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[ Abstract ] The “2025 American Thyroid Association Management Guidelines for Adult Patients with Differentiated Thyroid
Cancer” introduce significant updates in genotyping. This article systematically interpreted the role and clinical applications of
genotyping in pre-diagnostic differentiation, post-diagnostic familial analysis, surgical approach guidance, postoperative recurrence
risk stratification, as well as targeted therapy and immunotherapy with a focus on mutation-based medical decision-making. Key
updates on standardized genotyping applications include: (D In pathological diagnosis, genotyping was first applied in pathological
differentiation. The 2025 ATA guidelines further clarify the distribution patterns of different genetic mutations across pathological
subtypes, enabling more precise classification, particularly for tumors of very low malignant potential, to avoid overtreatment.
(2 In familial analysis and genetic counseling, systematic familial evaluation is recommended post-diagnosis. The 2025 ATA
guidelines propose strict clinical evidence-based categorization and selective germline genetic testing, with tailored genetic
counseling strategies based on genotype. 3) In surgical approach and recurrence risk stratification, the 2025 ATA guidelines refine the
auxiliary role of genotyping in surgical decision-making and recurrence risk stratification, reiterating that genotyping complements
traditional risk stratification systems. (4) In targeted therapy, the 2025 ATA guidelines establish genotyping-guided precision therapy,
mandating genetic testing for all radioiodine-refractory differentiated thyroid cancer (DTC) patients before targeted therapy to select
mutation-specific agents. For patients progressing on target-specific drugs, re-biopsy is recommended to identify actionable targets.
If no treatable target exists, multi-kinase inhibitors are advised. (5 In immunotherapy, pre-treatment genetic testing is recommended,
with immunotherapy indicated for radioiodine-refractory DTC patients exhibiting high tumor mutational burden (TMB-H). This
article provided a comprehensive review and in-depth analysis of the clinical applications of genotyping in DTC management as
outlined in the 2025 ATA guidelines.

[ Key words ] Differentiated thyroid cancer; Guideline; Genotyping; Clinical Management; Precision diagnosis and treatment
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FRAGHEL, AL 4G T A S SR AR R X PR S A 4
BRIEPA3IZ B34 L E—Hel SR RSN
NMTCHIRE B, T 4F A& FNMTCIIR R 2 Wi
PRUER — R JE I TR A Ty . X U244
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Tab.1 Gene mutation profiles associated with distinct pathological types

Pathological type BRAF""* NRAS\HRAS\KRAS TERT TP53 RET PAXS/PPARy Note
NIFTP None 60% Rare Rare Rare 30% THADA fusion (30%)
(BRAF*""* seen)

PTC 46%~90% 10%-20% 10%-15%  Rare 10%-15% Rare NTRK fusion (7%)

IEFVPTC Common 70% 10%-15% Rare Uncommon 40% Molecular profile similar
to FTC

FTC Rare 30%-45% 10%-15% Rare Rare 25% PIK3CA, PTEN mutations
also occur

OTC Rare Visible 10%-15% Rare Rare Rare Characterized by
mitochondrial DNA
mutations, near-haploid
genome

PDTC/DHTC Common Common Common Common Uncommon Uncommon Often arise from PTC/
FTC progression, harbor
additional high-risk
mutations

ATC 25%-70% 15%-40% 65%-75% 50%-70% Rare Rare Higher tumor mutation

burden, harbors multiple
high-risk mutations

NIFTP: Noninvasive follicular tumors with papillary-like nuclear features.
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Tab. 2 Screening strategy for FNMTC

Syndrome (gene) Histology Other features Lifetime risk Germline genetic testing

Cowden syndrome/PHTS (PTEN) FTC", PTC Breast cancer, endometrial cancer, 3%-10% Recommended
goiter, macrocephaly

DICERI tumor predisposition PTC, FTC', Pleuropulmonary blastoma, cystic Up to 12% Recommended

(DICERI) PDTC nephroma, ovarian sex cord

stromal tumors

FAP (4PC) CMTC, PTC  Colon polyposis, CHRPE, OR=9.2 (CI: 2.1-34.7) Recommended
desmoids

Carney complex (PRKARIA) FTC', PTC Pigmented abnormalities of the Unknown Recommended
skin, myxomas, schwannomas,
and endocrine tumors

Werner syndrome (WRN) FTC", PTC Premature aging, cataracts, DM, Unknown Recommended
other cancers

Unexpected findings in tumor gene DTC Suspected hereditary pathogenic Unknown Recommended

testing gene mutations (e.g., PTEN,

RET, APC, etc.)

non-syndromic FNMTC DTC If =3 family members have Unknown If with history of other
thyroid cancer without the malignant tumors,
aforementioned high-risk factors. recommended.

