESR1 NM 000125 5,6,7,8 Fusion 5
NM 000125 1,2,3,4,5,6,7 Fusion 3
ESRRA NM 004451 2,3 Fusion 3
ETV1 NM 004956 3,4,5,6,7,8,9,10,11,12,13 Fusion 5
ETV4 NM 001986 2,3,4,5,6,7,8,9,10 Fusion 5
ETVS5 NM 004454 2*3,7,8,9 Fusion 5
ETV6 NM 001987 2,3,4,5,6,7 Fusion 5
NM 001987 1,2,3,4,5,6 Fusion 3
EWSRI1 NM 005243 8 Fusion 5
NM 005243 4,5,6,7,8,9,10,11,12,13,14 Fusion 3
FGF1 NM 00800 mid-exon2,2 Fusion 5
FGFRI1 NM 015850 2%*%73,4,5,6,7,8,9,10,11,17 Fusion, Kinase Domain Duplication | 5'
NM 015850 12,17 Fusion, Kinase Domain Duplication | 3'
FGFR2 NM 000141 2*3,5,6,7,8,9,10 Fusion 5
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NM_000141 16,17,18 Fusion 3
FGFR3 NM_000142 3,5,8,9,10,11,12,13,14 Fusion 5!
NM_ 000142 16,17,intron17 mid-exonl8 Fusion 3
FGR NM_005248 2*3 Fusion 5!
FOS NM_005252 mid-exon4 Fusion 3
FOSB NM 006732 1* mid-eoxnl * 1,2 Fusion 5'
FOXOl1 NM_002015 1*,2,3*% Fusion 5!
NM_002015 1*,2% 3% Fusion 3
FOX0O4 NM 005938 2,mid-exon2,3 Fusion 5
FOXR2 cryptic upstream exon2, 3(chrX:55562068, | Fusion 5
chrX:55634636)
FUS NM_ 004960 3,4,5,mid-exon6,6,7,8,9,10,11,13,14 Fusion 3
GLI1 NM_ 005269 4,5,6,7 Fusion 5
NM 005269 4,5, mid-exon5,6,7 Fusion 3
GRB7 NM_005310 10,11,12 Fusion 5!
HMGA2 NM 003483 1,2,3,4,mid-exon5* 5% Fusion 3
IGFIR NM_000875 13,14,15 Fusion 5!
INSR NM_ 000208 2,12,13,14,15,16,17,18,19 Fusion 5!
NM_ 000208 20,21,22 Fusion 3
JAK?2 NM_004972 6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 Fusion 5!
NM_004972 9,10,11,12,22 Fusion 3
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JAK3 NM_000215 10,11,12,17,18,19 Fusion 5!
NM_000215 23 Fusion 3
JAZF1 NM_ 175061 2,3,4 Fusion 3
KIT NM_000222 8 Fusion 5
NM_000222 1 Fusion 3
MAML2 NM_032427 2,3 Fusion 5
NM_032427 2 Fusion 3
MAP2K1 NM_002755 2 Fusion 5
MASTI NM_014975 7,8,9,18,19,20,21 Fusion 5!
MAST?2 NM_ 015112 2,3,5,6 Fusion 5
NM_ 015112 15,16,17 Fusion 3
MBTDI1 NM_ 017643 3* Fusion 5
NM_ 017643 15,16,17 Fusion 3
MDM?2 NM 002392 5,9 Fusion, Expression 5
NM 002392 2,4,6,8,10 Fusion, Expression 3
MEAF6 NM 001270875 | 4,5 Fusion 3
MET NM_000245 2,4,5,6,13,14,15,16,17,21 Fusion, Exonl4 skipping(META 5
ex14)
NM_000245 2,13 Fusion, Exonl4 skippingMET A 3
ex14)
MGEAS5 NM 012215 4,5,6,7,8,9,12,13,14,15 Fusion, Expression 5'
MKIL2 NM_014048 11,12,13 Fusion 5
MNI1 NM_ 002430 1,2 Fusion 3
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MSMB NM_002443 2,3,4 Fusion 3
MUSK NM_005592 7,9,10,12,13,14,15 Fusion 5!
MYB NM_ 001130173 | 7,8,9,11,12,13,14,15,16 Fusion 3
MYBLI1 NM_001080416 | 8,9,mid-exon10,10,11,12,13,14,15 Fusion 3
MYC NM 002467 1* mid-exonl *2,3 Fusion, Expression 5'
NCOAIl NM_ 147223 11,12,13,14,15 Fusion 5!
NCOA2 NM_ 006540 11,12,13,14,intron14,15,16,22 Fusion 5
NM_006540 14 Fusion 3
NCOA3 NM_006534 2*13,14,15,16 Fusion 5!
NM_006534 20 Fusion 3
NFATC2 NM_ 012340 2,3,9,10 Fusion 5
NFE2L2 NM_ 006164 1,2,3,4,5 Exon skipping, Fusion 5'
NFIB NM_001369458 | 10,11 Fusion 5
NM 005596 9* mid-exon9 Fusion 5
NM_005596 2 Fusion 3
NOTCHI1 NM 017617 2,4,24,29,30,31 Fusion 3
NM_017617 5,24,25,26,27,28,29 Fusion, Exon Skipping(NOTCHI1 A S
2-27,NOTCHI1 A21-27,NOTCHI1 A
3-27,NOTCH1 A3-28)
NOTCH2 NM_ 024408 24,2526,27,28,29 Fusion 5
NM 024408 5,6,7 Fusion 3
NR4A3 NM 173200 2% 3% 4579 Fusion, Expression 5
NM 173200 8 Fusion, Expression 3
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NRGI NM_001159996 | 1*,3,4,5 Fusion 5!
NM_ 004495 1,2,3,4,5,6 Fusion 5!
NM_013958 1* Fusion 5!
NM_ 013959 1*%,3 Fusion 5!
NM 013962 1* Fusion 5
NM 013962 1 Fusion 3
NTRK1 NM_001007792 | 1,2 Fusion 5!
NM_002529 1,2,3,4,5,6,7,8,9,10,11,12,13,14 Fusion 5!
NTRK2 NM_006180 4,5,6,7,8,9,10,11,12,13,14,15,16,17,18 Fusion 5!
NM_006180 11,14 Fusion 3
NTRK3 NM_001007156 | 15 Fusion 5!
NM_002530 3,4,5,6,7,8,9,10,11,12,13,14,15,16 Fusion 5!
NM 002530 13,14,15,17 Fusion 3
NUMBL NM_004756 2,3 Fusion 5!
NUTM1 NM 175741 2* 3 mid-exon3,4,5,mid-exon6,6 Fusion 5
PAX3 NM 181459 2,48 Fusion, Expression 5'
NM 181459 3,5,6,7,8 Fusion, Expression 3
PAXS NM_003466 3 Fusion 5!
NM_003466 1%,2,6,7,8,9,10 Fusion 3
PDGFB NM_ 002608 2,3 Fusion 5!
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PDGFD NM_025208 | 5,6,7 Fusion 5
PDGFRA | NM_006206 10,11,12,mid-exon12,13,14,15 Fusion, PDGFRAA8.9 5

NM_006206 |7 Fusion, PDGFRAA 8,9 3
PDGFRB | NM_002609 | 8,9,10,11,12,mid-exonl2,13, 14 Fusion 5
PHFI NM_024165 %2 Fusion 5

