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BEERRER, DSV-PTCIRIMRIENM ELEHB AT RN, RABREE TR BERT FRERET
FHMEREFEER L SRR RN MG BRI R B .

KT
FARBIRAE, ASUFETR, IHRRERE, EERE

Correlation of Pathological Subtypes with
Clinical and Molecular Features in Papillary
Thyroid Carcinoma

Fuqiang Wan?, Hanlin Zhang?*, Xiufeng Bai!
!Department of Head and Neck Surgery Ward 1, Linyi Cancer Hospital, Linyi Shandong

SEIERE

SCESIA: TR, TKEAK, EFFE. FURIRL SRR T AL S PR A TR DG RIR TN, KR R, 2026,
16(4): 4826-4833. DOI: 10.12677/acm.2026.1641755


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1641755
https://doi.org/10.12677/acm.2026.1641755
https://www.hanspub.org/

JitEGR A5

2Department of Pathology, Linyi Cancer Hospital, Linyi Shandong

Received: March 24, 2026; accepted: April 18, 2026; published: April 27, 2026

Abstract

Objective: To investigate the clinicopathological and molecular genetic characteristics of papillary
thyroid carcinoma subtypes (PTC). Methods: Clinicopathological data of 103 patients diagnosed
with papillary thyroid carcinoma (PTC) who received surgical treatment at Linyi Cancer Hospital
from October 2019 to July 2020 were collected. All histological slides were re-reviewed to confirm
the diagnosis of pathological subtypes. According to the different pathological subtypes, the pa-
tients were divided into three groups: 14 cases in the invasive group, 15 cases in the diffuse scle-
rosing variant of PTC (DSV-PTC) group, and 74 cases in the low-invasive group, which served as the
control. DNA was extracted from tumor tissue samples, and next-generation sequencing was per-
formed to analyze 66 genes with PTC. The clinicopathological characteristics and gene mutation
profiles were compared among the three groups. Results: The aggressive subtype group was more
likely to show extra-thyroidal invasion and lymph node metastases than low-invasive subtype
group (P < 0.05). The proportions of stage Il and III in the aggressive group were 42.86% and
14.29%, which were significantly higher than those in the low-invasive group (P < 0.05). The tumor
diameter in DSV-PTC group was smaller than the low-invasive group (P < 0.05), and a higher pro-
portion with chronic lymphocytic thyroiditis (P < 0.05). Gene mutations were detected in all the
aggressive cases, BRAF mutation rate was 71.43%. The DSV-PTC group mutation rate was 73.33%,
the BRAF mutation rate was 33.3%, 2 cases (13.33%) have RET rearrangements. The BRAF muta-
tion rate was 59.45% in the low-invasive group, and the rate of BRAF co-mutations with other genes
was 12.01%. Conclusion: Aggressive subtypes of PTC show higher invasive biologic behavior and
gene mutation rates. Extrathyroidal extension and lymph node metastasis in DSV-PTC group should
be required attention. Early identification of aggressive subtypes was crucial for clinical treatment
and prognostic evaluation. Targeting specific gene mutations may offer potential therapeutic ben-
efits.
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1. 51§

2022 SEFE FOR e A0 248 COBR B MR IR A 58 3 AL, BONERCH WBE R 2 —, FEHIR IS
4 ek IR A HE IR R L Sk R 9 (papillary thyroid carcinoma, PTC)S& B¢ ILHIZETI[1]. 48K £ % PTC &G
TR TUEEAR, 10 A7 RGBT 90%, WA HRIKT 5% [2]. PTC AA/E L MR B RY, BRes diuiy A
ANER 5 K WHO PN 2 WA R R N 433 g 43 2 okt s 41 i 2 (tall cell variant-PTC, TCV-PTC). FEIR4M i
(columnar cell variant PTC, CCV-PTC). #£4] 1J# (hobnail variant PTC, HV-PTC) W\ N B H 12 28 M IR IREFLE
NRZFEMWT, BB PSR, A NiRiE LT (diffuse sclerosing variant-PTC, DSV-PTC) A ) 4T
NN TREME TG 2 [[][3]. SLMWA, SR, AR =F AR R, TS &
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[4]c AFEPPHIEA, BRIEEAS EMZERIS, BARREER B RE, WanH LK BRAF £, HAh
LA EUE L N MO HE RAS. TERT 48, RET HEHSS, X PTC R4 K EA A FIFEE IR [5]
[6]o AWFFTH 66 HFIK I panel FTATIIAN A 66 /N2 1)35795 HUIR M 76 T7 1R AR R i B A
RIEER, AW B2 22 A, yRIBAEALAL, K12 28 1 S 70— 21 1 525 DR 9 AR 175 L A I PR 0 R
BARAOS LA, RO A R BT EAT A ZE R, AR AL Al . 1697 7 SOE B RIS
FIWrHE AR o

