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CHEN Chao’, HE Qing-yuan®, HAN Xiao-peng’

(1. The First Clinical Medical College , Gansu University of Traditional Chinese Medicine , Lanzhou 730000,
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Abstract: [Objective] To investigate the association between the double mutation of BRAF and TERT
genes and lymph node metastasis of papillary thyroid carcinoma(PTC). [ Methods ] PubMed, Cochrane
Library, Web of Science, Chinese Biomedical Literature Database(CBM), CNKI, Wanfang database
and VIP database were searched for articles related to the expression of BRAF and TERT in PTC pa-
tients and their clinicopathological characteristics. Meta-analysis was performed with Review Manager
5.4 software. The random effect model was selected by heterogeneity test to combine its effect size(RR)
and 95% confidence interval(95%CI), and sensitivity analysis and publication offset assessment were al-
so performed. [Results] According to inclusion and exclusion criteria, 17 Chinese and English articles
were included for Meta-analysis, in which 5 660 cases were involved including 3 43 cases with BRAF
and TERT mutations. The RR of combined effect size was 1.26 (95%Cl. 1.07~1.48, P=0.006); if 3
studies with high heterogeneity was excluded, the RR was 1.31(95%CI: 1.16~1.48, P<0.001). If 5 arti-
cles with dissected lymph nodes in the central region were separated, the RR was 1.31 (95%CI. 1.02~
1.69, P<0.05). [Conclusion] Double mutation of BRAF and TERT genes is positively correlated with
lymph node metastasis in PTC, which significantly increases the probability of lymph node metastasis in
the central region.
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FFODR R S 18 A TN 43 0 2R 50 B L F10) S 0t
VT 30 A H AR AR 2B B NI S T 169% 1,
IRBRFL LRI (papillary thyroid carcinoma,PTC) j&
FH PR g 0 Ry L 1 B 4 AR e IR B
1 90% , PTC AR5 41 21 2% W] 43 Ry g i 7Y | & 4
JHL SIS A TR A0 S B 4 10 AR Hoh R £
WA FRIR G, Sl BB R YT AR R ERAR 5 4F 1T
R, ARWAT T R AR R IR L 25 585 . AR
LS I B 2 R 5w H AR RN, 2
X T A B R AT I b L 3 A D R A Y
(14 ) R AT S S v 1 DA, AN 2 AR 7 0500 7 3
CT, XF T BRI B 25 % B8 1) o o PR AT 5 K, A i)
SE DL B4 Bl /N B e B AR L 4% A B R Bk R 1
B RASHEERNGEE R BB EHRFA, ]
PO s KU HEL A 228 M 1 PTC B R I IR ik 5 fif
YL I A, T AESK T PTC A LRI 78 B B R A
R R AE B LIRS B o TR & o s T H K
P AHOCHE DR 2 20 4R Sy AR g 1) 4l B 12 Wb
Y FPEAG B WS O, Ko i A Rk
PEMEJE BRAF JEH %272 5 TERT i 8 F 572

BRAF JE[H G 0% I8 7 22 %8 )5 1% b 86 11 It/ 40 i
HME 5 R T AR T A0 I 0 T T DA 0 A R K
SR TS, 5102 NZEME I 0 kA R R
HYIA S P WAL HE PTCP), BF9E W] BRAF JE[H
RASTE PTC iR A S5 RRBUEA &, HAAH
S HJ ST R T 45 5 A 1 ST S B IR Melo 45
% I BRAF 53 78 I Jg8 1) ik B 45 5% 4% & /B R AL F
BRAF WF A= R, DR 20 1Y) BRAF 53 78 XfE LA
AR TP TR . TERT 3 8h 7 %78 5 fig g
TS 2 ) i A7 T ) A4 338 7 S it IV fe BEL 1k s s
PSR SRR Nk S GRS B PS A Vel O N IE (<X 8
SR P T TERT 5878 B A g — B iE 1Y
LR FFE, 75 PTC A PRI WA KB, WK
M, BRAF Fl TERT J& 8l ¥ 58 7% Z [ A7 7E G HE | T &
WRAEHRE PTC BF W ER T, 4 PTC kg
Ve A I EAEHT ™, XA RESE R S 3RS TERT
G LASE R BRAF 3K 80 5l 1) 54, IR 4051 Y
153 A% i B SRR, AT 5 350 B 7™ 0