NM_024165 10,11,12 Fusion 3
PHKB NM_000293 | 4 Fusion 3
PIK3CA NM_006218 | 2,15 Fusion 5
PKNI NM_002741 10,11,12,13 Fusion 5
PLAGI NM_002655 1,2,3,4 Fusion 5
PPARG NM_015869 12,3 Fusion 5
PRDMI0 | NM_020228 13,14 Fusion 5
PRKACA | NM 002730 |2 Fusion 5
PRKACB | NM_182948 | 2.3,4 Fusion 5
PRKCA NM_002737 | 4,5,6,9,15 Fusion 5
PRKCB NM_002738 1,3,7,8,9 Fusion 5
PRKCD NM_006254 | 9,10,11,12,15 Fusion 5

NM_006254 18 Fusion 3
PRKDI1 NM_002742 | 2,10,11,12,13 Fusion 5
PRKD2 NM_016457 10,11,12,13 Fusion 5
PRKD3 NM_005813 10,11,12,13 Fusion 5
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RADSIB NM_ 133509 8 Fusion 5!
NM_ 133509 3,4,5,6,7,8,9 Fusion 3
RAF1 NM_ 002880 2*4,5,6,7,8,9,10,11,12 Fusion 5!
NM_ 002880 4,5,6,7,8,9 Fusion 3
RELA NM_021975 1,2,3,4,11 Fusion 5!
RET NM_ 020630 2,4,6,8,9,10,11,mid-exon11,12,13,14 Fusion 5!
ROSI NM_ 002944 2,4,7,31,32,33,34,35,36,37 Fusion 5!
RSPO2 NM_ 178565 1,2%,3%* Fusion 5!
RSPO3 NM_ 032784 2 Fusion 5!
SS18 NM_001007559 | 2,3,4,5,6,10,11 Fusion 5!
NM_001007559 | 4,5,6,8,9,10 Fusion 3
SS18L1 NM_ 198935 1,2,3,8,9,10 Fusion 3
STAT6 NM 001178078 | 1*,2*3,4,5,6,7,15,16,17,18,19,20 Fusion 5!
TAF15 NM_ 139215 6,7 Fusion 5!
NM_ 139215 5,6,7,9 Fusion 3
TCF12 NM_207036 4,5,6 Fusion 3
TERT NM 198253 2,3,5,7,10,11,12 Fusion, Expression 5
NM 198253 3,9,15 Fusion, Expression 3
TFE3 NM_006521 2,3,4,5,6,7,8 Fusion 5!
NM_006521 2,3,4,5,6 Fusion 3
TFEB NM 007162 1*,2* 3 mid-exon3,4,mid-exon4,mid-exon5,6 Fusion 5
NM 007162 9, mid-exonl0 Fusion 3
TFG NM_ 006070 6 Fusion 5!
NM 006070 3,4,5,6,7, mid-exon8 Fusion 3
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THADA NM_ 022065 24,25,26,27,28,29,30,31,36,37 Fusion 3
TMPRSS2 | NM 001135099 | 1 Fusion 3

NM_005656 1#%,2,3,4,5,6 Fusion 3
USP6 NM 004505 1* mid-exonl*,2* 3 Fusion 5
VGLL2 NM_ 182645 1,2,3,intron3,4 Fusion 3
WWTRI1 NM_ 015472 3,4 Fusion 5!

NM 015472 3.4 Fusion 3
YAP1 NM_ 001130145 | 1,mid-exon1,2,3,4,8,9 Fusion 5!

NM_001130145 | 1,2,3,4,5,6,7 Fusion 3
YWHAE NM_006761 5 Fusion 3

*Indicates exons that are entirely untranslated region (UTR), or for which the UTR is targeted.
**The mutations listed are targeted by the assay design. Version 6.3 and earlier of Archer Analysis may not support RNA SNV/InDel variant calling
at exon junctions depending on the sequence context (SNVs < 5bp, Indels < 30bp).

*#* ALK-ATTI currently requires review outside of Archer Analysis.
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Figure 2. Pan-TRK immunohistochemistry stain (A). Multinodular growth with
intratumoral stromal fibrosis (B) Clear cytoplasm and mild nuclear atypia (C) Positive
pan-TRK THC

Abbreviations: IHC, immunohistochemistry
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3. BA4 &N

2 A FAA 412 R version 3.4.0 ¥} R library moonBook, tidyverse, ~12] 3L
Cairo (R Foundation for Statistical Computing, Rl, 2 Z2~E2]o}; http://www.R-project.org)
o] &35} tt. A4 WM (continuous variables) ™ & A4k ARG 2 A
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AT A
1. BRAF 5 A7l gl A4S 8AE59] 43 ¥ g3 54

F149° 39.0-59.4) 13131 288 (31.5%)°] oIt AA #Ab T, A
(papillary thyroid carcinoma, PTC) $-2}7} 83 W 18]l 7}/ of 32 (follicular
thyroid carcinoma, FTC) 32}71 6 W o] 1}, 3 4 73 1+ (classical PTC) 3
27} 62 Y8 (69.7%) S = 7 ek o TS 0 &2 o] 3 W o] {5 (follicular variant
PTC) 2217} 199 (21.3%), 122l 2 2 7|2 A XE Wo| -5 (tall cell subtype
PTC) oAtk A 9wk T4 7] 1.8em (AFHES 5 1.1-1.3)0] A 3L, 417
(46.1%)°ll A Awv 7 A 7134 9] 3§ (microscopic extrathyroidal extension, ETE) %
1278 (13.5%)° A 7<= Al Feb4 ¢l 734 9] 3 (gross ETE) ©] &1 %At} 36
g (40.4%)°] kAt Soll A= 3 d ghol v A (multifocality) & &2 WA = AT} 7
FHxd Hol= F 49 (55.1%)0 A A AL o] T 281 (31.5%)> S
Hx A HolE Witk dold F 2 A7]= T4 6.0 mm (AHE915 3.0-12.0)°]
AL 1478 9] 32} Sl H A 2] I § (extranodal extension) ©] €15 AT} 31

H (34.8%)°] SALE0] 1 W A< (hemithyroidectomy)RF A &8 ®¥EQEATL 6 T8

O:

HEAd Ao o]o] ZFEHAFAE A= (completion thyroidectomy)= BT} 52

(58.4%)°] FAE A SHH W d eSS A8 Bk AA g2 F, 557

(61.8%)°] WA 8. o= X85 Wetom ALY
A

(50-150) It} 5 (5.6%) 9] SAE- Ao A

Qo= 882 Fokzk 100 mCi
o Al Aol 7 gl w9l
American Joint Committee on Cancer Tumor Node Metastasis (AJCC TNM) 8 & 7| <=

of W=, 69 ™ (77.5%)=17], 15 (16.9%)=27], 1 4 (1.1%) 3 7], 218 3L 4
H (4.5%)> 4 71 = AT
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Table 3. Baseline clinicopathological characteristics of patients with thyroid cancer with

wild type BRAF
Value
(N=89
Age (years) 46.9 (39.0-59.4)
Gender (male) 28 (31.5%)
Histology
Classic PTC 62 (69.7%)
Follicular variant PTC 19 (21.3%)
Tall cell subtype PTC 2(2.2%)
Follicular thyroid carcinoma 6 (6.7%)
Primary tumor size (cm) 1.8 (1.1-3.2)

Extrathyroidal extension
Microscopic
Gross

Multifocality (yes)

Lymph node metastases (yes)
Nla
N1b

Metastatic lymph node size (mm)