Table 1. 66 gene detailed list
= 1. 66 EE ¥R

TheeF BR 2R

T BRI /A5 T g AKT1. ALK. ARAF. BRAF. EGFR. ERBB2. ERBB3. ERBB4. FGFR1. FGFR2.
FGFR3. FLT1. FLT3. KDR. KIT. KRAS. MAP2K1. MET. NRAS. PDGFRA.
PDGFRB. PIK3CA. RAFl. RET. ROS1. SRC

21t ) /8 5 TR CCNDI. CDK4. CDK6. CDKN2A. CDKN2B

VRN ESRI1. ESR2

DNA &5 /45T iEE BRCAl. BRCA2. CHEK2. MLH1. MSH2. MSH6. MUTYH. PMS2. POLE

95 ik B APC. PTEN. TP53. STKI1l. NFI

SRR T/RA A R ETV6. NTRK1. NTRK2. NTRK3. MYC

G B HAAH G CD274. CDHI. EPCAM. HRAS. IDHI. IDH2. JAK2. MDM2. MTOR. PTCHI.

SMAD4. TSC2. VEGFA

2. EIRERE
2.1. —f&ER

HEH 2019 £ 10 F & 2020 4 7 FAENYT R B Be TR [T 103 4] PTC BHFA NI AR R GIADR
#E: (1) WA E TR R (2) WELSATHS PTC; HERRARAE: oAb B RY ) HOR e sl JF HAf B
iR 5

22, 5k

22.1. FERE

W OHE Jetv) fy, 2 A E AR VORER IR AT RE ML R A, il E R A A W, B LA
FNZ TS G g o RAEEE 5 AR A ARSI 0 R GEMIE B PTC 2 Wibm v X (1 HEAT T A5 25 20 B I
I BRI A2 T3]

2.2.2. DNA 2B FF

JifyRr 2 21 DNA FEEUR 7 SCE R % BRBIE A /D 10 5Kk EFE 5~10 pm RPEARREAHL A R, 4 HE
Gt i\ IR 5 BAMKT 20%. 4] QIAGEN QIAamp DNA FFPE ZH 417 & H2 L DNA. i F138
DNA SR & i@t PCR X (BioRad T100, 3 [EAF AR 2 &))Ke 8 75 4T Wi gDNA ZE47 I 5 10 SC 2 He) 42
P8GRSO o M A ARSI B2 AR, DU P 1 4% Nextseq CNS00 (B UL 5 AR FRA 7))
FPA . U ST 42 NaOH A8 PEAC R il b, 42070 6 S PR s R P8 SR HEA T 44 S B - X 66 AN iRd
FHICIE R A 30 A NG T B o W & T AT ISR, JE DR 7 9% P Ui 25 DNA FEAS 10000X s
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2.3. IEARFRIEERR

Gt i PN B FERIERS . M. RN ISR SRR I, R E 2 Ak BURR IS
Bl RS, REAEAY . FEP R AR KA,

2.4. GiHESW

FH ST () A B S 285 SR T SPSS 26.0 AT S it 0 M. tHEFEEMEH (X £5)& R, W
BRI EEBCR A A THETERHT AR A 20 3 (%) R, BRI L AURTEREA R AR, 1EH]
KB Fisher HiUIMER L. P<0.05 RnERA AR L.