Non-FNMTC DTC If<<2 family members have Unknown Not recommended

thyroid cancer without the

aforementioned high-risk factors.

*: OTC was previously included as a subtype of FTC and is likely also associated with these hereditary predispositions. CHRPE: Congenital

hypertrophy of the retinal pigment epithelium; CMTC: Cribriform-morular thyroid carcinoma; DM: Diabetes mellitus; OR: Odds ratio.

3 EEKRMNEESFAAXMATAE XRS5
RERGHHIER
31 RaTA RS A xT38-FRXa91E A
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PEREAR IR A S VIR, 45 AR AR 2
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RS AV (RNADPEEE ) | IR iE
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R, (AR 2RI R 2= SO
BRI, S RAETF AR APR . fs
BN, TR B T RS RS fa ks B
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Tab.3 Genomic Changes and Combinations of Events Associated with DTC

Type Early Genomic changes

Events in combination with early changes associated with progression

PTC Mutation: BRAF'", RAS, BRAF non-V600E;
Fusion: BRAF, RET, ALK, NTRK1/3;
Other: 1q gain, 22q loss

FTC Mutation: RAS, DICERI, EIF1AX, PTEN, GNAS, BRAF
non-V600E;
Fusion: PPARy, THADA,;

Other: amplification of the long arm of chromosome 7, and

deletion of the long arm of chromosome 22

OTC Mutation: Mitochondrial DNA, RAS, DAXX, ARHGGAP35,

APC, FAT11, CDKNI1A, PTEN, GNAS;,

Fusion: PRKABI, VPRREB3, PANXI,

Other: Chromosomal loss, near haploid with or without
genome wide duplication

Mutation: TERT promoter (C2287/C250T), TP53, RBMI0, CDKN2B,
PIK3CA, PLEKSHIp, AKTI,

Other: CDKN2A4 and CDKN2B loss, increased APOBEC3B activity,
global DNA hypomethylation

Mutation: TERT promoter (C2287/C250T), TP53, RB1, RBMIO,
CCNEI,
Other: CDKN24 and CDKN2B loss, global DNA hypomethylation

Mutation: TERT promoter (C228T/C250T); TP53, FATI1, AGAp2,
MTOR, AKT2, MT2C, KEAP1, TBX3, CDKNIB, NFL, PDGFRA,
CD274,JAK2;

Other: CDKN2A and CDKN2B loss

B I B EE 78] ( multi-kinase inhibitor,
MKI) k4t RP AR MSERE e, HitifRt
FTREIR A3 IR o T 1O DR I i) 25490 1) K
T RSB UE BE 2k g, 2025 R ATAHS e 1 37
T TR Ao Y, ARSE ST B I
FOEIRY T IHESE

4.1 RAIR-DTC#% 77 ] #4725 B 4] 4 A

B e S 13RS 7 R TS DRAG I 5 HEFEA T
HAUEAR—ARIIY (next-generation sequencing,
NGS) K, R4 AS A AR S % B K
T EAIIEDNA (circulating tumor DNA,
ctDNA ) Kl H BT SRIEE A L, HERRTE TCHRHL
BALREARR G (6L ) .

4.2 RIKFHABGRAIR-DTCE &304
MKI& ¥7

—LRIBTEIECRE SRR, O
JRREE T (HEFE62) o IR NI &L
B, HPasmE S REREM L (s
64) . [RIBFFFEAIAN RURMASEE -0 (HiEfE66) .

TR RIT AR M H KR e

( cabozantinib ) "' (#EFE66) .

2025 WRATATS B IR 43 75 b — > T pi 447
R ARIAYT . UEYE T — 0 4wk oF
g8 U S 1R JE 24 mg/diE IH 7518 mg/d
EIRFRE TTRL, 2450, 18 mgd % W22
fi##® (objective response rate, ORR ) “40.3%,
M24 mgZl H57.3%, =3HA KN K& A R AH
L: 24 mgZH }61.3%, 18 mgZl N57.1%. EIEF
ML R R T O REA A (ILET
THFR%<30 mL/min ) sZIFIIREA4: (Child-Pugh
CH) M, MEERIATIE 14 mg/d, XT 5
I HEAME AR i A s, SR B p i e
IR, BARTCIE R PR M 2 A, SR
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Skt — 25l B A7 AR K 32 50 B TR T
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RN AP L
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J8) . T EhE e AMKI, FIHAL e e 5
PEE BRI R L (HEtR6T, 4 .

RETH:N A (MTC A %7, DTCRlA %
%) RAIR-DTCH A et — Ll HRETH 1736
ST (e, Hhikke) T (HEtEes,
#24) .

ALK 585 (RAIR-DTC 5 g — 2k i
FHALKSEFIRYY (SampE e . PR Je fng gk
Je) " (Hitre9, #4) .

