Table S1. Clinicopathological features of sporadic childhood PTCs according to the oncogenes

Number of patients
Age, mean + SD, years
Sex, F/M (%F)

Tumors size, mean = SD, mm

microcarcinoma
11-20 mm
>21 mm
pT category
1
2
3
Lymph node metastasis
Nla
Nl1b

Distant metastasis

Multifocality
Intrathyroidal spread
Extrathyroidal extension
Vascular invasion
Tumor capsule
Invasiveness score

0

1

2

3

4 (max)
Clinical stage

I

II
Dominant component

papillary

follicular

solid-trabecular

BRAFY"E RET/PTCI  RET/PTC3 ETV6ex4/NTRK3 ~ TBLIXRI/RET' TNIPI/RET' AnyRET/PTC  Unknown
5 (14.7%) 4 (11.8%) 6 (17.6%) 6 (17.6%) 1 (2.9%) 1 (2.9%) 12 (35.3%) 11 (32.4%)
13.6+12 11.7+2.0 11.9+32 126+ 1.5 11.4 13.0 119424 122+3.1
5/0 (100%) 3/1 (75%) 1/5(16.7%)  5/1(83.3%) 1/0 (100%) 1/0 (100%)  6/6 (50%) 6/5 (54.5%)
14.4+3.4 213+159 19.3+10.1 128429 17 35 214117 15.7+8.5
1 (20%) 0 1 (16.7%) 1 (16.7%) 0 0 1 (8.3%) 3(27.3%)
4 (80%) 3 (75%) 2(33.3%) 5 (83.3%) 1 (100%) 0 6 (50.0%) 5 (45.5%)
0 1 (25%) 3 (50.0%) 0 0 1 (100%) 5 (41.7%) 3(27.3%)
5 (100%) 3 (75%) 2 (33.3%) 6 (100%) 1 (100%) 0 6 (50%) 8 (72.7%)
0 0 1 (16.7%) 0 0 1 (100%) 2 (16.7%) 3(27.3%)
0 1 (25%) 3 (50.0%) 0 0 0 4 (33.3%) 0

5 (100%) 4 (100%) 6 (100%) 3 (50%) 1 (100%) 1 (100%) 12 (100%) 6 (54.5%)
2 (40%) 1 (25%) 0 0 0 0 1 (8.3%) 1 (9.1%)

3 (60%) 3 (75%) 6 (100%) 3 (50%) 1 (100%) 1 (100%) 11 (91.7%) 5 (45.5%)
0 0 1 (16.7%) 0 0 0 1 (8.3%) 0

0 1 (25%) 2 (33.3%) 1 (16.7%) 0 1 (100%) 4 (33.3%) 1 (9.1%)

4 (80%) 3 (75%) 6 (100%) 5 (83.3%) 1 (100%) 1 (100%) 11 (91.7%) 8 (72.7%)
0 0 3 (50.0%) 0 0 0 3 (25.0%) 0

5 (100%) 4 (100%) 6 (100%) 6 (100%) 1 (100%) 1 (100%) 12 (100%) 10 (90.9%)
0 0 0 0 0 0 0 2 (18.2%)
0 0 0 0 0 0 0 1(9.1%)

0 0 0 1 (16.7%) 0 0 0 1(9.1%)

1 (20%) 1 (25%) 0 2 (33.3%) 0 0 1 (8.3%) 4 (36.4%)
4 (80%) 2 (50%) 0 2 (33.3%) 1 (100%) 0 3 (25.0%) 4 (36.4%)
0 1 (25%) 6 (100%) 1 (16.7%) 0 1 (100%) 8 (66.7%) 1(9.1%)

5 (100%) 4 (100%) 5(83.3%) 6 (100%) 1 (100%) 1 (100%) 11 (91.7%) 1 (100%)
0 0 1 (16.7%) 0 0 0 1 (8.3%) 0

5 (100%) 4 (100%) 1 (16.7%) 1 (16.7%) 0 1 (100%) 6 (50.0%) 4 (36.4%)
0 0 0 4 (66.7%) 0 0 0 6 (54.5%)
0 0 5(83.3%) 1 (16.7%) 1 (100%) 0 6 (50.0%) 1(9.1%)

I these fusion genes were discovered using RNA-seq as described in details in the corresponding subsection below
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Table S2. Statistical assessment of clinicopathological features of sporadic childhood PTCs according to the oncogene!

