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carcinoma in children and adolescents

[ Abstract | Background and purpose: Thyroid cancer is one of the fastest increasing malignancies worldwide, and its incidence
in children and adolescents has also been increasing over the years. Meta-analysis were performed to investigate the correlation
between gene alteration patterns and distant metastasis of differentiated thyroid carcinoma (DTC) in children and adolescents.
Methods: Databases were used to search studies on the association between gene alteration patterns and distant metastasis of DTC
in children and adolescents, and STATA 14.0 software was used to analyze the gene alterations related to distant metastasis. Results:
Twenty studies involving 1 273 patients were included, and the analysis showed that negative BRAF V600E mutation and positive
RET gene fusion were risk factors for distant metastasis in DTC in children and adolescents, while NTRK gene fusion was not

significantly associated with distant metastasis. Conclusion: Our research identified several genetic alterations associated with distant

metastasis in DTC in children and adolescents, which could be guidance for prognosis assessment and treatment planning.

[ Key words ] Differentiated thyroid cancer; Children and adolescents; Distant metastasis; Gene mutation
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(PubMed= 670; Embase=471; WOS=2 090, CNKI=16)

'

N=2 293 studies after duplicates removed

Screening

Studies excluded with reasons:
Review, meta, case report: N=229

Inclusion N=2 064 studies after title and abstract review

| Studies excluded with reasons:
™| Not relevant: N=1976

A4

Analysis N=88 studies for full-texst reading

Studies excluded with reasons:

1. Could not download full-text: N=5
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Fig. 1 Flow chart for literature search processing in the meta-

analysis
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Tab.1 Characteristics of included studies

i ical Mean follow-
Published Study Definition Mean age D1sta.nt Surgica can OA ow Genetic Detection NOS
Author Country iod f ( ) metastasis/total treatment RAI/% up period events method alit
car CI10¢ car range 'V jualr
’ P 7 ¢ (%) (%) tlyear quality
Sui "'’ 2019 China 22%0158' <20 14.541+4.43 40/69 (57.8) TT (100.0) 100 2.7 BRAF NR M
Zhao """ 2020 China 22%0179 <20 NR 10/77 (13.0) NR NR NR BRAF DS M
Geng '™ 2019 China 22%(1%' <14 7.05%+1.65 6/39(15.4) NR NR NR BRAF DS M
s L1993 AGK-
Cordioli 2016 Brazil 2012 <18 11.36%£4.52 10/30(33.3) TT(100.0) NR NR BRAF RT-PCR M
) S 1993- i AGK- RT-PCR,
Sisdelli 2019 Brazil """ <18 12.64%4.08 24/80(30.0) TT(100.0) NR NR BRAF FISH M
BRAF DS
(6] ) 2005- 17.00
Chakraborty 2020 India ¢ <20 (14.0-19.0) 17/95(17.9) TT(832) 33.7 2.5 BRAF DS M
HT (16.8)
Givens ' 2014  America 12909192_ <18 13.55+3.33 5/19(26.3) TT(100.0) NR NR BRAF Pyrosequencing H
Geng '’ 2018 China 12%911' <18  (3.6-13.8) 7/48(14.6) TT(563) NR NR BRAF DS M
HT (43.7)
Onder ' 2016  Turkey 12%9155' <18 14.74%3.36 5/50(10.0) TT(100.0) 76.0 5.8 BRAF MASA-PCR  H
Geng "’ 2019 China  NR <18 NR 7/48 (14.6) TT(563) NR NR TERT DS L
HT (43.7)
Stosic ! 2021  Canada NR <18 12.80%2.90 11/52(21.2) NR NR NR BRAF  MASA-PCR  H
RET g-PCR
Franco >’ 2022 America 12908199' <18 14.53£2.99 22/131(16.8) TT (100.0) 65.6 NR RET NGS M
NTRK
BRAF
RAS
Cordioli ' ! 2017 Brazil  NR <18 11.80+4.48 13/35(37.1) TT(100.0) NR NR BRAF DS H
NTRK RT-PCR
AGK-
srap RT-PCR,FISH
RET RT-PCR
. [24] o2004- 17.00
Alzahrani 2020 Saudi %0 <18 (5.0-18.0) 5/48(10.4)  TT (100.0) 89.6 10.8 BRAF NGS M
RET
Potter ' *’ 2021 America 22%0156 <24 NR 10/36 (27.8) NR 94.0 NR BRAF NGS M
RET
NTRK
Lee ' 2021 Korea 3 <20 14304380 20/106(189)  NR NR 73 RET Various M
2020 = T ’ ’ methods
NTRK
ALK
BRAF
Pekova 2 2020 Czech 22%0139' <20 14.50%3.40 10/93(10.8) TT(88.2) 90.3 6.0 RET NGS,RT-PCR M
ST (11.8) NTRK
ALK
BRAF
(8] o 1998 _ 15.50
Alzahrani 2017 Saudi 0 <18 80-18.0) 9/79 (11.4)  TT(100.0) 92.4 5.4 BRAF DS M
Pekova 2019 Czech 22%0137' <20 142434 10/83(12.0) TT(86.7) 86.7 6.0 RET RT-PCR
HT (13.3) BRAF NGS
Alzahrani " 2016 Saudi  NR <18 (9106_'10;0) 8/55(14.5) TT(100.0) 89 NR BRAF DS M