BRAFV“" ¢ 15 () RAIR-DTCH %, HtF—
2k N FHPT LA A2 UMK TR YT, 167 I ik R aloR
Mif 37 0, R BRAF MR S ¥ 1] 37
J7r (4R . kAR e iR e . BERAEE
+HEEE) 5 AMKURYT 1SS B uk m KU,
A AE— Rl I BRAFY O R SR M35y T s HAl
HEHER BRAFY PRy S P 0 ) 245 W) AN HERE T 1
WAEV600 BRAFM S (UClass 28{3%E4F ) 119
DTC "' (#4570, %4) .

X F A AV ZE AT iRy (d4ENTRK/RET/
ALK/BRAF'™" ) H55 H A UEEIRAIR-DTC
H, BEWUSIG IR s & ek
75 TERASEALH, {UKRASC 2GR X i L[]
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X DRLRE S M 3R T b B e E R 1)
RAIR-DTC, #EFEFRALUGRATNGSHM, B
Wi 25 0L 48 T T —2F 2, ctDNAKZM{E H
FARBERBUEALUI B 2 (HErE72) .

NTRK . RETFALKY)E T3 R 2 PRI
W, AR AECRZE A ROE S, Wil aiERAS-
RAF-MAPKHIPI3K-AKT-mTORTE P ) £ 4% 3 %

K fET, MEABAER . 2. ST
Feo AR NS 5 5 T s ke dhom ( OCHE
), B A SRV BRIV AEALL ) A
BEAR S IR, A B R B R S RS
RAS. RAFIEZIALT FiF ¥, ALRE(EH—il
SO, A A B B A O R IS A R4
FeR 2 M S IR S, X JERAS . RAFZS
o HA A o A SR AL A 2 T ) IS S R TR Y
JEIA

#*4 RAIR-DTCHIERESE S5 mEETT
Tab.4 Genotypes and Targetedtherapy for RAIR-DTC

Driver gene mutation

First-line treatment

Second-line treatment

Non-NTRK/RET/ALK/BRAF"*"* Lenvatinib sorafenib

NTRK Fusion Larotrectinib, entrectinib
RET Fusion Selpercatinib, pralsetinib
ALK Fusion Crizotinib, alectinib, lorlatinib

BRAF'** mutation If tolerating MKI: MKI

If not tolerating MKI: vemurafenib, dabrafenib+

Cabozantinib

Lenvatinib

Lenvatinib

Lenvatinib

Vemurafenib, dabrafenib+trametinib,

encorafenib+binimetinib

None

trametinib, encorafenib+binimetinib

2025 iR ATASE B 1 — 20 35 H o 4] [F) e A 4L
N RS R 258, 23 A% S 0 A7 A8 RI A= 1 o
o MAE N AERKKET324K (vascular endothelial
growth factor receptor, VEGFR ) MKI, M4
JE FlicabozantinibZR Atk FH T-RETHEAE 1) HUR R A
SR . (HVEGFR MKIZERETHR SlE T Y72
HHBIRETIGE VA RS2 2R, IRy h ARy
HBRET M e AR 7= Af AR VR i 2 . X Fh <
FIN” BREER S AR BHWT T 25 W) 7 B 1 48 b 1 45
B MFRFIERL 2y, rTLAZEM I RET ™ it
AR A i AR ph 2 R Ge s E M, il
FRIZ 53 B AR B9 S8 5 RS S L 1) 5 s % fi
TR gt 1] 17

BRAF 5 AR 5 S Pk #00 w) 245 17 ) A1) 6 2201
PRAESE R I T 5 Zeinyr, Hrb i o oL .
BRAFZE AL 38 B i 9 0, SRl Y
OGN DA SR LA MO R S B AR, 120 BT
J 38 5 T I A A 3 WA VEGE R 5, 30
Je (] S 4rifL CIAET P B2 4R BEL . B WA iel . AT 4
Y ), 255 T R R T A A R R T

(EGF. HGF% ) fe M dfa-4< . X s 20

PO B A9 PRS0 A 5 S 1 IS AR e 7 Hp B 1 A 1
fith, EECOZZSRIRIE X R OAEE (8] BT 4n i )
R, R BRAFY " 5 AR 9K 5 () DR iR g ol
PO M A MK R 2 R s R — 2
M HIVEGFR MKI,

H HTHE A 1) BRAF L 61 70 497 SR T

HI18BRAFZE7E ( FEJEBRAF ) WK (1)
S, XA R BELIKT FH BRAF " 58 AR 0 1) LA
BRAFHIGIGE 55 F . #5407 BRAF 2285032 0%
(NS T 601/ BRAFFEAS 8 BRAF LN El A )
B I LA — SRR P TE S 05 5 o A kb
e e sk sk e SR IR e ZRIE L, 23
PR A= K . R, AR I AR B BRA FA il 571
HI, WA BRAFIEAS AL, #i R V600E
al HoA V60028745 ( MIVE00K . V600D ) ‘222