BRAF"¢0E RET/PTCI RET/PTC3 ETV6ex4/NTRK3 TBLIXRI/RET TNIP1I/RET Any RET/PTC Unknown

Number of patients (%) 5 (14.7%) 4 (11.8%) 6 (17.6%) 6 (17.6%) 1 (2.9%) 1 (2.9%) 12 (35.3%) 11 (32.4%)
Age at operation, years 0.196; 0.193 0.364; -0.131 0.775; -0.046 0.912; -0.020 0.588;-0.110 0.941; 0.022 0.292; -0.156 0.856; 0.029
Sex 0.137; 0.307 1.0; 0.079 0.014; 0.465 0.389; 0.180 1.0; 0.129 1.0; 0.129 0.265; 0.227 0.459; 0.147
Tumor size, mm 0.962; -0.011 0.630; 0.071 0.612;0.077 0.364; 0.136 0.647; 0.090 0.176;0.218 0.146; 0.218 0.490; -0.103
microcarcinoma 1.0; 0.026 1.0; 0.169 1.0; 0.012 1.0; 0.012 1.0; 0.081 1.0; 0.081 0.389; 0.180 0.363;0.175
11-20 mm 0.379;0.179 0.627;0.120 0.202; 0.240 0.364; 0.231 1.0; 0.146 0.412; 0.208 0.487;0.132 0.458; 0.188

>21 mm 0.309; 0.230 1.0; 0.013 0.126; 0.289 0.297; 0.257 1.0; 0.097 0.235;0.314 0.098; 0.316 1.0; 0.061
pT category 0.348; 0.249 0.511;0.199 0.005; 0.560 0.269; 0.278 0.831;0.104 0.050; 0.419 0.012; 0.508 0.160; 0.328

pT1 0.293; 0.249 1.0; 0.012 0.031; 0.422 0.162; 0.278 1.0; 0.104 0.265; 0.290 0.040; 0.394 1.0; 0.013

pT2 and pT3 0.293; 0.249 1.0; 0.012 0.031; 0.422 0.162; 0.278 1.0; 0.104 0.265; 0.290 0.040; 0.394 1.0; 0.013
Lymph node metastasis 0.309; 0.230 0.551; 0.203 0.297; 0.257 0.126; 0.289 1.0; 0.097 1.0; 0.097 0.030; 0.410 0.079; 0.357

Nla 0.094; 0.364 0.409; 0.150 1.0; 0.169 1.0; 0.169 1.0; 0.064 1.0; 0.064 1.0; 0.079 1.0; 0.057
Nl1b 1.0; 0.041 1.0; 0.079 0.069; 0.342 0.641;0.142 1.0; 0.129 1.0; 0.129 0.024; 0.417 0.138;0.279

Distant metastasis (M1) 1.0; 0.072 1.0; 0.064 0.176; 0.376 1.0; 0.081 1.0; 0.030 1.0; 0.030 0.353;0.236 1.0; 0.120
Multifocality 0.559;0.192 0.559; 0.070 0.281; 0.190 1.0; 0.012 1.0; 0.081 0.176; 0.376 0.154; 0.304 0.638; 0.155
Intrathyroidal spread 1.0; 0.026 0.559; 0.070 0.562;0.214 1.0; 0.012 1.0; 0.081 1.0; 0.081 0.389; 0.180 0.363; 0.175
Extrathyroidal extension 1.0;0.129 1.0; 0.114 0.003; 0.672 1.0; 0.144 1.0; 0.054 1.0; 0.054 0.037; 0.421 0.535;0.215
Vascular invasion 1.0; 0.072 1.0; 0.064 1.0; 0.081 1.0; 0.081 1.0; 0.030 1.0; 0.030 1.0; 0.129 0.324; 0.252
Tumor capsule 1.0; 0.104 1.0; 0.091 1.0;0.116 1.0;0.116 1.0; 0.595 1.0; 0.044 0.529; 0.185 0.098; 0.361
Invasiveness score 0.322; 0.381 1.0;0.133 0.001; 0.717 0.617; 0.266 1.0; 0.221 0.618; 0.270 0.008; 0.620 0.167; 0.413
0 1.0; 0.072 1.0; 0.064 1.0; 0.081 1.0; 0.081 1.0; 0.030 1.0; 0.030 1.0; 0.129 0.324; 0.252