Extranodal extension (yes)
Lymphocytic thyroiditis (yes)
Vascular Invasion (yes)
Lymphatic Invasion (yes)
Distant metastases (yes)
Extent of surgery
Hemithyroidectomy

Hemithyroidectomy with completion

Total thyroidectomy
RALI ablation (yes)
Initial dose of RAI (mCi)

AJCC TNM 8" stage at initial diagnosis

I
11
I
v

41 (46.1%)

12 (13.5%)
36 (40.4%)

21 (23.6%)
28 (31.5%)
6.0 (3.0-12.0)
14 (15.7%)
32 (36.0%)
16 (18.0%)
66 (74.2%)
5 (5.6%)

31 (34.8%)
6 (6.7%)
52 (58.4%)
55 (61.8%)
100 (50-150)

69 (77.5%)
15 (16.9%)
1 (1.1%)
4 (4.5%)

Abbreviations: PTC, papillary thyroid carcinoma; RAI, radioactive iodine; AJCC TNM,

American Joint Committee on Cancer Tumor Node Metastasis
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2. BRAF 7AW o|7} gl 3349 8459 3 Aud
2-1. ATl 39 B3 AgAYG A EQ AR AWE
ZA A FAAF Al E B8 A B AL, 55 8 (61.8%) A -
Az Qe o] Sl & AT} (F 4). ZH2He] FAfoll A BHolw - A Al o] 9] %] o} A
)& el Wl o) et RpA s Y8-S ¥ 50 Halx o] ) 5132 3x} SolA] 3
AF A o] a4 A Sl E F FH AR A

%
o] gl ¥ At} (22 3, Patient No. 14,15,20, ~L2] 31 39). NTRK3 A&} Auj o] 179

>

(19.1%)0ll Al ®.o] 744 welar, o8- 0 & RET A A Qv 16 ¥ (17.9%), ALK 7
2 A E 10 9 (7.9%) =4 2 2 kth NTRKI 3} NTRK3 = % 23 ¥ (25.8%) S 2 &
W= SRl AT A kol A 2 el ETV6-NTRK3 7} 1278 (13.5%)°1 4 €<l
o} 7h 2oka vh&- o 2 CCDC6-RET A ¥l 10.1%, STRN-ALK A ¥l A 0] 7.9%, ~L
2] 3L NCOA4-RET 6.7% =~ 2 T 9kth. o] 2] BRAF A Aol 42 3 (3.3%), PAXS
S} MET A2} Al B & 22+ 1 (1.1%)0 A 2% AT}, FGFR3 -4 A A vl & &
W (4.5%)°1 4 gelE gl om, o]F 31 (19 1, Patient No. 14,15, 18] 1L 20) & 2+7}
NTRKI, RET 72} A v 4 2} -0k o] Q1Slar 1 78] 22} (Patient No. 49) BF FGFR3
e A A o] = Ao w Gl
H&E &efo]| =5 Bl f3dx2k A do] 4w o] 784 9= pan-TRK HH 43
S M A3t 44 8 o] Shabet AL ® A 45 7 9 ShAbol A &b Al
= el (% 4). HesHe 248
3778 (84.1%)° Al Hof F-=2}2 H ZAE9] 40.0%K. T Fo v 5HA =2 Hl
=2 B9 (p<0.001). 53], NTRK3 <] 34.1%9} 6.7%= F-2] 1| gk Z}o] & 1.8l o
o (p =0.003), NTRKI ©] 735 9.1%% 4.4%Kt} ©7 & o S 4oz
2] SFYT} (p=0.652). RET, ALK - A2} AW E w74 2 B sh4 el A4S B
el A o] H2 W E' Wol3l st FonshA] Skt BRAF #7312
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Table 4. Gene fusions identified in patients with thyroid cancer with wild type BRAF

Total Patients Patients with P
patients screened for random value
(N=89) pan-TRK IHC enrollment

stain (N=45)
(N=44)

Patients with gene fusions

55 (61.8%)

37 (84.1%)

18 (40.0%) <0.001

One type 51 (57.3%) 35 (79.5%) 16 (35.6%)
Two types 4 (4.5%) 2 (4.5%) 2 (4.4%)

RET 16 (17.9%) 9 (20.5%) 7 (15.6%) 0.745
CCDC6-RET 9 (10.1%) 2 (4.5%) 7 (15.6%)
NCOA4-RET 6 (6.7%) 6 (13.6) 0 (0%)
SPECCIL-RET 1 (1.1%) 1(2.3%) 0 (0%)

NTRK3 17 (19.1%) 15 (34.1%) 3 (6.7%) 0.003
ETV6-NTRK3 12 (13.5%) 10 (22.7%) 3(6.7%)
EML4-NTRK3 2 (2.2%) 2 (4.5%) 0 (0%)
SOSTMI-NTRK3 3(3.3%) 3 (6.8%) 0 (0%)

NTRK1 6 (6.7%) 4 (9.1%) 2 (4.4%) 0.652
TPR-NTRK 2 (2.2%) 1 (2.3%) 0 (0%)
IRF2BP2-NTRK1 1 (1.1%) 1 (2.3%) 0 (0%)
SOSTMI-NTRK1 1 (1.1%) 1(2.3%) 0 (0%)

TPM3-NTRK 1 1 (1.1%) 0 (0%) 1 (2.2%)
TFG-NTRK1 1 (1.1%) 1(2.3%) 1(2.2%)

ALK 10 (11.2%) 8 (18.2%) 2 (4.4%) 0.086
STRN-ALK 7 (7.9%) 5 (11.4%) 2 (4.4%)
EML4-ALK 2 (2.2%) 2 (4.5%) 0 (0%)
CTSB-ALK 1 (1.1%) 1(2.3%) 0 (0%)

BRAF 3 (3.3%) 0 (0%) 3 (6.7%) 0.248
MBP-BRAF 1 (1.1%) 0 (0%) 1 (2.2%)
POR-BRAF 1 (1.1%) 0 (0%) 1(2.2%)
MACFI1-BRAF 1 (1.1%) 0 (0%) 1(2.2%)

FGFR3 4 (4.5%) 2 (4.5%) 2 (4.4%) 0.999
IGH-FGFR3 3 (3.3%) 2 (4.5%) 1(2.2%)
TMBIM4-FGFR3 1 (1.1%) 0 (0%) 1 (2.2%)

PAX8-PPARG 1 (1.1%) 0 (0%) 1 (2.2%)

TFG-MET 1 (1.1%) 1 (2.3%) 0 (0%) 0.991

Abbreviations: IHC, immunohistochemistry



Figure 3. Gene fusions identified in 89 patients with thyroid cancer. (A). Numbers of gene fusions in each patient, (B) TERT promoter mutation, (C)
Gene fusions, (D) Clinicopathological characteristics of each patient
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Abbreviations: PTC, papillary thyroid carcinoma; LT, lymphocytic thyroiditis
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Table 5. Details of gene fusions identified in each patient with thyroid cancer with wild type BRAF

Patient No. | Genes % Read | Genomic Location Fusions (v6.2.7)
1 MBP :: BRAF 29.14 chr18:74817167,chr7:140487384
. :

2 MACF1 :: BRAF | 24.22 chr1:39723700,chr7:140481493 =
3 NCOA4 :: RET 88.68 chr10:51586411,chr10:43612032 eyT——— - :

‘8 5
4 CCDCE6 :: RET 90.64 chr10:61665880,chr10:43612032 | -
5 SPECCIL :: RET 93.47 chr22:24734445,chr10:43612032 ‘ - :

