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Predictive value of gene mutations for lymph node metastasis in papillary thyroid carcinoma
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Abstract: Background Patients with papillary thyroid carcinoma (PTC) generally have a favorable prognosis, but some
may develop lymph node metastasis. However, effective methods for predicting lymph node metastasis in PTC are still lacking.
Objective To explore the correlation between high-risk molecular subtypes of PTC and lymph node metastasis (LNM) by
molecular risk group (MRG). Methods Genetic testing was performed using next-generation sequencing technology (NGS) on
postoperative specimens of PTC patients who underwent surgery in the Department of Thyroid (Hernia) Surgery, the First Medical
Center of PLA General Hospital from November 2021 to March 2024. Molecular risk stratification was performed for 39 genetic
variants, while clinicopathological data of the patients were collected. Logistic regression analysis was conducted to identify
factors associated with lymph node metastasis, and the predictive performance of the molecular risk gene (MRG) was evaluated.
Results A total of 74 PTC patients were enrolled, including 23 males (31.1%) and 51 females (68.9%). The age ranged from 17 to
69 years, with a median age of (40.16+12.59) years. A total of 39 gene mutations were detected in 74 PTC patients, including 37
SNV/Indel and 2 fusion genes, with a mutation rate of 100%. MRG high-risk classification was found in 38 cases (51.35%) and low-
risk classification in 36 cases (48.65%). The relationship between MRG classification and clinicopathological features of papillary
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thyroid carcinoma showed that the presence of capsular invasion was significantly related to MRG high-risk classification (P=
0.035). Multivariate Logistic regression analysis showed that MRG high-risk classification was an independent risk factor for LNM/
CLNM/LLNM in PTC patients (OR=3.080/2.545/1.443, P<0.05). Paired four-grid table analysis showed that MRG high-risk
classification had a certain evaluation efficacy for lymph node metastasis, central lymph node metastasis and lateral cervical lymph
node metastasis, and the AUC was 0.729, 0.671 and 0.601, respectively. Statistical inference showed that MRG high-risk
classification was significantly associated with lymph node metastasis/central lymph node metastasis (P<0.05), but the dominance
(difference test) was also significant (P<0.05), suggesting that it was different from the gold standard. Conclusion MRG high-risk
classification is associated with central lymph node metastasis in PTC by molecular risk stratification method. MRG high-risk
classification may be a potential indicator for predicting central lymph node metastasis in PTC, which is a new method for
preoperative evaluation of central lymph node metastasis in PTC patients.

Keywords: papillary thyroid carcinoma; lymph node metastasis; molecular risk group; central compartment metastasis; next-
generation sequencing
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H 64(86.49) | A1 30(40.54)
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Tab.2 Relationship between MRG classification and
clinicopathological features of PTC (n, %)
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T2 9(23.68) 11(30.56)
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Tab.3 Analysis of correlation between lymph node

metastasis and high-risk genotyping (n, %)

i B 438 (iiﬁ) ?ﬁzﬂj’ A Pl
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Tab. 6 Multivariate logistic regression analysis of central

lymph node metastasis
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Fig.3 Forest plot of risk models from multivariate

Logistic regression
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Tab.7 Efficacy of high-risk genotyping MRG in predicting lymph node metastasis (paired four-fold table evaluation

value analysis)

Hob W L5565 HR XK 45 B 25 X bk 2 2556 7%
MRG = fés/ i MRG i fis/ MR f& MRG = fés/ ke
SRR IRA ) FRPE 35/21 32/20 19/11
R 3/15 6/16 19/25
VAT +/High +/High +/High
AUC 0.729 0.671 0.601
U (n/N) 0.625(35/56) 0.615(32/52) 0.633(19/30)
HESE (/N) 0.833(15/18) 0.727(16/22) 0.568(25/44)
WAL RES AL HER B (0/N) 0.676(50/74) 0.649(48/74) 0.595(44/74)
EALEREL 1 0.458 0.342 0.201
FFAE T (n/N) 0.921(35/38) 0.842(32/38) 0.500(19/38)
I3 1k T L (n/N) 0.417(15/36) 0.444(16/36) 0.694(25/36)
—5t 25 Kappa 0.342(—FtE—) 0.290(—&kE—) 0.193(—F M4 2%)
- SRR (A, P) 9.693,0.002 5.959,0.015 2.149,0.143