R, 7EHRATRAIR-DTCH #1958 1347
o, AN T AR A S R BRORG i A ) 24
Yy, (R A B R ] — S PR AN R 2 AR Al
Al REA AR ATRYT R .
5 EETEATEMERZASM (high tumor
mutational burden, TMB-H ) =& & (& & kb
( mismatch repair deficient, dMMR ) BJRAIR-
DTCE#E

e PE K A S A %) (immune checkpoint
inhibitor, ICI) B HAMIE M g iGy7 vl figid H
THREERD], W iE HA TMB-HE dMMR 1 5L
(HE#T3)

2025IATATE EE 40T, HERBRAS B ()5 fo g2
WEE, AIie R ECHAR AR A BRI Ty . 1F
W HUIR IR A s e e (i A4 R BR R
FE S RBEME ) |, e fii e B
PRI (4 g SR8 7 . DTCH R IESET -
FIECA&-1 ( programmed death ligand-1, PD-L1)
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Koo MR METANN (EFEIHTHETAN ) Sk
W1, ¥ DTCHASAAAE I WoE, U
TEIZZEVE SRR Y . MR, DTCHEH A
HATMB-H, fR/DHHMSI-H, 5 ILAMMREF:
fiE >t

FFOPR i g X TC IR Y7 1) AR 2 2 1R 3 o
—I s FRRhREE . e T bIEE IR
(KEYNOTE-028 ) "', B7EiTAH hA ] 2k 24
PR T PD-L 1 FH I M 30 S AR 7 38 B e 4k
Horp 2245 0 HUIR IR, ORRAV 9% (S FrA 20
Fp s pAgg rp AR —F ), P ok R A AE N
6.81~H .

2025 MUATAFE B HEXEICTIA] ] T"TMB-HE{
AMMRFESE N —T 2 bty . JFREE . U
1 1% Fik% (KEYNOTE-158) ', B7EiF
A PR 2R AHTFE Z2 b [ 2R AL S (A (£
FETMB-HAIMSI-H/dMMR 98 ) 8997 50R1 42
e, A036I R R B, TP ok
EEWIN420 A, LR A 3450 A,
ORRN6.8%, Wi Zgfiffpsemtal h18.4 11 ,
PEIREE R RN 67%, HHPD-L1£E4 BHYEPES
( combined positive score, CPS) =1 (n=46) H
HIORRNS.7%, SFKEYNOTE-028(19%HH .
KEYNOTE-158i4u, A2 TMB-HYHAR
A, BRI R, A2/ TMB-H
BABEH, ORRHM29%, FETMB-HAREHR6.7%.
Wigegi R, EEeM2ME )R (Food and
Drug Administration, FDA ) HEEMA#F] 2R H4T
FTIRITTMB-HEEARE , 122025 ATAE R 1
#FTMB-HBEdMMR A RAIR-DTCA] % J& i FHICI
A

T1C T3 2o BHL 0BT 0 2 410+ A2 1 384 5 e b 98 e
RE, (Hl THUARRA B R 5 tse, DTCCEM
G W T Z B R, InAICTAT gE ekt —2
a5, M YDTCHEE NPDTCHE A /b HUR g
(‘anaplastic thyroid carcinoma, ATC) B}, [
FrBEIN . GpeFEPERISE , ICHAYF A RE T LA
Wi,

2025 RATATS B 2 S OETER R PR IT I G
At 8 1) 25 1 ) SR W, I DR B 5 AR R
VEGFR MKIBKAICTEA PrRIfERH, £WsLik
Bl RIS 2 BIRE R, . — T T
R 7 PG A R A A R A HTIA YT
RAIR-DTCHIFRL, —ZRIRIT AT, (HAES
B Je it e 5 W Ra 7 P I ORRIA 14% . o) — T

FEE

M2, 2025hATAE B AR A H A 09 I PR IIE
Wi, HEFERREIRIT F T NGSK I A & TMB-HEY,
dMMRJRAIR-DTCHE B . HRETRIT RCRA UE
TIU b 2 B R S K A VR T AR R AROR IR R
Tl
6 = 4

2025hL ATA TS B 38 i 58 A BRI I 2= 24 0F
Wi, RGUAHE TR BIEDTC A R A B 1)
AR HESS . ZAERE T ZF 12T 2. W12
R BIRS T BR2R 2, BIFE T AL RRAE 1 A
TER ARG A BhsE I 0 F AR IR 5 K 5
2, BB ATT AR REIRYT A TEE RS . 20250
ATAE B 1 591 558 8] 3 —F ARG %o b e d IR (A
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