8 :
6 NCOA4 :: RET 86.91 chr10:51582939,chr10:43612032

RET_chr10_43612037_23_-_A1_GSP2 ] 1521/86.91 148
ERET
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CCDC6 ::

RET

93.88

chr10:61665880,chr10:43612032

GSP2s Filters. © Reads (#/%) © Start Sites.
RET_chr10_43612037_23.-_A1_GSP2 ® 1704/ 93.88
RET_chr10_43613843_23_-_A1_GSP2

RET_chr10_43615005_19_-_A1_GSP2

i[

8 NCOA4 :: RET 97.55 chr10:51582939,chr10:43612032 | = = Clstind  CRmes
RET_chr10_43612037_23 - A1_GSP2 ® 398/97.55 86

RET_chr10_43613843_23_-_A1_GSP2

|[

exon:12
ENCoOM ERET
9 NCOA4 :: RET 62.44 chr10:51586411,chr10:43612032 csr2s Fites Oreads(4%) __ @startsites
RET_chr10_43612037_23_-_A1_GSP2 s 123/62.44 50

RET_chr10_43613843.23__A1_GSP2

10

CCDC6 ::

RET

87.79

chr10:61665880,chr10:43612032

Gse2s Filters OReads (¢/%) O start Sites.
RET_Chr10_43612037.23_- A1_GSP2 ® 1055/89.73 142
ET_chr10_43613843 23, A1_GSP2
ET_chr10_43615005_19__A1_GSP2

»

&

11

NCOA4 ::

RET

86.34

chr10:51582939,chr10:43612032

GSP2s. Filters. @ Reads (#/%) O tart Sites
RET_chr10_43612037_23 - A1_GSP2 ® 146718634 126
RET_chr10_43613843 23 - A1_GSP2

RET_chr10_43615005_19_-_A1_GSP2

12

CCDC6 ::

RET

95.32

chr10:61665880,chr10:43612032

GSP2s Filters O Reads (#/%) O Start Sites

RET_chr10_43612037_23_-_A1_GSP2 ® 34619532 8
RET_chr10_43613843 23 - A1 GSP2
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CCDC6 :: RET 93.67

chr10:61665880,chr10:43612032

GSP2S Filters. 1 Reads (#/%) Ostart Sites
RET_chr10_43612037_2%.- A1_GSP2 G®
RET_chrl0 43613843 27 - A1 GSP2

C——
CCDC6 :: RET 82.65 | chrl0:61665880,chr10:43612032
e o
TMBIM4 :: FGFR3 | 42 chr12:66563665,chr4:1806198
" &ond
CHE
CCDC6 :: RET 88.76 | chrl0:61665880,chr10:43612032
, C—
R =
IGH :: FGFR3 10 chr14:106208682,chr4: 1806216
FGFR3_chr4_1806206_21_- A1_GSP2 24 6/10.00 7
. T
NCOA4 ::RET 96.46 | chr10:51582939,chr10:43612032
RET_chr10_43612037_23 - AT_GSP2 @ 245/%.46 7
ENCOM ERET
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17

CCDC6 :: RET

78.18182

chr10:61665880,chr10:43612032

18

SQSTM1:: NTRK1

62.43

chr5:179251323,chr1:156844363

19

TPR :: NTRK1

94.49

chr1:186319355,chr1:156844363

O Reads (#1%) 0 Start Sites
RET_chr10_43612037.23_- A1_GSP2 ® 4317818 %
ro—
* awr\\l
-
[
GSP2s Filters © Reads (#/%) @ Start Sites
NTRK1_chr1_156844367_21_- A1_GSP2 s 10801/62.43 309
NTRK1_chr1_156844737_23 - A1_GSP2
NTRK1_chr1_156845331_19_-_A1_GSP2
P —
P > ]
£ 5QsT™M1 £ NTRK1

GsP2s. Filters © Reads (#/%) © Start Sites
NTRK1_chr1_156844367_21_-_A1_G5P2 ® 3001/94.49 184

NTRK1_chr1_156844737_23 - A1_GSP2
NTRK1_Chr1_156845331_19_-_ A1_GSP2

]
i

20

IGH :: FGFR3

13.28

chr14:106208682,chr4:1806216

GSP2s Filters © Reads (#/%) @ start Sites
FGFR3_chr4_1806206_21_-_A1_GSP2 =< 17/13.28 12

,
. -~

20

TFG :: NTRK1

94.65

chr3:100447702,chr1:156844363

GSP2s Filters © Reads (#/%) O start Sites.
NTRK1_chr1_156844367_21_-_A1_GSP2 H 1821/94.65 179
NTRK1_chr1_156844737_23_- A1_GSP2

NTRK1_chr1_156845331_19_-_A1_GSP2

21

TPM3 :: NTRK1

87.25

chr1:154142876,chr1:156844363

BTG £ NTRK1
GSP2s. Filters. © Reads (#/%) © start Sites.
NTRK1_chr1_156844367_21_- A1_GSP2 ge 2354/87.25 235

NTRK1_chr1_156844737_23 - A1_GSP2
NTRK1_chr1_156845331_19__A1_GSP2

29




22

IRF2BP2:: NTRK1

98.73

chr1:234742817,chr1:156844322

GSP2s. Filters. © Reads (#/%) O start Sites
NTRK1_Chr1_156844367_21_- A1_GSP2 s 855/98.73 145
NTRK1_chr1_156844737_23_- A1_GSP2

NTRK1_chr1_156845331_19_-_A1_GSP2

£ IRF28P2

23

TPR :: NTRK1

97.7551

chr1:186320462,chr1:156844698

24

ETV6 :: NTRK3

56.84

chr12:12006495,chr15:88576276

GSP2s Filters. © Reads (#/%) © Start Sites

NTRK3_chr15_88576246_22_+ A1_GSP2 -] 4684/56.84 244
NTRK3_chr15_88524544_34_+ A1_GSP2

exon:14

:
[
;

25

SQSTMI:: NTRK3

78.91

chr5:179252226,chr15:88576276

GSP2s. Filters © Reads (#/%) O start Sites.

NTRK3_chr15_88576246_22_+ A1_GSP2 @ 9169/78.91 296
NTRK3_chr15_88483945_23_« A1_GSP2

B NTRG

26

ETV6 :: NTRK3

51.47

chr12:12022903,chr15:88576276

GsP2s. Filters. © Reads (#/%) O start Sites.

NTRK3_chr15_88576246_22_+ A1_GSP2 ® 2915/51.47 225

-
P |
- o ===

27 ETV6 :: NTRK3 25.78 chr12:12006495,chr15:88576276
L

= NTRKG

30



28

SQSTM1:: NTRK3

60.67

chr5:179251323,chr15:88576276

GSP2s.

NTRK3_chr15_88576246_22_+ A1_GSP2
NTRK3_chr15_88483945_23_+ A1_GSP2
NTRK3_chr15_88476390_20_+_ A1_GSP2

Filters © Reads (#/%) O Start Sites
s 3892/60.67 273

29

ETV6

:: NTRK3

55.4

chr12:12006495,chr15:88576276

NTRK3_chr15_88576246_22_+ A1_GSP2

30

ETV6

:: NTRK3

39.93

chr12:12006495,chr15:88576276

NTRK3_chr15_88576246_22_+_A1_GSP2
NTRK3_chr15_88524544_34_+ A1_GSP2

Filters. O Reads (#/%)
H 257373993

@ Start Sites

31

ETV6

:: NTRK3

14.87

chr12:12006495,chr15:88576276

(=2

NTRIG chr15 88576246 22 = AT_GSP2
ETVa chr12 12006456 23 ~ A1 GSP2

32

ETV6

:: NTRK3

43.18

chr12:12006495,chr15:88576276

NTRK3_chr15_B3576246.22 = AT GSP2
ETV6 chr12,12006456 23 + A1 GSP2
ETV6 chr12_1196218824_+ AT GSP2.

