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Abstract

Papillary thyroid carcinoma (PTC) is the most common malignant tumor of the thyroid. Most patients
have well-differentiated tumors and a favorable prognosis. However, a subset of histological vari-
ants shows more aggressive behavior and is associated with poorer clinical outcomes. Current stud-
ies on this topic mainly follow two lines of research. One focuses on the clinicopathological and mo-
lecular features of aggressive histological variants, especially the tall cell, hobnail, and columnar
cell variants. The other examines the additional molecular events acquired during the progression
of PTC toward poorly differentiated or anaplastic thyroid carcinoma. Taken together, these findings
suggest that aggressive histological variants are not simply caused by a single genetic alteration.
Instead, they are more likely to represent an invasive phenotype that develops through the accu-
mulation of progression-related events and cooperative network remodeling on the background of
MAPK pathway-initiating drivers. Aberrant activation of the MAPK pathway, including BRAF and
RAS mutations and RET fusions, is widely regarded as a common initiating event in PTC. In con-
trast, TERT promoter alterations, TP53 abnormalities, EIF1AX mutations, and changes involving
the PI3K/AKT pathway are more often linked to increased aggressiveness, dedifferentiation, and
unfavorable prognosis. This review summarizes the definition of aggressive histological variants,
their shared molecular background, classic progression-related events, candidate cooperative al-
terations, and the evolving understanding driven by high-throughput sequencing. Our aim is to
provide a useful reference for risk assessment and for improving molecular classification in high-
risk patients.
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1. 518

FROIR i A0 0 AR R R Tt v, A HUHR IR 3L Sk R 98 (papillary thyroid carcinoma, PTC) /i 46 K 2 44,
HE2HEERE REF[1]-[3]. SR, IGREEE, JFERTE PTC #UEIE(IN G, S22 it | AR AL,
DH PTC 7EMRBEAS LRDRILH B /AR 286 ). sk S R M E RS, ERHIEs
i, XN RAAEA R T IA PTC (WA 2ERER[4]-[8]. BB 7 I8 5 K 1X 8 B A B 2%
PRI AR EAFAE (AR PR SV B RN R 2B M WA E G . 24002 T PTC {2 2800 R () STk, 22 M
AL IRTT SRS FITIS M B T o TR TR 2R AL 4TIk AR STk, DI BE 22 G v 43 A 284 FROIR i e 1) B
T 12 28 1 2 7Y T Z A% 23 4k HOR iR (poorly differentiated thyroid carcinoma, PDTC)AI A 431k FUIR A8 (an-
aplastic thyroid carcinoma, ATC)3t J& i BT $:45 1 7 1 44 [9]-[12] - Lﬁﬁ%ﬁﬁnﬁ%ékﬁﬂﬁﬁﬁﬁ HI 4 5
VA UL R ARG, JEE R AR AR o BUEIETE R, B HS A, ZL_I SEREH AR
e 2R LR AR, R HE S B 5 MRAGTR T SR A B T SE AR AR [9]-[11] é‘ilﬂﬁ’]m,
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. ARSI “ 7, EESR TR PTC AR In KT 5t b, BB BEREAN OG0 1 FAF I RN,
BT IR AR I R AR [11] [12].

2. SREMTENAERHIEREX

FE)” Xk, PTC RZBIEALH AR AT A . BEET A . AR AL L SRV Ak M DL K
Y SEVEDN BRI Y AE[13] [14]0 o, dAfE. EEET ARG Y R (R 2 MR . 0T W TR A,
WA EARRIESAIN CAT 185 RI8 AR AL AR 73 SR /NG 7R BBt A A NAT AR ZRAT N IR 72K
B, (H LI RAT N A « UM 255 75 5 ROR B RS DR 2 U RO, 01 IEAR AT EEE AR AN A2 [14] o

e 4 S 2R P2 W AR e A A 70 BB R A v B S TR A S e, SL S SRR BOR . HUIRIRAMR
B AR AR R S T S ROV, 52 H T iRoe 2 (e R A MR A 2 —[13]-[16]. BEAT
WA W, A B DA 2R« A AL T 20 M 000 S AT RE AN RE i, 22 TR 98 S os L I PR
TN RIGEE, H S BEE VIR R[17]-[20]. HUREEMLE RN 50257 W, RIRERA N BA BmR 22
TERERIRFPR LAY, (EIL N AR BVEROR, TR 55 IR AOVR T R R A s 5l A1 2 DI A < [21]-[25]