1 1.0; 0.104 1.0; 0.091 1.0; 0.116 0.326; 0.212 1.0; 0.044 1.0; 0.044 0.529; 0.185 1.0; 0.094
2 1.0; 0.035 1.0; 0.013 0.297; 0.257 0.609; 0.107 1.0; 0.097 1.0; 0.097 0.210; 0.265 0.388; 0.209

3 0.059; 0.357 0.627; 0.088 0.062; 0.364 1.0; 0.047 0.382;0.221 1.0; 0.137 0.292; 0.201 1.0; 0.027
4 0.291; 0.268 1.0; 0.035 <0.001; 0.717 0.644; 0.129 1.0;0.112 0.294; 0.270 0.001; 0.604 0.113;0.308
Dominant component 0.063; 0.440 0.125; 0.387 0.001; 0.656 0.077; 0.384 0.235;0.314 1.0; 0.185 0.004; 0.569 0.087; 0.396
papillary 0.016; 0.440 0.039; 0.387 0.180; 0.282 0.180; 0.282 1.0;0.164 0.471;0.185 1.0; 0.044 0.477;0.148
follicular 0.291; 0.268 0.296; 0.236 0.148; 0.081 0.048; 0.378 1.0;0.112 1.0;0.112 0.006; 0.477 0.045; 0.381
solid-trabecular 0.309; 0.230 0.551; 0.203 0.001; 0.653 1.0; 0.075 0.235;0.314 1.0; 0.097 0.013; 0.461 0.227; 0.235

Oncocytic changes 1.0; 0.104 1.0; 0.091 1.0; 0.116 0.326; 0.212 1.0; 0.044 1.0; 0.044 0.529; 0.185 1.0; 0.094

'each cell contains two numbers: first is a p-value from the Mann-Whitney (age and tumor size) or Fisher exact test (all other categorial variables); the second is
Kendall’s tau-b rank correlation coefficient (age and tumor size) or Cramer’s V effect size (all other categorial variables); the magnitude of the effect size: V~0.1
small, V~0.3 medium, V~0.5 large
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Table S3. Frequency of the BRAF"5"E mutation in pediatric PTC of radiation and sporadic etiology in
dafferent countries

Country Patients’ age N BRAFY60E % Sampling Reference!

Radiation-related

Belarus 6-20 34 0 0 1991-1992 [1]
Belarus 16.0£5.0 64 10 15.6 1995-1998 [2]
Belarus/Ukraine 12-31 21 2 9.5 1995-1998 [1]
Ukraine 13.8 (10.3-15.7) 27 1 3.5 1995-2001 [3]
Ukraine 14.3 15 0 0 1998-2000 [4]
Ukraine 17.7 (14-24) 33 8 24.2 NS (2016)!2 [5]
Ukraine 18.0 (13 - 23) 26 2 7.7 1998-2007 [6]
Ukraine 27.1 62 9 14.5 1998-2007 [7]
Ukraine 15.9 (13-18) 16 2 12.5 1998-2004 [8]
Czech Republic NS (6-20) 2 0 0 2003-2017 [9]
Canada <18 2 0 0 NS (2018) [10]
Colombia 11.8 1 0 0 2009-2018 [11]
Brazil <18 3 0 0 NS (2019) [12]
USA <10-23 8 0 0 2005-2016 [13]
Sporadic