Pa—
-

@ Reads (#7%)
1063/43.18

ENRG

33

EMLA4

:: NTRK3

42.08

chr2:42472827,chr15:88576276

5P

NTRIG_chr15_86576246.22.+ A1 G5P2
NTRIG_chr15_88483945_23 » A1 GSP2

|[

EEML4

@ Reads (#7%)
802/4208

eoni4

st

"

31




34 ETV6 :: NTRK3 [ 19.94 [ chrl2:12006495,chr15:88576276 T
EE
A o — ENTRG
35 ETV6 :: NTRK3 | 21.2 chr12:12006495,chr15:88576276
36 ETV6 :: NTRK3 | 24.56957 | chr12:12006495,chr15:88576276
37 EML4:NTRK3 | 51.25561 | chr2:42472827,chr15:88576276
CEEE
38 ETV6:NTRK3 36.45135 | chr12:12006495,chr15:88576276 ET——
L
: =
39 EML4 :: ALK 3571 | chr2:42522656,chr2:29446394
e i -
_ = C—

32



SQSTM1:: NTRK3 | 57.04 chr5:179252226,chr15:88576276

- exon:14

£ NTRK3

EMLA4 :: ALK 96.47 chr2:42522656,chr2:29446394

STRN :: ALK 85.56 chr2:37143221,chr2:29446394

ALK_chr2_29446355_20_+_A1_GSP2 ® 1582/85.56 147
ALK_chr2_29446286_24_+_A1_GSP2
ALK_chr2_29445431_22_+_A1_GSP2

= .

E ALK

STRN ALK 90.55 chr2:37143221,chr2:29446394

ALK_chr2_29446355_20_+_A1_GSP2 Qe 297/90.55 62
ALK_chr2_29446286_24_+_A1_GSP2
ALK_chr2_29445431_22_+_A1_GSP2

= 3
STRN :: ALK 94.63 chr2:37143221,chr2:29446394 - ‘
: §
STRN :: ALK 74.51 chr2:37143221,chr2:29446394 - i

33




45

CTSB :: ALK

71.85554

chr8:11725510,chr2:29451932

E

ALK chr2_28451882.22 + A1 GSP2
ALK enr2_28450457_24 + A1 GSP2
ALK chr2 28445887 37_+ A1 GP2

@ Reads (41%)
4516/71.86

@ start Sites.

46

STRN :: ALK

80.62016

chr2:37143221,chr2:29446394

5P

ALK 2 29446355 20 + A1 GSP2
ALK 2 29446286 24 + A1 GSP2

47

STRN::ALK

87.5

chr2:37143221,chr2:29446394

GSP2s.

ALK c2 23446355 20 - A1 GSP2
ALK chr2 29446286 24 + A1 GSP2
ALK _chr2 2944543122+ A1_GSP2

Filters. O Reads (2/%)  @startSites
L] 104/8082 3
Y S— ! C—
d _ eon2)

BN EAK

Fifters © Reads (#7%) @StartSies

g® 175/87.50 47

— —

48

STRN :: ALK

92.81046

chr2:37143221,chr2:29446394

GSP2s.

ALK chr2 29446355 20_+ A1_GSP2
ALK chr2_ 23446286 24 » A1 G5P2
ALK chr2_ 23445431 22 + A1 G5R2

Filters ' Reads (#/%)
L] 14279281

49

IGH :: FGFR3

40

chr14:106208682,chr4:1806216

FGFR3 chré_1806206 21 -_A!_GSP2

50

PAXS8::PPARG

50.70027

chr2:113994178,chr3:12421203

34




TFG :: MET 26.51

chr3:100455560,chr7:116414935

GSP2s. Filters. © Reads (#/%) @ start Sites
TFG_chr3_100455517_26_+_A1_GSP2 s 57/2651
MET_chr7_116414939_29_-_A1_GSP2
TFG_chr3_100451480_31_+_8R_A1_GSP2

S

POR :: BRAF 55.12 | chr7:75601779,chr7:140487384
-

N POR wﬁﬁ

CCDC6 :: RET 92.68 | chr10:61665880,chr10:43612032

94

COE—
-
ETV6 = NTRK3 | 13.21

chr12:12006495,chr15:88576276

GSP2s Filters © Reads (#/%) © Start Sites
NTRK3_chr15_88576246_22_+ A1_GSP2 H 71671321
ETV6_chr12_12006456_23_+_A1_GSP2
ETV6_chr12_11992188 24 _+ A1_GSP2

I
~ e T
ETV6: NTRK3 | 2624 | chrl2:12006495,chr15:88576276 | o R
NTRK3_chr15_88576246_22_+ A1_GSP2 o 1835/26.24 132
SN
4 =
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Table 6. Comparison of gene fusions in differentiated thyroid carcinoma with wild type

BRAF from TCGA and SNU data

Current study Current study TCGA data  SNU data
Total patients random (N=244) (N=88)
(N=89) enrollment
(N=45)
Total gene fusions 55 (61.8%) 18 (40.0%) 74 (30.3%) (262%0/)
BRAF 3 (3.3%) 3(6.7%) 13 (5.3%) 3 (3'.40/00)
SND1::BRAF - - 3 (1.2%) 1 (1.1%)
MACFI::BRAF 1 (1.1%) 1 (1.1%) 1 (0.4%) -
RET 16 (17.9%) 7 (15.6%) 33 (13.5%) 4 (4.5%)
CCDC6::RET 9 (10.1%) 7 (15.6%) 21 (8.6%) 3 (3.4%)
NCOA4::RET 6 (6.7%) - 5(2.0%) 1 (1.1%)
NTRKI 6 (6.7%) 2 (4.4%) 4 (1.6%) 1 (1.1%)
SOSTM1::NTRK1 1 (1.1%) - 1 (0.4%) 1 (1.1%)
IRF2BP2::NTRK1 1(1.1%) - 1(0.4%) -
NTRK3 17 (19.1%) 3(6.7%) 6 (2.5%) 6 (6.8%)
ETV6::NTRK3 12 (13.5) 3(6.7%) 5(2.0%) 6 (6.8%)
EML4::NTRK3 2 (2.2%) - - -
ALK 10 (11.2%) 2 (4.4%) 4 (1.6%) 1(1.1%)
STRN::ALK 7 (7.9%) 2 (4.4%) 1 (0.4%) 1 (1.1%)
EML4::ALK 2 (2.2%) - 1 (0.4%) -
MET 1 (1.1%) 0 (0%) 1 (0.4%) 0 (0%)
FGFR?2 0 (0%) 0 (0%) 2 (0.8%) 2(2.3%)
PAX-PPARG 1 (1.1%) 1(2.2%) 4 (1.6%) 2(2.3%)
FGFR3 4 (4.5%) 2 (4.4%) 0 (0%) 0 (0%)

Abbreviations: TCGA, The cancer Genome Atlas; SNU, Seoul National University
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3. A AN ool mE 94 3 S Fol