R, XL BRI R X3, AR AR, HERAMAI
FERMOESMARTT L, AIEIRARERE . 5 BNt e 405G AL 2 2T 1) f) 55 55 9 A AR [F]
[26]-[29]. [AliL, ITEERBORIE 2 L3R T 5KAE H MW B & rh AR AR 2R VE R ey S L LE ], RN
PULHEE PTC X — B2 EEA L DU BRSNS R e [14]. 25, X miR 2R tE AL R AN e (5
TRE dr 4, TR PE R R R S FITE T 5, DRSNS AR e AR 1 SRR

3 BREMTBENHXRSTFER

MEEAE T, PTC FHANR — AN 1 AL £ 4 SRS R g, T B8 el /D B s ks F 4k 32 3k AR [11]
[30] [31]. H AT —FHIANRINA, MAPK JE B 5 5 OS2 £ PTC LA IKENE 5, H 9Pl BRAF
V600E AL H N W, RAS RAZF RET &8 T HE A M IKSHM[11] [12] [30] [31]. X Lepf AR &
PTC RAEMBEE > FHAEZ —, W{RAE AR ARSI 1 R 4 A SR A5 R 41 B A 2 434015 5 [30] [31].

TR A &, KRR RIRE e X — SR FINESE 2 B [11] A R IS R, i
BEET AR AN M P B E  PTC &85 Tl R IUBST AR, 72 2 0B 5L R I Al 2 BRAF. RAS B4
RET % 5% #L PTC AH— B K sh S [17] [18] [21]-[25]. H:, BRAF V600E 7E# 72 28 WA sy H 2
B, (AHAELMA PTC R FEIFEH W, FULTEE SR TE B SL R SORBAR, 1M DLk
P R & R R [30] [31].

KEORIAT, ARBIEWA BTE BOCHEIEAE TR SRR GRS, M T ILFEIREN Y sz B3RS
TWRLER AR [30] [31]. T2, miRZEMEW A HEAPIEMN: 15 MAPK @855 BT BE 4 15
fitkh 1, b2 B nadk A S A 5 T BRI R fE R A [30] [31]. Rk, o7 LRk I e AN B s B
A IRSNA LY, 17 S 25 I A B iR 42 2% M 19 i A v S v S PR P R 1) SR 4 0 - B A

4. RFEMEBRMESCBXPESRTRSEH

1E PTC [\ 58 {2 28 1 R AL OB 78, TERT Ji 31 O3 il A R 2 di J 2 1) gt J AT O i 2 —[32]
KEWFIER, TERT BT RALERHMIRZE. TR 2R AR I &A% V)M 5%, HAE PDTC
A ATC kG R B BT m . FEZER S, BRAF V600E 5 TERT Jo5h 7 X028 2 8] vl e fZ (£ b A1
e ATEIRAERRSEN MAPK (55, 5 25 18 Ik 18 s FoL Aty 1 A K 20 52 1) A o, AT S8 PR BE A5 3R 30
5 IR AR 1 A8 11[32] [33]. IMt, TERT 38 FRtB AR BUG M Fhrd, Rk
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HfE PTC bR I B B R EAF[32] [33]. TEFREME, KRG FHEMIFARWE SR VMRS
[F]T- PDTC B ATC HIRTIRIRES, M@ IER M E 755 T 2 1 v] B 3L 50 - 1 AL [9]-[12] -

5 TERT 28481, TP53 i 5% WL T Irbved gk Je AN 22 404 i B, T AR 48 ML PTC 119 B & A= B B [9] [10]
P53 THRESZ ), 4N FE I . DNA 5145 B 20 K R T FE e 3 T emsi o, g 40 it A of 528 59 7 AN ik
IREE T AR A KA B Ffth o 2R [9] [10] . £ 2 P R R A58 o, TP53 4 [ 52 M 9 HES)) FROIR i s 1] 5
P AR B (Y B B A A EEAT WA IR T L pB3 S RIA, AT SR H S T S AR
FE R SRHK[17] [18] -

EIFLAX 578 TRZ T B 99N FUIR s i3 FR I 0 I A% O AESE . AHSCSCIRR IR, EIFLAX 0% B R 28
PR AL R S, (B RAS S5 St AR SEAE I, Wl B8-S e R 404k 5 TRl m s A 5C[9] [10] [34]. X
— RN, RZERBIE O R BN S R B 48, T 2 AN R 2 0537 S AR CE I TR 11 & [9] [10].
K, MILAIESEE, TERT JE3h1. TP53 KX EIFIAX & HESHAN “aluit e 2, 1%
228 VL AYHIE 78 5 FOIR e 25 0 AU AL L RS T R