3. 58
3.1. IERBUR S

103 Bl EERH 7 PR, Hov=H: FH—HNREMEA 14 FI(TCV-PTC 3 %], HV-PTC 4 i,
CCV-PTC7 fil); 28— NRIEMAL A ZHIE 15 4i]; 28 = AR BN AR IR, &1t 74 4], GHEL M
69 1, EILEAL 2 ), EFENEAY 3 . SO S 30 B, Lotk 73 4, 5 A EEA] 4.1:10; AFE 11~71
%, PEIERA2.34 £ 11.67)% . FEIEER(12.96) mm, FAE10 (5.5, 15) mm. RAEMELEFER 45
Bl 65 R A FAR BRI AR AL . BRI s 71 6, 24k 32 . A IFMrA IRHVIRAR %6 32 il 5 3% ElaiE
k& 2% 5143 (American Joint Committee on Cancer, AJCC)FIHIR - HH RS (56 8 fiR, 2017 ) [7]% g #E4T
SR, T 55 0, T 45 41, T0A 3 9. AR T IR, 1R 28 VEAREL TR 2220 HE25 By H AN 50k 12
LEEERE(P=0.044), FIFRIRIMZILILZR(P=0.005), SR AB G L. 2R84 1. TR &S s T
RAZZEH(P = 0.048). FrRISMEAL A E TRAZ 224 IR BAR U/ INP = 0.006), AEtiH2EE X, RigRELA4IAE
BUT R 2241 BRAF RAFHEAL(P =0.006), HAES MMM FARIR R I LEBI S m(P = 0.018) (L3 2).

Table 2. Comparison of clinicopathological characteristics among invasive PTC, diffuse sclerosing PTC, and low-invasive
PTC
2. (REM PTC, SRR PTC 5IRRZEM PTC MG RREBFHELLR

i oty sl BEL am e PERE e e
5 0.043 0.835° 0342 0.559
% 30 21 3 6
% 73 53 11 9
R 0.591 0.555P 0.384  0.702°
SRR 42.34 42.43 40.40 43.67
P A 44.0 45.0 41.5 44.0
IR NAN 0.569 0.4512 3.673  0.006°
>10 mm 38 29 7 2
<10 mm 65 45 7 13
S50 B 25 5 7 4.077 0.0442 0.069  0.793°
THH 79 59 7 13
B 24 15 7 2
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et Z It 0.001 0.977 0.018  0.894°
BR 71 50 10 11
ESSR 32 24 4 4
FRR A 7.916 0.005° 1.243  0.265°
TR 56 46 3 7
AU 47 28 11 8
AJCC 43 6.068 0.0482 0343 0.842¢
I 55 40 6 9
i} 45 33 6 6
11 3 1 2 0
B I ORI % 0.095 0.758° 1179 0.018
w 71 53 10 8
& 32 21 4 7
BRAF £ [H 0.711 0.399° 3.440  0.006°
RARY 60 44 10 5
Liga st 43 30 4 10
BRAF 4 % [n (%)] 60 (58.25%) 44 (59.45%) 10 (11.43%) 5(33.33%)

T a o R 2 KK b RO RAMSIAEA (45505 ¢ FORKM Fisher BTIHER %, 2P (EOVRRA SR 2R 41A
B, P AR YRS R SRR ZE M I L

3.2. EHZRIEHHIE

103 &, 15 B EE R H IR R, Sk 14.56% (15/103), HAPgm 10 4], FRigmea 4
B, ERA 1] 87 BB FH KBIIERRA, A 84.47% (87/103), X 87 B, HILRIRA N 70 1, 5
Eb 80.45%, 2 NI LA EREKZRAE A 17 1, [ 19.54%. AKKGHIZRAF, BRAF F K 5848 % ¢ 5(60
By, FRAFZ 58.25% (60/103), HAMKIK N RET (10 ). TERT (9 #1). KDR (4 f#l). ALK (3 #). PIK3CA
(2 #l)s PDGFRB (2 #l)» NF1 (2 #i). HRFAHRE VEGFA. SMAD4. ROS1. NFI1. IDHI. HRAS.
ERBB3. TSC2. FGFR3. NTRK3. NTRKI. JAK2. KRAS. NTRK2. MTOR. EGFR. FLT3 % 1 .
27 PEAH 14 BIXRS HBE R 2848, Horf BRAF RAFFN 71.43% (10/14), BRAF Bt TERT &K %45 1 4
(W7 3)o ZHN KA, TCV-PTC 3 HIXE M2, 2 Btk 454 %, HI5177E BRAF V600OE