Belarus 12.4 (2-16) 34 5 14.7 2001-2007 Present study
Ukraine 11.9 (7.9-15.1) 8 0 0 1995-2001 [3]
Ukraine 15.6 (5-19) 27 7 25.9 1999-2009 [6]
Ukraine 16.3 (7-21) 32 6 18.8 NS (2016)>3 [5]
Ukraine 15.4 (10-18) 32 10 31.3 1998-2004 [8]
Czech Republic 16.3 (11-19) 81 15 18.5 2003-2017 [9]
Serbia 8-18 8 1 12.5 1995-2008 [14]
France/Italy 8-19 28 3 10.7 2002-2010 [15]
Portugal/UK <18 17 1 5.9 NS, (1963-1992 UK) [16]
Portugal 5-17 11 0 0 2002-2007 [17]
Turkey 16 (6-18) 50 15 30 1995-2015 [18]
Turkey 12.4 (1-17) 56 14 25 1983-2015 [19]
Saudi Arabia <I8 84 9 10.7 1998-2015 [20]
Saudi Arabia 12-18 3 1 333 1987-2006 [21]
Saudi Arabia 17 (5-18) 48 9 18.8 2004-2019 [22]
India <20 98 14 14.3 2005-2018 [23]
China 3-13 48 17 354 1994-2014 [24]
China <21 30 16 533 2015-2018 [25]
Japan <20 81 44 543 1991-2013 [26]
Japan 11.3(<15) 31 1 3.2 1962-1995 [4]
Japan 12.7 (9-14) 9 3 333 2013-2014 [27]



Brazil <18 35 3 8.6 NS (2017) [28]
Brazil <18 77 12 15.6 NS (2019) [12]
Colombia 11.8 15 1 6.3 2009-2018 [11]
USA 17.5 (10-21) 20 0 0 NS (2005) [29]
USA 15 (10-17) 20 4 20 1985-2004 [30]
USA <21 11 2 18.2 2007-2011 [31]
USA 12-16 5 2 40 2009-2012 [32]
USA 10-19 27 10 37 2009-2014 [33]
USA 14 (12-17) 13 4 30.8 2008-2012 [34]
USA 13.7 (2-18) 19 7 36.8 1999-2012 [35]
USA 14.7 (7.9-18.4) 34 9 26.5 2001-2013 [36]
USA 0-15 9 5 55.6 1973-2005 [37]
USA 15 (4-18) 62 12 19.4 1989-2012 [38]
USA 12-22 8 2 25 NS (2017) [39]
USA <17 8 0 0 NS (2017) [40]
USA 0-21 50 24 48.0 2003-2015 [41]
USA <10-23 31 6 19.4 2005-2016 [13]
USA 14 (6-18) 63 12 19.0 1989-2012 [42]
Canada 14.4 (10-17) 28 5 17.9 NS (2018) [10]
3 I'NS, not specified (year of publication); % estimated period 1999-2009
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Table S4. Frequency and prevalence of RET/PTC1 and RET/PTC3 rearrangements in pediatric PTC of radiation
and sporadic etiology in different countries