W5 iz A UE BE 7 Y B 58 07 6 X PTC BB
1) BRAF J£ A #l TERT Jii h F 4L %€ 748 5 PTC 854
SRR CL 25 55 RS A OGR4 T Meta 4341, R I IR ITA
BENE R —ENS%,
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1 #ABERE

1.1 X#eE

il 3 71 55 L K % PubMed ,Cochrane Library |
Web of Science, H[E A= ¥ & 24 SCHRE i 22 (CBM) |
Hf ] 20 P B J2E (CNKT) 5 7 5088 128 4635 000 2
KRR H A 2021 4E 12 A, KRIEFRE N+
P, A ER v SO Ry B OBR R R | HIR AR L
SR R BRI PTC, LR %848 BRAF %78 ' TERT
J B F 2848 . BRAF V60OE [ TERT ., Ifi A FELARAE ik
E 8556 % . 7F Pubmed MeSH £ % Thyroid Cancer,
Papillary TERT .BRAF K H: [ fiy i) Atk 12 25 5% %% |
Il R 95 B ¢ 1iE 45 (Figure 1),

1.2 F &

NAT A DI 2021 4 12 H A IF R £ 1)
FISCHR ;. @ SCHRFFT S B ok 95 6 BR, O 4
BRAF 2P H TERT J5 8 F3L &2 5 PTC B # k2
CERERSZ AN C R, O SEFEARI T BRAF 2
1 TERT Ji3 8l ¥ ; @ SCHk A A 85l PTC.,

He vk ar o OREA RN 41 8] P 25 ok
KR F) 430, @QIUH BRAF 8%, TERT K78, Bt/ Hi &
g AR gl B I PR A 8 S0 B A R O T i
B RGN ZEHESTREE IR,

A total of 3085 references were
retrieved from the database

|

After the exclusion of duplicate

literatures , 2348 remained

A total of 539 Meta-analysis, sys-
tematic reviews and other non-

clinical trials were excluded

1089 articles were obtained
after preliminary screening

Read the title and abstract and
eliminate 1698 articles

111 articles are required to
be read in full

Exclusion criteria: (1) Small sample
size (N <120),the balance between
groups was poor and the full text
could not be obtained; (2) Lack of
BRAF combined with TERT muta-

tion group or no mutation group; (3)

Lack of general clinical or pathologi-

17 papers were included in cal information of the patient

the Meta-analysis

Figure 1 Flow chart of the literature search strategy
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H1 2 SLAIFSE A 53 00 SCHER BEAT S ST 0 18, A AE
SrEHR R RETR E I, A 3 Ao A 2R [E]
WA B E . W 28 5 1 SCHK , R Newcastle-Ottawa
(NOS) SCHR 5t 5 P 55 R SEAT VAl £ 455 g 191 22 F %
MR A e | LUk Je R g2 EAT IV O3, 5 73 LATR WA
HWFIE,5 o3 K UL E Dy B B I A ABEIE . XS 9
AW SCHRIEAT 2N PRI, 45 . O AW 1 B
AAF B ASERETE R A S — 1 R M K& AR [E]
265 (5 1) 4R R X L0 48 A 91 LA B B P 2 2
IERUS
14 HZitZ4E

& H Revman Manager 5.4 ¥4 #F 17 5 i M ko
%o SRH 1P X SCHR 4 5 TRk BEAT 20 A 4 P<50%,
FW R BOERN AT LIR [ 2 500 R Y 47 K40
B 1>50% , W 5 Bt EOR SR HT B AL 0N 5
RUBEATBE 501, S b8 m pOBIE S 4 2R Se kAT
BB A3 AT, LA 43 BT S J0 1 A A R 0 B ) 531 B3k S It
P e B8 SCRRP- E A7 5 0 o SCHR i 3 0 175 R T s =1 1
PEATVPAL T HE4T Meta Z58 70 H A IK Meta 73 H1 4K
P ZE B Ry T HEOTTRE , HOR FIAR XS B B2 (RR) S 8%
WG bR, 2RO 24 4 S A T HELRT 95%CIL