Table 3. Mutation status of the invasive group

% 3. REBAEARTIENR

Frg MR AR R RAFFEH RATHRA F (%)
1 % 12 FEAT Y IDHI 6 A BT RS AR 1 5 AR 34.20
2 S 27 R BRAF 15 SAME T SRR 7.90
3 % 38 4 A BRAF 15 ‘SHME T URA 16.00
4 S 48 e 4 BRAF 15 SAME T R 11.60
5 5% 46 FEIR 41 BRAF/TERT 15 SAMB T4 LRB/ B FXERAE  19.90/16.67
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6 S 50 =g BRAF 15 SAME T URAR 8.30
7 S 40 FEAR 4 A BRAF 15 SAME T R 5.10
8 % 31 BEETTY BRAF 15 ‘SHME T URAR 6.50
9 % 43 R BRAF 15 SAME T SRR 23.40
10 ‘S 28 FEAR 4 A BRAF 15 SAME T LR 8.00
11 % 34 FEATH RET/NFI ~ AKAPL 'RE; EE?;S %gfﬁz L 7.40/3.10
12 % 64 FEAR 41 A HRAS 3 SHMNE TR URE 28.80
13 % 43 R4 A BRAF 15 ‘SHME T URAR 34.40
14 % 62 SEARIL] BRAF 15 “SHME T URA 30.50

vE: IDHI GHATBEIRILEARS 1) BRAF (LG E AEY). TERT (b B 5 55 1), RET (FYEHER). NF1
(1 BUARL A5 5L ) HRAS (H K B AR F 2L ) o

RAF; HV-PTC4 i, 1 474 IDHI RAZ, 2 #il25 BRAF R4, 15128 RET &9 NF1 RAZ, ¥R
FHRAFAEAT HOR IR 4 ) B AR R K B 459549 CCV-PTC 7 B, 6 G4 HUIRIR A IR, Btkpieszi=, Ml
kLA 2 191, 6 1179 BRAF V60OE %42, 1 44 JF TERT K42, 147y HRAS A8, GRig AL 4 K
K535 N 73.33% (11/15), BRAF 548N 33.33% (5/15), RET HHE2 ], Atk 13.33% (2/14). {kiZ2E
RIZH h BRAF RAEF N 59.45% (44/74), BRAF BEA HABKERI 5248 12.01% (9/74).