N

ATl 3 BRAF Frd o7t §le B dAd dxsS A Aud
of ol wet 7 IFOoRE Wi AT 5SS B 7 Bl Aestsl
oh AR Aide] =559 SAES] vole FA4Ek 41.6 Al (AHES S 34.3-
51.6)= 2k Auj o]l gl txwrdd Hlaste] fojn kA F ATt (p<0.001). &
gk 2 B2 (21.8%) = vl shAl B A A 2= lom, AP o2 H S wd
© A84d F5Y A URE (92.7%)S 2HA s FolnEk ZfolE Kt
(p<0.001). A=} A o] = 5] AL T A71= T4 4k 1.6 cm (A9
T 0.9-2.2)Z Aujdo] sl A2 3.0 cmoll vl W&t F-2]w|skA 2FAdT} (p<0.001).
T, S R d@m A A A €] ZEo] 247 12.7% ©F 60%2] EAF| A gl o
AR Qe o] gl 79 (A2 23.5%9} 14.7%)0l ¥l aLste] 2] n) 3k xpo] = W AT}
(p=0.002). T2 Al <E I - Sholl M o] |3 (lymphatic invasion) ™=
89.1%% A AL A & o] {1 FAE 2] 50%0] B 1L s}o] f2]v] &k Al E3k (p<0.001).

T

T&e AH HZA dole Ak Aufd o] FrkE 1 oF k2138 1 (69.1%) 1 A

J

:

2
off

T
4,

Hof §72 Auf ol gl ghAEol vl fro|mlshAl B Wkt (p=0.003). a-A R, A
ol Hxde] A7y P2 A 9] I&L &t Ateldl SAARI Aol 7k ATk B 2] g}
Az st A T A9 2 AAE 45 7 9o ShAfol| A A A de] mE HEd
o]l & w2 FAEUES W, F- A A B o] U= 18 Y H5-15(83.3%)M A HZE A
o] 7} o] A AL Auj L o] gl H-9-2] 29.6%1 T} f-2] v 3HA o Bkt (p<0.001).

AR AQufE o] QL= FAE 2] e A oA | 114 93 (lymphocytic thyroiditis)
o] 41.8%= A} A H o] §li= FAE 2] 26.5%0] H]aLsto] Wol WA H ] o} F A
A o7 feouatx]E ekt YA A 247F 21 (3.6%) F 3™ (8.8%)0l A Kol 2}
ol 7} AL, 5 o] B2} BF A o] UK F9= A 8 0 = A F T fle WA
8ot ESAS Btk 259 o7t Ay o m o ik FE] A7]7F o
(AJCC TNM) 8 5t 7] ol wh= ™, 7304k Ajul A o] Sl fA55 4 1 7]l v
(89.1%) 3k A5 0] L FHE| ) i Aol L3 6o A XY FAES A9
83 9] A S o2 A S ol e Ak Aufd o] e s 22 A
al

stol, felmahAl @ vhol, A 9 Bope] 2], 1 B
=
=
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Table 7. Comparison of clinicopathological factors of patients with differentiated thyroid

carcinoma according to the presence of gene fusions

Gene fusion No gene fusion p-

(N=55) (N=34) value
41.6 (34.3— 60.1 (49.9-66.9) <0.001

Age (years) 51.6)
Gender (male) 12 (21.8%) 16 (47.1%) 0.024
Histology <0.001

Classic PTC 51 (92.7%) 11 (32.4%) <0.001

Follicular variant PTC 4 (7.3%) 15 (44.1%)

Tall cell subtype PTC 0 (0%) 2 (5.9%)

Follicular thyroid carcinoma 0 (0%) 6 (17.6%)
Primary tumor size (cm) 1.6 (0.9-2.2) 3.0 (1.54.4) <0.001
Extrathyroidal extension 0.002

Microscopic 33 (60.0%) 8 (23.5%)

Gross 7 (12.7%) 5 (14.7%)
Multifocality (yes) 21 (38.2%) 15 (44.1%) 0.740
Vascular Invasion (yes) 7(12.7%) 9 (26.5%) 0.175
Lymphatic Invasion (yes) 49 (89.1%) 17 (50.0%) <0.001
Lymph node metastases (yes) 0.003

Nla 16 (29.1%) 5 (14.7%)

N1b 22 (40.0%) 6 (17.6%)
Metastatic lymph node size (mm) 7.0 (3.0-13.0) 5.0 (2.5-7.0) 0.337
Extranodal extension (yes) 10 (18.2%) 4 (11.8%) 0.787
Lymphocytic thyroiditis (yes) 23 (41.8%) 9 (26.5%) 0.215
Distant metastasis (yes) 2 (3.6%) 3 (8.8%) 0.576
AJCC TNM 8" stage 0.009

I 49 (89.1%) 20 (58.8%)

11 5(9.1%) 10 (29.4%)

I 0 (0%) 1 (2.9%)

v 1 (1.8%) 3 (8.5%)

Abbreviations: PTC, papillary thyroid carcinoma; AJCC TNM, American Joint Committee on

Cancer Tumor Node Metastasis
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Figure 4. Comparison of gene fusions according to age of the patients
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Asterisks *** indicate p<0.001, * indicate p<0.05.
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Figure 5. The frequency of gene fusions according to histopathological subtype
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Abbreviations: PTC, papillary thyroid carcinoma; FV, follicular variant; FTC, follicular
thyroid carcinoma.

Asterisks *** indicate p<0.001, ** indicate p<0.01.
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Figure 6. Comparison of gene fusions according to tumor size (cm)
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1 FWol §l= 4% (41.7%)°] vaLste] ol ahAl 2 Ak AujE Rl

Figure 7. Comparison of gene fusions according to extrathyroidal extension
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Abbreviations: ETE, extrathyroidal extension.
Asterisks *** indicate p<0.001, ** indicate p<0.01.
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a9 62 A 1A dol {7k fi Aol e A A o] W1 2fol & Kool
3 JTh T AE H2E o] (NlayZh e 459 S45F 124 Ho] (NIb)7F &
85 72t 7F 76.2%5F 78.6%2] A Al A& FR1E = AL, H2H Holrt gle 3
b5 (42.5%) BT} ol v SHA A A E R =7} 35 9kt (p<0.01 18] 32 p<0.01). &
Ak, fxd dol o] M (Nla & Nib)oll whebA F-d2 Aufd o] vie= SAA o=

o v & zpo] 7t gIgAe.