Country Patients’ age N RET/PTCI (%) RET/PTC3 (%) Sampling Reference

Radiation-related
Belarus 8-19 12 2 (16.7) 6 (50) 1993-1995 [43]
Belarus 15-18 38 6 (15.8) 22 (57.9) 1991-1992 [44]
Belarus 8-15 51 12 (23.5) 12 (23.5) 1993-1997 [45]
Belarus, Ukraine <15 61 13 (21.3) 3(4.9) 1990-1994 [46]
Belarus, Ukraine <15 45 7 (15.6) 12 (26.7) 1995-1996 [46]
Belarus 12.9 (11-17) 32 9 (28.1) 13.1) 1996 [47,48]
Belarus 6-18 39 9 (23.1) 11 (28.8) 1995-1997 [49]
Ukraine 6-18 28 5(17.9) 12 (42.9) 1995-1997 [49]
Belarus <14 99 19 (19.2) 26 (26.3) 1993-1998 [50]
Belarus 12.0 (10-17) 25 5(20.0) 8(32.0) NS (2001)! [51]
Ukraine 12-31 21 2(9.5) 6 (28.6) 1995-1998 [1]
Ukraine 11-18 8 1 (12.5) 3(37.5) NS (2005) [52]
Ukraine 18.0 (13-23) 26 4 (15.4) 7(26.9) 1998-2007 [6]
Ukraine 20.1-23.6 (20-29) 62 14 (22.6) 8(12.9) 1998-2007 [7]
Ukraine 15.9 (13-18) 16 2 (12.5) 4 (25.0) 1998-2004 [8]
Czech Republic NS (6-20) 2 0 0 2003-2017 [9]
Canada <18 2 0 0 NS (2018)

Sporadic

Belarus 12.4 (2-16) 34 4 (11.8) 6(17.6) 2001-2007 Present study
Ukraine 15.6 (5-19) 27 5 (18.5) 2(7.4) 1999-2009 [6]
Ukraine 15.4 (10-18) 32 5 (15.6) 1 (3.1%) 1998-2004 [8]
Czech Republic NS (6-20) 81 12 (14.8) 6(7.4) 2003-2017 [9]
Serbia 8-18 8 5(62.5) 0 1992-2008 [14]
France 9-15 0 1(25.0) NS (1997) [53]
Italy 16 (8-18) 25 5(20) 4 (16.0) NS (2001) [51]
Italy/France 8-19 28 2(7.1) 6(21.4) 2002-2010 [15]
Italy 9-16 4 0(0) 1(25.0) NS (2002) [54]
Italy <19 9 3(33.3) 1(11.1) NS (1996) [55]
Saudi Arabia 12-18 3 0 0 1987-2006 [21]
Saudi Arabia 17 (5-18) 48 9 (18.8) 4(8.3) 2004-2019 [22]
China <20 6 3 (50) 2005-2006 [56]
China/HK 12 1 0 1 (100) NS (2002) [57]
Japan 11-19 31 10 (32.3) 4(12.9) NS (2005) [58]
Japan 12.8 (9-14) 10 2 (20) 1 (10.0) 1980-1995 [59]
Japan 12.7 (9-14) 9 3(33.3) 0 2013-2014 [27]
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Brazil <18 35 6 (17.1) 6 (17.1) NS (2017) [28]
USA 9 1 1 (100) 0 NS (2004) [60]
USA 18 (6-21) 33 8(24.2) 2(6.1) NS (2002) [61]
USA 15-18 23 8 (34.8) 3 (13.0) since 1974 [44]
USA <1 11 3(27.3) 0 2007-2011 [31]
USA NS 5 1 (20.0) 0 2009-2012 [32]
USA 14 (12-17) 13 1(7.7) 1(7.7) 2008-2012 [34]
USA 14.7 (7.9-18.4) 34 5(14.7) 1(2.9) 2001-2013 [36]
USA 15 (4-18) 62 10 (16.1) 2(3.2) 1989-2012 [38]
USA 12-22 8 1 (12.5) 0 NS (2017) [39]
USA 17.5 (11-21) 12 5(41.7) 2 (16.7) NS (2005) [29]
USA 14 (6-18) 63 5(7.9) 4(6.3) 1989-2012 [42]
Canada 14.0 (10-17) 28 3(10.7) 4(14.3) NS (2018) [10]

I'NS (2001), not specified (year of publication)
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Table SS. Frequency and prevalence of ETV6/NTRK3 and AKAP9/BRAF rearrangements, and of
point mutations in the RAS family genes in pediatric PTC of radiation and sporadic etiology in
different countries

Country Patients’ age N Positive % Sampling Reference
ETV6/NTRK3

Radiation-related
Ukraine 18.0 (5-19) 26 2 7.7 1998-2007  [6]
Ukraine 22.7(14-32) 62 9 14.5 1998-2008  [62]
Ukraine 15.9 (13-18) 16 1 6.3 1998-2004  [8]