4. g
ITESAERE AR, K24 PTC G EAEM AT N, K, FUGE. AT ARIRN, PTC f£1E
Jo5 R AR — 637 ) B B S5 AR AR 2R AE 8] [9]. 2022 Ji B 5% T A AT Y B Bs 1297 45 ¥ 0 PTC 43
N 14 ASEAL10], ST WHO HUIRERIE 7338 il PTC 4309 13 MOEAL, itk - S HUIR e
(cribriform morular thyroid carcinoma) A~ F 4 PTC WAL, i A ZURIE R & IR . 12781 PTC WA HH
IR ZBVE AW R AE, W RDAEMIR . Z4etE, BURIRAMRZIE . WE SRR KR IR T A
DT[] [12]e AWFFH, (RZBBOTAIAA LR 22 24 SE 25 S tH BN 250k 2 457 4% I HOR MR AT,
£ AJCC Fy I B, JREEARIIEYT, Heansi g 2 AR T SRR R A 5 T B A 2508k 2 2575
)« ERRR AL R AR ZINHNE T FBUR TERA YT o 1RZB1E PTC B 1 IR PRR HL 2 B RBP4, HLHRE N s
W HAAFPFHE. BRAF %482 PTC Wi WIIERIRAE, 25 90% 20 T4 15 bR 600 A7 40
P& B 23 2R B AR(V600E), I T AR AT 0 % i -5 40 i J) B AT A9 28 o0 B B e s IR 7, R il 22 Y il
1B A BN B A ME 5 T T RS S s S EUMIR R 2E . BRAF V600E 3 R mT LUE Ayl PR T 1) 7t
MR [13], RRBFFARIL, (Z282H 14 4535 Thabka BRI 9848, Hott BRAF V60OE 748 2645 151(10/14)
71.43%, FISCERIREAI[14], XFRIFKZE0Z58 PTC MIATT LLEAT4E X BRAF A G ST 7L . TERT
Ja T HA 4R R AR e PE 68, T TERT J& 3l 1 5838 R R 52k K Js S8R 38 B A3 G 15]. AR
WEFE G 3L R B TERT 2848 7 45, b 3 4] 5 BRAFV600E 2848 L [E HUH, 2 B FEI &k B 45885, 1
Bl 71 B LB ERE 1 FERER, NERTA,
TCV-PTC MZHZ %R mUN AR bR A ) & FE N e FE I 2~3 5B 2, At 7 30% A 1, 4
JR S PERR I I K EMERR IR . 2015 PTC 1 1.3%~13% [16], AT R &AL 3 51, 2.9%, 53CHkR
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AT A WIESZAZ, 2 BIFEMSTKE 45568, 51 BRAFV60OE 4%, HV-PTC M2 Z154Rs st
30% ) I8 4 T2 F ik = JL AR 40 4 I Al Co (R AR S, AR T4 M Toion , A% 5 LU FRAEC, 40 M 6 P 132 2k
TERSRAL “REAT” (AP SCRRHRIE 1R B AEAE R IRIMR AL 2 151(40.4%) RS 615 26 151(68.1%) (1 HRE
R17] [18], AT & 4 11(4/103) 3.8%, FARF MBI AR KB ILIZIL . 2 52 7 17 BRI 40
o g KRB Ak B 4575 3 . IDHI 5848 1 609 12 % RStk 45444, BRAF %878 2 fjl, RET
A I NF1 R4 1 fil. CCV-PTC M54 fUN ARG M4 B, i 4 A% 5 R 8K, rI AR,
AT bz N AT, P RH PR Ik S g b S R B R Y & BRI 2 (caudal type homeobox 2, CDX2). 3CHR
WFL) 27% R GIAFAERRIMR AL, 50%11) B35t SRk 45 #7[19]. ABFFCH CCV-PTC 3t 7 i,
6.79%, 6 BT HURIRE VIR, YIEPEEAZAZ, MSIARE LS 2 #1, 6 5 BRAFV60OE %2748, 1 &It
TERT R4, 1429 HRAS %45, DSVPTC FIREsi& HURIRIRIENESZ R, T2tk RIE, KEV IR
FEAT B VR AR FORBR A . AT 15 61, 14.5%, Hord 7 5il(46%) P18 7k B0 B R 28 TR
REMH, EREZHEREEMNATHEZEN, TRe SRR K. TEMRIME K0 475
fabs LSRR ZBAW T ZR . A5 DSVPTC 417 BRAF A% 33.33%, BRZE A RARAZ B A MK,
53CHRR S 39.2%AHIT[20]. AT 45 K, RET &5 DSVPTC 5 — & RBME, RET EHES DSVPTC
A Rk LRI R TS B VA5G, IR B S s i s 22 b e XU, I BLAE AR A h R IR
[21]c AT A RET BEHMY 2 41 13.33%, (HIAHEARIL, 1 BIAMSuK S5 . & DSV-PTC
MR EARN B W S5 IMZ BA T ZE R (P = 0.842), (HiZH HURARIMZILZ(53.33%) Mtk R 45 5 7 R
(13.33%) AT B, 485G KIS B gt — P Ik ARV AT N RHE .

AR B A AE AT FU R X IRAH, &t 74 9], BFEE LAY 69 4, JEIRTEAY 2 5], F A 3 41,
. BRAF RAFHK K (44/74) 59.45%, BRAF BA HAWIE R A5 (9/74) 12.01%. Hi 1 1 70 B E#HN
BRAFV600 4 Jf TERT 3K} PAK3CA WA R R, ZEEARGFEMBEE K. | a5 58
TPM3 5 NTRKI Fili & A TPM3-NTRK1 55 URAR, 1% 8 AR B0 45 5 8% M IEAR 0 . X P i
TN ERAR 22 A R AR 2 BE R RAR AT R AN R TS

KR FAIZART 712221 PTC 5 DSV-PTC £ I RT3 AN I K R AZ J7 T RS i 0 T s i 5
ISR SR A A AR B B L g Ak R R R S R R R S R R R B R, RS UE S AL BT
R 28 PTC 75 RBCENBMRIEIT HR. FR, AL ERMRME: oA A A g5,
AIRE R RS RLREA L s TN R AL B BT, AN TR, R REAfEE IR B ey, 45 A
TR, WAERTRH— PR AR, 2 O TS AT TSR

BA
AN YT R ER S EE R e, fits: KY2462.
E&InE

I T T AU AT RN 2 38) (2024 YX0077)
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