5. HiiRikih R E R A sEEH

R4 TERT H3N TR TP53 [ A B IR 3CRE, (HIHARATA 12 28 T 28499 51 41 5 i ix £ 25 4
B SEA R . TR, BEAE - FRNE R YK, Bk 2 gk v [ g, SR m e R AT
FCRT Re P I 22 AN D REAR R I 3L () 8 98 [31]

Hrr, PISK/AKT g 55 & MAliT it R Z MR 2 —. 1ZEE SMiA K. R, A7 TR %)
I, 4 PIK3CA. AKTL s SCiET R AEF R, MR fe/EBEA MAPK 5t 2 At —5 3k
BHIET Bl N A KRS RS /1[9] [10] [31]. 7E PDTC F1 ATC (A SSIEYE B 9784, (R 32 sis 2%
PEPTC H7Ra FHERIE, RRH S S mAERUMIER. BRIE50EE R, 4HHE B & gy 65
HIPAH R TMETS O . CDKN2A J3E AT i 55 40 M & A ) S 68 7, mT RS e 60 T AR e M R 5
FER, M AR ZB PR 3R 6138 25 - [9] [10]. SULREINY, 545000 N SORN A QIEHE LA DS 1 70 7 S 8 g ik
NWFTEAET, 7R iR 22 R BT Bt AR OGRS RE J1 88T, 38 vT RE A Bl B 9 R PR 5438 S RE 71 [35] -

XFF MYCN, MAEEHEM . MYCN E Ny HE B s K1, a4 iE. A &b B
B CE AR, ML BB R R W BA S5 SR BRI & B . (HEIE PTC SR 28V AL 7T
ME, XF MYCN B EEZIEHEIZD T TERT Ja3h 1. TP53. EIFLAX K& PISK/AKT S5 M 2 1) 3k @ A
KHAF[31]. DHIL, FELRARJE T 3G B HA Bk T R 0, TR O L i Ll e 4.

6. FPRIRZLEN S FRRM

DA SCERAE R, mdnf. EEAT AIAE IR0 S 7Y B8 )8 1R B M A, (E AN X B 58 A M R ) 40 3
R[5] [13]. Forb, My It o 7e sy, 5 BRAFVB00E. TERT Ji 8 T 855 & fa 7 T A 2
V) R0 RO ZR AR B, DRIV 22 0 TR 22 R 8 (00 40 1D U B S0 S 7 v A0 i I 2R e e B 2 1 [15]-
[16]. HBoF0FFULSEIR, = gH M 2L i WAR L R AR Ak, mTREFEBEZRRLARR SR . 2R Rifk DNA 5 & AR
W IR AERHE, RN HAR ZE R AL I B ARAN Hh B — A A AR RE[35]

M, BET ARG, (HIG AR 2R BUA R FIAN, 572 0 DG ) i
AMAE T2 B4 WIS AT, AR TANMI 4 Rr . S5 MRS M R B BB R A 75 R AR itk — D
I[17]-[20]. BRIk, BEETWWAYLE —@fRfE R Ha “ oA ) o mo B E FR e ” RS . S i Fide
N, ZWALE TERT 3T pb3 7t i Rk S Al S FAF [ n] BeAEAE T B B &R, (SRR A 17
B ER.
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FEIRGI N R BN L, B B R 5 A T At Fe s SL A IR bk, AT xR ALy 8 —
Iy ¥ SEAR[21]-[25]. BLABETEN N, AFERGIEREE AL 2RI AR TR, H i 2 e i,
M0 73— 595 B R B RV A B IR AB B SR, I T ZE IR PR 45 JR A < [21] [23] [25]. Bl ik,
REPR M RS P i RAT S8 B 45 BRI T A R L SR B e OB A g HIl, A EAUEIR —
PRMERER TS - MEfaREHEA. BIRE, MIRFIETMELRE ARG IRARNREZ NS
M, AR — Tk, WARERR AR T L AL HERE T AR R BU5]-[10] [14]. iR an AL s AR 2
UEGEARXT 78 70 A SRR S, BEAT WA B SR 5 R0 (A SR A0 R, AT DR 4 AR S 2R U 7 4%
SR A E AR AR A 2 R I R . EAERIRIRE E I T e 1 R, (A REMAS
T B 5 59 b ARUHE SR B RT BE A A R