AR, P)

28.645,<0.001

31.541,<0.001

37.627,<0.001

ARHECX 4 4% R IR TR 3 ~ K5,
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HFN CLNM 9 RE I A HAR . Chen S IF 5% %
P, TERT A5/ PTC HE HlJG A K A9 37 i K
%, Ifii BRAF V600E 2872 By Bt i i o g i, 15
TERT Ji 3/l %87 5 BRAF A8 [F] I AETERT, SHL
— AR R, N R R K B B . Li
EUIFSE & B TERT 2875 5 bk L 2556 88 0 5 M 6
PE(P=0.33), (HHA BENSTM:. TPS3 & —Fp
TEHEN, A WS 2 I 24 26% Ay HR IR 34k i
25 80% 11 FH AR MR A 43 A0 98 A7 7% TPS3 Jk R 58 AE 1S
TP53 Jk [R5 748 75 HDR B 98 14 Joe v i) A PR R b ) T
MRS . Novis S — TR S P9 op &2 21
TP53 iR S W W HUIR AR (R 1E, 5 R B A7
WIFHC . Morita PR AL, R MR . BK
Jifge o PS3 LR IR | IR SRR A AR S bk L 4
RO Y B R Z M AR TR W M O . A,
Abdelhafez ZFPVEEH , P53 S 15 2878 5 floid K/NFI
TP B FASE . SR, Shin P58 45 220,
P53 25 it #3815 PTC I ARG BRAFAE (L FE A7 1%
PEG . BRI R/N . Z2REVE | IR S R RN IR R
AMEACAF) Z ] TG 5k 25 AH G . NTRK K& [N il 52
JisEg R BORR B I 2R, AEAE HUIR B 8 R A
FIFMR(Q2.2% ~ 2.3%), Kerr PE NTRK K& 5
HEHCIR Mg TR 2B T 2780 . ImAb B iz 28 1
SERRAE, $E/R NTRK LN S v e A — 2 1912
Wik . wICEEPOIERR, AT
NTRK Filt£5 85 F17E FFOPR B w10 40 A 24 S
FABI, PRSI R REAS £ 9 R 5 NTRK il
HAEANZFEE,

MUL B FEEE R al LB 1, PR 28 A8 o
N e S TR N 2D S N R N s 2 €]
— Ao MAEASHE G A AU ] b, AR AR
RAS JE[H %878, TP53, TERT. NTRK 3 [H 5254
HUREAE B 3 & AR R 455455 ; BRAF V600E
SN AR A RS 5 R L RS AL b & HU ARG (87.5% vs
94.4%), XG5 A Al BRJE AE A BRAF V60OE
SRARRT B PG AREA . BT AR AL
R ARG, ARG I 25 5 7 A R
A5 2 (co-mutation A1) FIAEER G 284841, o #r AW
RS RS | sk DR T 25 5 R AR 25 DX 12
SRS IO S, DR I 3 T A 9 5 DR ARG U 245
IR A 15 R T R B B i . FESEE R
B 4F6 R, BRAF V60OE Fl TERT J& PTC (1455
fERm R 5 e R BRSS9 Ao fE 78 HUIR it 2
IGHERCE 2 M) T, 2 BRI 45 S AR 7R s k- 4%

W fE AR 44y, U BRAF V600E/RAS 25 F 45
TERT & TP53 75 5% . RAS 7% 5 4 3 EIF1AX 75 53
8, 8 U DTC W s fEwI iR =2 & KB 40 )20, X
PERTRAT, T LR o F KU 43 2 5 ok 2 5
R4 S A T A B G B A L