Figure 8. Comparison of gene fusions according to cervical lymph node metastasis
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4. TERTEZZEE SAWo|9} # AR AMde) B4

oA o] L3+E 89 W o] SEALE £ 80 ol A TERT T2 FE 4 A}
[e)

=
ZF A E AT 1 F 11 (13.8%) 0 A 57 A} W) 7} EHelE] ¢ o B C228T W o]
(3]

2 U1 1), o5 F 6 WL o o] FF BAEOINT 1 H L )2 A
E ol ek AR 00, 12l 4 WL A o] Zek BART B Aol L3

AEA] FF ol M= TERT Z2EE =AW o]} SHQ1 5 A] ¢ 9kt TERT 25 E

Bol7} Q1= BAE 0] o] T4k 66.8 Al (A9 57.8-70.0)= o] 7} gli= 69
H o] BALE 451 Al (AFHE 914 37.4-56.4) BT} -2 v 3HA] Wk} (p<0 001). 69 4 ¢]
TERT 2R E] Wol7} gle A5 Foll A= 73.9%2] 2} Alvl g & K.§l31, TERT

22 wE Y|zt gl BApEe f7 A Dol FH 297 flol A G Aol

ol gk Ape] & B AT (p<0.001, Z1H 6)
Figure 9. Comparison of gene fusions according to presence of TERT promoter mutation
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5. Pan-TRK A% %2 884 4 3} NTRK AR} Avl & Q&4

I Aol A3 89 W 9] A5 F 44 W o]l U] &l pan-TRK ™ & 2] 5} 8H 3 4 & A g
SHRL 1282 4, 328 S0 R IRIHA o] AAES] FHA AL S &
Sk NTRK 73 2} A 42 -3 2T} (3£ 6). =, pan-TRK W & 4] 518} 1 42 58%
o] WIZFE, 96%°] 5ol%, 92%°] FA 5%, 18l 75%°] S d5EE BIlth
NTRKI 742} Ao & o] 59ke 47 9] 3252 pan-TRK W S 24 518G A o] A B
T Aol Atk NTRK3 -7 &} Al E o] FHke 15 1 o] A5 Foll A1+ 71 (46.7%)
AN FAS B ot G i Abololl FA A o= {-om] gk Aol = gl T (p=0.177).

Table 8. The results of pan-TRK immunohistochemistry stain and NTRK fusion

NTRK fusion (+) NTRK fusion (-) Total
(N=19) (N=25)

Pan-TRK THC stain

Positive 11(58%) 1 (4%) 12
Negative 8 (42%) 24 (96%) 32
Sensitivity 58%

Specificity 96%

Positive Predictive Value 92%

Negative Predictive Value 75%
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A 2] 90%017d S AFA ok - 3F A G2 10 =8 0] 85-95% % ol -7}
A ATk (3,48). L2t oF 10%el M 94 Zdol 7k d s, o] 4
9109 AEE0] 40%7HA] 7HAagt) (49). o] 1] 52 o] 7l el tiaf A
= AT A 2 okd S gletal A 5ol A st Ao M- T 2.5kt NTRK ©
A A Q1 larotrectinib 2} entrectinib, RET < A A 91 selpercatinib ¥} pralsetinib < 747341 ¢+
=S GO = g Ao A 79-89%2] A4 RE-GE o K. 3L 4 %] 9] larotrectinib
A&7 A 7% A Bejets sk A2 EARE B YTh27, 29, 30). ol @ A
= A ol W R A A 0w o] f14 A

Hj deto] 2 5= dvk e, 53 &F Al D2 BRAE
RAS A &AW olof Blalslo] o2 0= wh2 Rl g HhA & a1 JALE] Bl o] H]
A7) o] A 07 BE A S E ol A A&t ol = Ak o] ol Tt whebA
faIA R FAA AL o] = A SAE At 2 EFo] asty
o] = 9 Y SatEo] 8 sl S-S st o] vlg- T st
2 ATNA A A o] el 559 9] =2 A A d o] gl g2k
=oll Bl8l, ol ulstA ol 7k of 5l o, Ak Feke] A7) Akt o] Mol ol A
Hgk sk Ao A v 28 AbE Bl =, 3132 AluE o] &= FAE2 driver-

unknown (BRAF ©]1} RAS s small size mutation 2} A2} A uj o] gl 4 9) eA=
of RlaLstsle w fofnlatAl vhol 7 & Ak, i F Aol A Ak A Aol =
AE9] e dA HEZAA YAl 47.8%= driver-unknown $HAHE 0] T
22 (26.9%)°l Hlal wol wrio] HAou SAHCE ol shA] k= o=
ATolME sdeA BaHAT. Ao A Aufdo] e SAE e
41.8% A HEZ A o] LA AL o] T3 FA}F A A o] gl FAEY
26.5%° Hlaulsto] O 52 & 5 Atk B8 A A A Al A

el s oz vyt R Aol A ghele] Fasty 1 7ol e A7 2 s
Aoz Azttt o] 9] SRR e sty S om= A o Aad 32 Mol
1Al FFe] "2 AW (lymphatic invasion)©] 512} A A o] §li= fASell vl

°

al
FOEH B AS FAT 5 ATk GE B ATAAE v 5F A0E nas
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A Sk $hxke] A9 2 Aol 7f 9l $At ol LS s o] ol ¥
A 2 F s TR 2 AHEE 45 9] Aol A FAA Auf Dol w2 Hx A
do] Ad= A9 83.3% A
g ol 7t Qo] A A E o] §li= 792 29.6%E.tF frol v EHAl B w3kt
)

oA 89 ol FAES A

syttt 47 -2 17 711 9] A A5 A ¥H 5} = FusionPlex lung v2 31 9 2 FAALE 511 31,

o AA AR FA A A E S B 1 9] 21 A RF FusionPlex Pan Solid v2 panel

[e]
AAbE ) o] s

Ly

3% PAXS-PPARG A A} Au o] Bl YA $Ax} AQujde 2% 17

- A 9HS- AZ 33 FusinPlex Lung v2 3 gol] X &3

3 ol A A5+ BLAL%| = THADA, PPARG + A AL Al B & £3HekA] gkokr]ol, &
AR FAAY A SHAEANES 7FHsA Aok (1, 15). & A7-9]

= ]
Avbe 0 PP BAE BP0 1§ BG BA5 B FA ARG 24

|
o] 32} ol A 551 (61.8%)N A 2k Al G o] g1 %]
31 NTRK (25.8%), RET (17.9%), L 2] 3L ALK (7.9%) <oA1 2 -4 2} 2w & o] 221 ¥ ¢] v}
SHAI R T A9 2 A 45 H o] S YO E Sl S woll = A A Al
& 40%, RET 15.6%, NTRK3 6.7%, NTRK1 4.4%, ALK 4.4%, “1¥] 3L BRAF 6.7%% X1 T}
(GE 4). 7 el ti sk o] 7 Aol A= f-3 Ak A Fo] FA A O = 6-46%, RET
T2 A el A o] 8-30%, NTRK -2} A vl D o] 2-5%, 18] L ALK A A Auj L o] 1-
4 1, 15, 18, 38, 50-57). -
AT7F BRAF 32 AW 7F §le 3t 1S tid o= kgly] witel %4
o A AAIZE A H TCGA A1k =l A& tholl A T3E gt A7l A BRAF 44 =
Awol7t gl w3 e A ERt iR A4S 5Fl AL, XA 89 W O] S o
3] RIE7F ot 29 Ay 45 W o] AR B woll= & Ao] 7t fle s
& 5= AT, 21). E Aol A BRAF A AL A & 33% 2 K= o)< v
A9 2.0-5.3%} FrAFSFTE (38). TCGA Aol Al Q¥ MACFI::BRAF ©] 2ol %=

3% Hird g 1efsld 2 HE o
H

aly
=
o
=)
&2
K
%
v
o ~

R

POR::BRAF, MACF1::BRAF A A} Avl & o] ER1¥ =], o] 52 A2 =1 o] & 1A
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FrAZF Al D F 7ol T} (58).