2 & X

21 NHEIEESER

AR F SCHk 3 085 55 , ARG HERR 1, HEBR A
AR SCHR R 17 B SCEE B2 40 A Meta 43
Mr (Table 1), HA 33 14 55, 1 3¢ 3 575,35 5 660 Bl
%  BRAF B4 TERT %784 343 1 (6.1%) , HAth
415 317 11(93.9%) .
2.2 Meta HHTER

17 4% SCHR B 99 A T BRAF FI TERT )3 3 + 4t
ZEAR AR A AL (%) PTC £ 35 Ik B 45 55 B 1 L (RR=
1.26,95%CI:1.07~1.48) (Figure 2) , 5 Fi P 6 56 45
1°=68% , Ui W A7 75 v 55 5 B vk | F A7 SO 2 7 )5
RIF R IR T 3 WS 02 Gk bk 3 e
k5 FHT AT Meta 2007, 5 BUPERR 50 25 5 1°=30%,
SRS, RERACT N, el B R 0B O
(Figure 3), & Bl HILR% 0 A 74 5587 7155 RR=1.31
(95%Cl1:1.16~1.48) (Figure 4), %W BRAF fl TERT
LG Ar 5 PTC KA 4575 85 52 IEAH G PTC &
R LG AR I LG A AR AR ) R ARk L
B8 o X Sk rh B i 2 BH b e DX R ST AR S
T SCHR #E 4T 553 By, H 545 1 RR=1.31(95%CI:
1.02~1.69) (Figure 5), #&H] BRAF #il TERT L5 7%

Table 1 Characteristics of the included studies

BRAF with TERT Other mutation ~ BRAF with TERT

AUl Country mutation group group mutation rate(%) et o1
Censi, et al. 2019"! Ttaly 8 373 2.10 CLNM
Estrada-Florez, et al. 2019!"% The United States 14 127 9.93 LNM
Gandolfi, et al. 2015"" Ttaly 12 109 9.92 LNM
Hahn,et al. 2017 South Korea 11 139 7.33 CLNM
Jin, et al. 2016 China 22 631 3.37 LNM
Liu,et al. 20201 China 8 197 3.90 LNM
Liu,et al. 20141 The United States 23 209 9.91 LNM
Matsuse, et al. 20171 Japan 36 319 10.14 LNM
Nasirden, et al. 2016/ Japan 4 121 3.20 LNM
Ren,et al. 2018"! China 12 330 3.51 CLNM
Rusinek , et al. 20181 Poland 13 170 7.10 CLNM
Song, et al. 2016 South Korea 12 406 2.87 LNM
Trybek et al. 20198 Poland 54 492 9.89 LNM
Xing,et al. 2014%" The United States 35 472 6.90 LNM
Yang, et al. 2019 China 10 315 3.07 LNM
Wang, et al. 2020 China 59 669 8.10 CLNM
Luo,et al. 2018 China 10 238 4.03 LNM
Notes : CLNM ; cervical lymph node metastasis; LNM :lymph node metastasis
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Double mutation Others Risk ratio Risk ratio
Study or subgroup Events Total ~ Events Total Weight M-H,Random,95%CI M-H,Random,95%CI
Nasirden 2016 4 4 72 121 7.1% 1.51(1.09~2.10) S
Estrada-Florez 2019 7 14 39 127 4.4% 1.63(0.91~2.92) T
Rusinek 2018 7 13 39 170 4.5% 2.35(1.32~4.17)
Gandolfi 2015 9 12 81 109 6.9% 1.01(0.71~1.42) o)
Jin 2016 17 22 414 631 8.3% 1.18(0.93~1.49) i
Luo 2018 9 10 137 238 8.3% 1.56(1.24~1.97) e
Matsuse 2017 20 36 201 319 7.4% 0.88(0.65~1.19) =rls
Ren 2018 10 12 215 330 7.9% 1.28(0.98~1.67) i
Liu 2020 6 8 108 197 6.0% 1.37(0.90~2.08) B[R
Censi 2019 3 8 170 373 2.5% 0.82(0.33~2.03) Tl
Song 2018 7 12 148 406  5.2% 1.60(0.98~2.63) [ &
Hahn 2017 5 11 76 139 3.8% 0.83(0.43~1.62) T
Trybek 2019 7 54 71 492 34% 0.90(0.44~1.85) = fe 7
Wang 2020 9 10 210 315 8.4% 1.35(1.08~1.68) ik
Liu 2014 7 23 69 209 3.9% 0.92(0.48~1.76) I
Xing 2014 21 35 132 472 7.4% 2.15(1.58~2.92) =
Yang 2019 12 59 228 669 5.0% 0.60(0.36~1.00) (S
Total(95%CI) 343 5317 100.0% 1.26(1.07~1.48) *
Total events 160 410 . . ) )
Heterogeneity : Tau *=0.07 ; CHI*=49.65 , df=1 6( P<0.0001) ; I’=68% k t y 1
Test for overall effect: Z=2.76(P=0.006) Uol o i, 100