NR: Not reported. TT: Total thyroidectomy. ST: Subtotal thyroidectomy. HT: Hemithyroidectomy. DS: Direct sequencing. RT-PCR: Reverse
transcription-polymerase chain reaction. FISH: Flurescence in situ hybridization. MASA-PCR: Mutant allele specific amplification-PCR. qPCR:
Quantitative PCR. NGS: next generation sequencing.
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SRR ST ) S AR i (1°=0.0%,
P=0.462 ) , >RFE RN BAITT5 BRAF V600E
SRAF A I, SREREFASRITFEX
(OR=0.22, 95% CI: 0.13~0.38, P<<0.000 01,
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AEPTC IR A 5% 8 1) B IR T JCBRAF V600E
RASHE Y JCBRAF V600EZ 751 )38 N /4R
DTCHEF AL ERR R

Study %

D OR (95% CI) Weight

Sui (2019) —— 0.08 (0.02,0.37) 14.46

Zhao (2020) —— 0.79(0.15,4.21) 396
0.75 (0.18, 3.04) 642

Sisdelli (2019) +——
Chakraborty (2020) 0.14 (0.01,2.45) 6.62

0.09 (0.00, 1.95) 5.34

Geng (2018) B —

0.69 (0.12,4.02) 425
Onder (2016) —_— 0.18 (0.01,3.45) 446
Stosic (2021) —r ] 0.60 (0.06, 6.06) 279
Franco (2022) : 0.05 (0.00,0.93) 13.49
Cordioli (2017) —_— 027 (0.01,5.63) 296
Potter (2021) R 047 (0.05,4.58) 340
Lee (2021) —_— 0.06 (0.01,0.44) 2007

Pekova (2020)
Alzahrani (2017)
Overall (I°=0.0%, P=0.462) <>

0.17 (0.01, 3.01) 5.56
0.14 (001, 2.50) 622
0.22 (013, 0.38) 100.00

T

T T
0.003 11 1 322

E2 BRAFVE0OERZESILER BV EDTCEF LB KRN
ARIRE
Fig. 2 Forest plot concerning the association of BRAF V600E
mutation with distant metastasis in DTC in children and

adolescents
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W (36.1% ) 5 JGRETH: A 43256,
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P=0.137) , >R JH & Z0w B8 T35 RE THE A fil
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(OR=3.55, 95% CI: 2.16~5.85, P<<0.000 01,
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R I AL B A () AU S TCRE THE M il & 193,55
W, BIICRETH R G 2 LB M5 DAEDTC R
VEALFE RS Y fE 6 R 2

Study

D OR (95% Cl) Weight
Stosic (2021) ) S 2.63(0.55, 12.55) 11.96
Franco (2022) e 3.40(1.26,9.21) 2635
Cordioli (2017) 139 (0.31,6.29) 18.65
Alzahrani (2020) 0.56 (0.06, 5.49) 14.74
Potter (2021) T 1800264, 12262)  2.96
Lee (2021) — = 3.59(1.23,10.49) 20.18
Pekova (2020) "—‘_ 14.44 (2.82,74.10) 5.16
Overall (1=38.3%, P=0.137) <> 3.55(2.16,5.85) 100.00

T T
0.008 16 1 123

El3 RETERmMESILEREVEDTCREERLEBXRE
HRIE
Fig. 3 Forest plot concerning the association of RET gene fusion

with distant metastasis in DTC in children and adolescents
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Fig. 4 Forest plot concerning the association of NTRK gene fusion

with distant metastasis in DTC in children and adolescents
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Fig. 5 Funnel plot for assessing publication bias of the association

between NTRK gene fusion and distant metastasis in DTC in

children and adolescents
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