Sporadic
Belarus 12.4 (2-16) 34 6 17.6 2001-2007  Present study
Ukraine 15.6 (5-19) 27 2 7.4 1999-2009  [6]
Ukraine 15.4 (10-18) 32 2 6.3 1998-2004  [8]
Saudi Arabia 17 (5-18) 48 4 8.3 2004-2019  [22]
Japan 12.7 (9-14) 9 1 11.9 2013-2014  [27]
Brazil <18 35 3 8.6 NS (2017)!  [28]
USA 13 (8-17) 18 3 16.7 2002-2014  [63]
USA 15 (6-18) 27 5 18.5 2009-2015  [64]
USA <10-23 25 2 8.0 2005-2016  [13]
USA 14 (6-18) 63 2 3.2 1989-2012  [42]
AKAPY/BRAF

Radiation-related
Belarus 11.4+£3.6 28 3 10.7 1991-1992  [2]
Belarus 16.0£5.0 64 0 0 1995-1998  [2]
Ukraine 18.0 (5-19) 26 1 3.8 1998-2007  [6]
Ukraine 159 (13-18) 16 0 0 1998-2004  [8]

Sporadic
Belarus 12.4 (2-16) 34 0 0 2001-2007  Present study
Ukraine 15.6 (5-19) 27 0 0 1999-2009  [6]
Ukraine 15.4 (10-18) 32 0 0 1998-2004  [8]
Japan 12.7 (9-14) 9 0 0 2013-2014 [27]
RAS

Radiation-related
Belarus 5-19 33 0 0 1991-1992  [65]
Belarus NS, "children" 34 0 0 1992 [66]
Ukraine 14.3 15 0 0 1998-2000  [4]
Ukraine 18.0 (5-19) 26 0 0 1998-2007  [6]
Ukraine 20-29 62 5 8.0 1998-2008  [62]
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NS (2018)

NS (2017)
2001-2013

2009-2012
1989-2012

8of 16

(8]

NS (2003-2017) [9]

Present study
[6]
[8]

[9]
[67

[15
[20
[22

[4]

—_— e [—

[42]

I'NS (2017), not specified (year of publication); ? years of sampling in the study;
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Gene Primer Sequence, 5°-3’ tem?gil;t?llri:%‘@) /2351(1];;;1 Reference  Southern blotting probe sequence, 5°-3’
e RIS 5w m
s s .19 SSASELECCTECTTCCAG s w m
oy RSSO s m m
KRAS (codons 12, 13). 11 A ATSGICAGAGAAACCT 60 20 7]
K-RAS (codon 61) D T CTTAATGTCAGCTT 60 68 [27]
N-RAS (codons 12,13). T & A ATGATCOGACAAGTGAGCG 63 % 27]
vasscam TIoMCTICCCTCCEICCCTOC s e om
RET/PTCI g%g%ggg%%ﬁi%&%é%?&* 56 252 [27]  GCGTTACCATCGAGGATCCAAA
RET/PTC3 ?%ggggg?&{%ﬁgﬁg?ﬁﬁﬁgc 59 154 271  AGAACAGTCAGGAGGATCCAAA
AKAPY/BRAF R A oA T T OGA 56 181 2] AAACTTCAGAAAGAACTCAATGTACTT
ETVS(ext)/NTRK3  So LT A IaAsAS 55 97 [62]  AACCATGAAGAAGGTCCCGT
ETV6(ex5)/NTRK3 ?ggfgfggﬁgﬁgggggg@ 60 139 [62]  AGAATAGCAGGTCCCGTGGC
TBLIXRI/RET A AL A IOATGTCACA 62 243 Present study AGTAGACAAGGAGGATCCAAA

TCCAAGATTGAAATGGAGGAGACC
TNIPI/RET TTCGCCTTCTCCTAGAGTTTTTCC

58

216

Present study GCTCAACAAGGAGGATCCAA

3
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