Favours[experimental]  Favours[control]

Figure 2 Results of Meta-analysis referring the relationship between double mutation and PTC lymph node metastasis
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mutation and PTC lymph node metastasis K ENZEAESY), eI NANiEE
Double mutation Others Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight M-H,Random,95%CI M-H,Random, 95%CI
Nasirden 2016 4 4 72 121 9.1% 1.51(1.09~2.10) B3
Estrada-Florez 2019 7 14 39 127 3.7% 1.63(0.91~2.92)
Rusinek 2018 7 13 39 170 3.9% 2.35(1.32~4.17) T
Gandolfi 2015 9 12 81 109  85% 1.01(0.71~1.42) 175
Jin 2016 17 22 414 631  13.5% 1.18(0.93~1.49)
Luo 2018 9 10 137 238 13.5% 1.56(1.24~1.97) —
Matsuse 2017 20 36 201 319 0.0% 0.88(0.65~1.19)
Ren 2018 10 12 215 330 11.8% 1.28(0.98~1.67) &
Liu 2020 6 8 108 197 6.4% 1.37(0.90~2.08) =
Censi 2019 3 8 170 373 1.7% 0.82(0.33~2.03) [
Song 2018 7 12 148 406 4.9% 1.60(0.98~2.63) '
Hahn 2017 5 11 76 139 3.0% 0.83(0.43~1.62) [+
Trybek 2019 7 54 71 492 2.6% 0.90(0.44~1.85) o
Wang 2020 9 10 210 315 14.3% 1.35(1.08~1.68) -
Liu 2014 7 23 69 209 3.1% 0.92(0.48~1.76) i
Xing 2014 21 35 132 472 0.0% 2.15(1.58~2.92)
Yang 2019 12 59 228 669  0.0% 0.60(0.36~1.00)
Total(95%CI) 213 3857 100.0% 1.31(1.16~1.48) ¢
Total events 107 1849
Heterogeneity: Tau’=0.01; CHI *=18.45,df=13(P=0.14) ;1 *=30% F t t |
Test for overall effect: Z=4.40( P<0.0001) 0.01 0.1 1 10 100

Favours[experimental] ~ Favours[control]

Figure 4 Meta-analysis of double mutation group and lymph node metastasis after exclusion of heterogeneous articles
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Double mutation Others Risk ratio Risk ratio
Study or subgroup Events Total ~ Events Total Weight M-H,Random,95%CI M-H,Random,95%CI
Rusinek 2018 7 13 39 170 13.9% 2.35(1.32~4.17)
Ren 2018 10 12 215 33 322% 1.28(0.98~1.67) [
Censi 2019 3 8 170 381 6.7% 0.84(0.34~2.07)
Hahn 2017 5 11 76 139 11.1% 0.83(0.43~1.62) =
Wang 2020 9 10 210 315 36.1% 1.35(1.08~1.68) d
Total(95%CI) 54 335 100.0% 1.31(1.02~1.69) >
Total events 34 710
1