7. MEMARAR R RERRERHPOIER

I fie e 4 L A P L R o441, R OSSP RETE PTC {2 28 M R L K B i 5 4 4 rp i 45 o A
H o SEAERERXT PTC MR TMEA S T AU ERIR, 12 28 M3 9 I AN (A A ey 40 P 284 B RN 25 Ak i 0 1)
T, SR R 4T R G e AN B T 4T S A P R A B A R T TR AH AR F 5 3 2R [31]
[36]. X s 15 o 58 G % S0 iR 40 R PRI RE 0« K S R IXURG RN S e 10 3R i 0, T 156 401 J5 4 Ak
o NI 240 B PN A A PR A S AR AL ) AR [36]

TEGPEWOA SR 2T, 5> 2280 PTC vl B8 2 I 5 4410 2 hE 5 e kIR . —J71H, iR 414d
HhBR BT DR SR A LR [ A i S5 S B A IR I B s T o OO R AR AR R s S — T, X FRR
TEAFEASLIRFEA N IR B . CA RSN, PTC G b vl B kG 25 s A oG 4 TRk
v M2 FEMIR AR OC E R0 i 5 A8 DL 2 A R 1 50, X SR B IR AR 2R R B N . R A5 R
KA R ARG TH R A2 [36]-[39]. T, Katoh ZE[RFFT TS, %8 I CD163+ 8 A 5% B M 4 g i 1
5 B RANE, FETVE R R RSN R 28 2 —[38] . X 1B A5 BT fd e B e s2 AR AU R 3 28 A8 15 55
MR, IR AR E 112 E6

WEAh, R AR R R 35 Jof R R LR AR L AR SR AL R 2 SR R I . 4 AR R T R Y K
FORZS AR, ¥4 i 1 o oo 4 o R R R 153z Ab B F2 16 71[39] [40]. Wang 5B 73, PTC s
YA B SR T A AR R AR OG, B WA T PTC 405 ST AR 28[40] WX — M EER,
TERT 8311 TP53 i EAHCHARIR S, WREAMUAIUIEM R A ARG i e b, AR I/E L i Al
FI ORI RE T 13 58
8. EIEERMFFX 2 FRENIRKHES)

BN FRAME, AMUAETRILT B2 R F R, BIETHESIARMISN “HABED 57 ) “ 550
HEFRAEA” BOEESI[9]-[12]. IR 2 AR e 24k . PRI DRI sl AT PR oA, X7 A Bh TR
BRAF S5 2 MLk7)), (HXE AR AR 22 A T o e L 2 5 R I AN I RR FE R 28 [11] [12]. Bl
BT AN TFIF RNA P R 2 USRS WM, WS IRE D X o ih ks ke
FRIEFE P B HIOTEHES[9]-[12] [30] [31]. 40, DNA JZTHHIFHINZAS n] $EoR IR 3RS 1 R )
AR A, TR S 2 T 55 U SE AT B TR AR M Ok . R 2B A I 5N 25 A ) SR B e

DAIFEE R, PTC MR 28 MR MM BOEA R 2RI “RBEL” , MEAIRERIN: 75 MAPK
PR E AR HEAY F, B b TERT JE3h 1. TP53. EIF1AX. PIBK/AKT 25 m=ift, JEEM 512280 # .
Z M B ARTE A SR R IAFE P o As . IR, Rl e B MO R A, B “ T4k — MR
LR ) g i f R A RO R R B F) oy TSR [30] [31]. X —INIRHGEE, {228 AR LA
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LA B AR RARAR B, TIN5 IR e 0 e A0 25 7 AL I L 485 D SR A
9. REERE

RMAKTTE, PTC mifz 28t A IR th s — B R ke, A2 TE MAPK JE B an IR B Bt |-, 3 —
R TERT JA3)¥. TP53. EIFIAX S5t JEAHICHAL, A1 bl e S P 15 0 I G 2 PR 5 B 98 5 T ok
MEfaR ., ANERZETEBILEARARIGRIT N, BESTHMEHE BORSHRAE & 2 s E7
TERFME . RRTAEVOR I RLAE L, 524 5IRKAFINET, H1X L8 5T AR B REE 58 47
PHNIE R JER FR, e B a7 AR T SRS LA SR AR A

SE
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