AT = o] AT Eol A B A % FGFR3 A Alvf F o] k2449
(Patient No. 14,15,20, 712 31 49)0]| Al WA E Q31 o] F 3 & T} & F7F2] 2=} Afu)
& (RET2 ', NTRKI 1 78) ¥} s HFE| AT} B3 ALK 9} NTRK3 7 A} A vl & o] 5 Ao

Q1% 82} (Patient No. 39)% EH1E =] o] d A+ EelA+= olF =} Ajujd
(concomitant gene fusion)ol] W34 = Ha7} G} whaba] $ ol o153+ 3+x} 5 of] 3|
] += Droplet Digital PCR 2} Sanger sequencing = &3l A &<lo] & g 35}t}. o] 9} vt =
TCGA A9} =) Aol 4 0.8-2.3% W& FE QW FGFR2 54X} Aujg o B
AT A= A A Fgke=r o= i FrAdA wETE st

il Ao m AZbE T 3 13 oboll A ROST A Al E 2 v =& A KAl

¥ 31 ¢l 0™ ROSI:CCDC30, EZR::ROSI & % &7} 38 vh7} L) (42, 59). 715 71 0]
A 3 G5 32 @S EZR:ROSI AR Aluj o] FelE i e e
entrectinib x| =.0] ¥-5-0] L A TH(59).

BRAF °] 3 EdWol= 3} 1A ohel disE4Ql Edwololn o] F V60OE &
W o] 7} 71 E3FEH(60). BRAF A AL &R o) oF - 2 A ol A o] Az Aol o sl A

= o] 1=¢ko] 9Ith TCGA Aol A1 15.3%2) FAkol A1 §2074 Auj o] el =] 9l
5150.7%8] SR A BRAF 7314 B ¥ 0] 7} F1 5] Q) o1} F FH7} Uk B

67 "8 ©] BRAF +73 4} = AR o) 7} 2l el $hAko} 23 g of -4k Ajufj o] 2l 2}
S AE GE SAEIATQ. ol F R, B ATES S SR M RET & X
g3t AL Aol A2 BRAF & M 0] 9} g A] o] A EA] @ =Thal Ba1sEITH(23, 24).
AR AR AFELS ks = A Beolw BRAF A ¥

A 9= 571 2.5-194% 2 thgetH, o] A =

o o AvhE i B s Th61-64). & Aol A 541
(9:3%)°1 A1 BRAF™F =AW o] oF RET + 32 A o] &4
& BRAF =1 0] @55 0% Ql= ghabg ol wlel| ol shA| tho] 7} wokrhal Bals)
ATH (63). WHR7FA &, ThE Aol A = BRAF A A} W ol e} RET F- 32} Ajud o] &
Aol FelE SFAEL stage [ S IV E AH oz Afd 74+
3 B aEk Tl (62). T U2 Ao A= 72 1 9] PTC $HA} 5 BRAF =¥ 0] &} RET

Az} Al el FA o] Y= AL FE 147 (19.4%) 02 BIEow], FF stage =

p

o
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X
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o
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I} (64). 2020 ' 12 9 HE] A]gopat

[e;
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1 22
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4& fls BRAF
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Backgroud: Gene fusions play important roles in pathogenesis of cancer and have been used
as diagnostic and prognostic markers in various cancers. The prevalence of gene fusions in
thyroid cancer is ranges from single cases up to 80%. As targeted therapies for actionable gene
fusions have been developed, the clinical importance of targeted gene fusions is being
emphasized. Study evaluating clinical and pathological features of patients with gene fusions
is needed in order to screen gene fusions cost-effectively.

Methods: Among patients who diagnosed with thyroid cancer without BRAF gene mutation,
an experienced endocrinology pathologist selected 44 patients with suspected gene fusion
based on H&E slide findings and performed pan-TRK immunohistochemical (IHC) staining
and gene fusion test prospectively. Pathological findings include multinodular growth pattern,
prominent intratumoral fibrosis, clear cytoplasm and multiple cervical lymph node metastasis.
During the same period, 45 patients with thyroid cancer without BRAF gene mutation were
randomly included for gene fusion test. Therefore, a total of 89 formalin fixed paraffin
embedded (FFPE) thyroid cancer tissues with wild type BRAF mutation were collected for
gene fusion test. After extracting mRNA from FFPE, gene fusions were analyzed using Archer
Fusionplex panels. The prevalence of each gene fusion was compared in patients who were
selected by pathologist based on histological finding and who were randomly selected. We
also compared the prevalence of gene fusions with the results of other studies. The difference
of clinical and pathological characteristics of patients with gene fusions was evaluated. We
also investigated the association between TERT promoter mutation and gene fusions. Finally,
the predictive value of NTRK gene fusions by pan-TRK IHC was also analyzed.

Results: The median age of the total patients was 46.9 years old and 31.5% were male. Eithy-
three patients were diagnosed with papillary thyroid carcinoma (PTC) and the other 6 were
with follicular thyroid carcinoma (FTC). Among 89 patients with wild type BRAF thyroid
cancer, 55 (61.8%) patients identified to have gene fusions. The most commonly detected gene
fusion was NTRK, positive in 23 (25.8%) patients, including 17 NTRK3 cases and 6 NTRK1
cases. The second was RET, positive in 16 (17.9%) patients, followed by ALK in 10 (11.2%)
patients and BRAF in 3 (3.3%) patients. This was higher than the frequency reported by other
studies, however, the frequency of gene fusions in 45 patients who randomly included in this
study was similar with previous studies, with 40% of total gene fusion, 15.6% of RET, 3.6%
of NTRK3, 4.4% of NTRK 1, and 4.4% of ALK. Of the 44 patients selected by pathologist based
on histological findings, 37 patients (84.1%) had gene fusions, which was significantly higher
than that of 40% of randomly selected patients (p <0.001). In particular, NTRK3 showed a
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significant difference between two groups (34.1% Vs 6.7%, p = 0.003). Gene fusiosn were
identified in 82.3% of pateins with classic papillary thyroid carcinoma (PTC) and 21.1% of
pateints with follicular variant PTC. The median age of patiens with gene fusion was 41.6
(interquartile range[IQR] 34.3-51.6), which was significantly younger than that of patiens
without gene fusions(p<0.001). The median size of primary tumor in patients with gene
fusions was 1.6cm (IQR 0.9-2.2), which was significantly smaller than that (3.0cm) of tumor
size in the other group (p<0.001). However, more extrathyroidal extension (72.7% Vs 38.2%)),
cervical lymph node (LN) metastasis (69.1% Vs 32.3%), and lymphatic invasion (89.1% Vs
50.0%) were identified in patients with gene fusions compared with patients without gene
fusions. TERT promoter muation was identified in 11 patients and none of them showed
concomitant gene fusions. Pan-TRK IHC staining was performed in 44 patients, 12 showed
positivity in result. The test showed a sensitivity of 58%, a specificity of 96%, a negative
predictive value of 92%, and a positive predictive value of 75% for pedicting NTRK gene
fusions.

Conclusions: Most prevalence of the gene fusions in this study was relatively higher than
those of other studies. The prevalence of gene fusions in patients who were selected after
histological finding was higher than that of patients who were randomly enrolled, especially
for NTRK3 fusion. Patients with gene fusions were significantly younger than those without
gene fusions. The primary tumor size was significantly smaller, but more ETE and cervical
LN metastasis was identified in the patients with gene fusions. Pan-TRK IHC stain showed a
low sensitivity but very high specificity. The current study will be helpful in developing a cost-
effective screening protocol for patients with targeted gene fusions and would finally lead to
optimal treatment for patients with thyroid cancer especially for those who had advanced or

metastatic disease not amenable to RAI therapy.

Key words: thyroid cancer, gene fusion, target therapy, clinicopathological features
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