Heterogeneity: Tau *=0.03; CHI >=7.24,d=4(P=0.12) ; I’=45%
Test for overall effect:Z=2.14(P=0.03)

Figure5 Meta-analysis of double mutation group and cervical lymph node metastasis after exclusion of heterogeneous articles
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Yo TERT Ja 2l 2878 Ji5 vl 38 Jin vy bor B35 14 | 56 40
b 3k 3 38 A, T OO I 2 AT AE R & B BRAF
Fl TERT J& 3 T & A2 78 PTC K& 4 & ' UL KCEME A
YreaT b B P EAVE R, 5 B0 = 22 1 =
S PTC Wis B4 AR ARG PR A A7 A7 3 40 18 1 e
R R R BN, REGE R BT,
U X 212 28 0 5 1 M 2 4 T3 b ik 0 3 T 11
PR & A PR AN ARTR T 5 SR A I N | 3l f i
TR HA B S, Sk A R R PTC R A
RBHBET RIS HEEER N R, R XA SR
FAT TR 1 F0HE v g DX B 2 0 4 T R A Y AN
), H RGN T T B s 5 R T & (AR SR T
ARETEFA W, RS AA 76.4%, (0 R R
%, o IR X 55 Nk B 45 B PEAG 2 LA BB 98 IR
PTC k&5 568 B b Je Xk EL 25 TR by, ke 22 ) )
SN X, $5e J Bt #2200 ) v e IX sl AR X0 ]
TEIG RAF 5T vh R A — e A7 7E “BRERVERE R,
BV 5 T v e DX L 235 5 A% AEL 300 ] A0 85 A0 DXk 1
SE R X R BOFUIR BRI 19 5 R B dh 7% | T Y
e £ B B BV A BESE R B, Y TERT 2878 I B
P A B 2 3D X R Y R A TERT %87 ), PTC
HBE TS ) WA TS B YA RS B AR A R, Y
BRAF #1 TERT Ja 3 F3L 57810}, A 63% 1) & # K
A rp e XK LSS GRS A AT % B U S b L Ak
R, HrPaim i Xk e g RS . #28 BRAF AN
TERT )i 8h ¥ 3 5878 o % — HR 45 7 RIS
WA v] e 8 R SOR AN RS | HBC BUHE VA RS |
JIt LAYE BRAF F TERT )5 8 T3 R AF B # F A,
Hh o X 5 R 2 B RIS, AT A 2N Xk £
iR A BRIRUE S . A R AR BRBR S S B R 8
AN H— B A B IR R 225, 2T TERT 5 PTC
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RZEMARE  FEBA AT RIGYT S4B, R
RSN PTC 8 35 28 00 b A< 1 35 PR 2% 3K ok 380 3 £
HOBAERERE , ATHS Bh S A B R AT AN AR AR IA
J7 0T F PR R L G AR (1 SR AT iR AT R R S v
DI LS5 1, R A kL D7 1k A TR A R
A, 8O A R T R R R AT R U 5
T B — BRI IE I

XF BRAF $:HFI TERT )i 8h 1 L 248 %F PTC
BEMOEEERBR R ENINC A AL, A=
N ZEZE 500 ABESE 40 B & B BRAF 1 TERT )3
S FILRAF B E RS KA SRR DA R, FR R
SRR DM LSS RS AN [RLCRR LML X Y PTC
FLILH GRARRAT —E 2R, AW I AR E XA [R]
X R AEAT o 8 5 53 SRR TR PTC 7 2 1] f) 3
[R5 AR B[] bk L2 B8 SR (W] fR T 6 = A D 4K
Wi, AR I AR AT 4SS, AT E S S P B ok
JR M, % FRH R A R T B 2 X R
A% DL K o Y ff 7 I RS A A I RS M S 50 R I W] BRAF
FEFN TERT Ja 8+ 3L 5 A5 78 PTC 835 ik 0 45 5%
B .
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