FFOBR 38 KU 40 J2 2 R R 2 AP0 MRG
RIS T 2023 4F 9 TBSRTC 4517, {H I %A K&
T3 E A MRG 4343 50 5 0k L 45 6 B A DG 1
FIWF5E . 7E TCGA BF5Eh, & T RAS-like FlI
BRAF-like i3 F 43 KU AT X5 PTC AR B 8 43
RN, A UL S BB SR T 2022 4F f
JiR () WHO 8 R 1, Steward 25 PO0K5 460 5] iy £ Fh
FEH AR S0y T F 4 50l 5 443 B (15 f& . BRAF-
like, RAS-like. CNAsFIFEHFINMHAR), Yip &EY
LR L R, P ® 2 MRG, iR
AU MRG 45 15 4y M — =4 11 B ) RAS Fl RAS-
like 2L 4% , 1 f& MRG 4 & BRAF V600E, H: il
BRAF ZEMUEFICNA, 15 /& MRG 45 1 4~ 5 15125
AR 1A B W) & A8 (TERT. TP53. AKTI All
PIK3CA). MRGH#E&HR NG, 25 S0 3T A
THH5E, JFT 2023 4Rk T TBSRTCHEpg . i
o B FHRIE 5 BUS Z ALY 6 R B e o ik
SN R e s S (A R 0 e o AN =
H, ARG XU 4 DL A RAS 248 5 RAS-like 22
SRR tharF XU 416145 BRAF V60OE 28 7% |
HoAth BRAF-like 28 57 ol 48 DUEERAR s w543 MU 41
) AR AIE 2 TR B B L 3R 1 b B 2 3 R AR LA &
TERT. TP53. AKTI Fl(5) PIK3CA % 3 [H Y %8
AR5 K43 A Bl ) IR R AN R A TS
XU . TCGA 42 Hi i) BRAF-like 43 B0 o 75 5% 2 45
fiE, 1M MRG 75 f& 3 79 57 560 8 5K o) 56 PR 1) & i 22
A5, WELERE Y28 AR 2R . BT MRG
T BB, AT 177 panel K H 1945 AR
T3, JFIE IR R IR T 50+ W 53 )= 5
WRELEE AL A e, FE 2 I Logistic B 5347
FiEBL, MRG & fa o BUR R 255 R | b e Xtk
ELEEHERS | 050 DX b U 405 5 8 104 it 7 DG I PR 2%
H MRG 5 18 4310 500 25 DX 3k L0 25 5 R e 0 . 3T
AL REAL B0 — B tE B 25, JF H s R b
MRG 5 £ 43 26 5 0 351 X 98k 4 485 7 B ) A OGP TE 42
TR, X TR 5 o 45 FEAS B R AN G
PH It MRG 153 £ 43 76 ] RS2 v e DX bk B4 285 7 6 1)
TFE AR, AN REAE A 250 X 98k L0 235 5 % %) L0048
Fro ABFIELSHARR, TR R BRSL S R 1
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BHEARTTHEAT NGS KU, WnZs 5 °h MRG = & 41
AL, 0] LA T AR AT IR A e X L 2 v
Ao 1M MRG A fa 43 B B8 35 275 a] DL JEO 64T 1
BiPETS 1, W TAMIRFEA R . RIS R . HUb
PEREAEIRE, MOREARG, FRATF —Pd Rz
O KEEARG T —RIE

AT AP B FEA S 1E MRG 438 5
PTC B EH WS R B AH A, Xz FI NGS £
il PTC (%) 5L PR 28 A8 28 B Ap B4R T SRk G 3
BJ7 %, TR E MRG By I A B R T 5
iao$ﬂﬁmﬂwﬁ (WAL B ER A HAor A
R, — LR BA M, TR EZHEA
B QAL s, HAEARR D Bl
S RE g, PRl L NEEAR T T R T B B
ffire T—HWEIFREZHOMS, Kk MRG 43 %!
TE B R AEA oy 558 M, R R H 5 RAS,
TERT. TP53. NTRK %53 K 2845 (1) BRI N o

Zi LRTIR, ARWF5E & BLMRG = a4 8 mT DUAE
S PTC f 35 rp e DX bk B 45 56 4% 1 1 7 K TR 3%
TENG RT3 RO AR T PPAS HUIR e B
EAEEMR A g 1 48ts
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