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Abstract The incidence of thyroid cancer has been increasing, and early diagnosis and treatment are crucial for
improving patient prognosis. With the advancement of artificial intelligence (Al) technology, significant
progress has been made in its application in the diagnosis and treatment of thyroid cancer. Al technology
has notably enhanced the diagnostic accuracy of thyroid cancer. By optimizing imaging examinations
such as ultrasound and CT scans, it can more precisely identify malignant features of thyroid nodules. In
fine-needle aspiration biopsy, the integration of Al with genetic testing technologies has improved both
the accuracy and efficiency of diagnosis. In terms of treatment, Al assists in intraoperative functional

preservation, reducing the risk of surgical trauma. For instance, it can accurately identify the locations of
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the recurrent laryngeal nerve and parathyroid glands. Additionally, Al is capable of predicting the
efficacy of !l treatment and the risk of complications, thereby guiding postoperative follow-up and
management. The core strength of Al technology lies in its powerful data processing and analytical
capabilities, enabling it to uncover latent patterns within data and provide a scientific basis for treatment
decision-making. Looking ahead, with continuous technological advancements, Al is expected to propel
the diagnosis and treatment of thyroid cancer towards greater intelligence and precision. However,
challenges such as data privacy and algorithm transparency need to be addressed. This article provides a
review of the research progress of Al technology in the fields of diagnosis, treatment, and prognosis
prediction of thyroid cancer, explores the current strengths and weaknesses of Al technology, and looks

forward to its future development directions while acknowledging challenges like data privacy and

algorithm transparency.
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fE (artificial intelligence , Al) ~ X —ARi&E, FH¥H
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e, BEEE M . ALC YT Z N T
FEODR B B 15 451 ek, LT 10 4F 5k & R 3 JE e b R
B SR E R A R i B e PR R
FIE % DA 115 55 B 4 rh 3R BOK & /Y 8 f AR, ORI

ol EE BRI DA P-4k TG 1 A D0 38 1 T 0 A R,
R IR &5 71 B AT 22 F i 0B 75 AR A1k, 3 IR
O KU 1S 0, 3 SR E A A S g L IR
VSIS NI S AP N S W55/ 2 /NS
SR, EVPAG X S RRAE Y, 224> b 22 (8] Y W00 %2
H— B ARA AW Y. Wildman-Tobriner 55 5
T 3% S o 2 BRI AR i A R B UE &R B
(Thyroid Imaging Reporting and Data System, TI-RADS)
JF % T —F BN AT TI-RADS B R4, % R G0 i
X TI-RADS H 48 52k . SEbk . o A e . 25 Jnl
LR EE BN E . AR>S MRS A
A NS R 7R AR A R 23 B0 20 (R R A0 AR T Al 8OR |
FEEH TR 7S SR AR TR IR A, R R T
WIPFBFTEEA (55% vs. 48%) FIEZK (65% vs. 47%)
I3 —E SRS T AL T 28 8 A RRAE
G5 RAE N BT IZ MR R A T RRIR L g L (A
AR . AR LA, X SRR AR
AR Y 2 o 1 o o B S 45 19 3 Bl E 260k TI-
RADS IZ% . &% 4000 2 Tl 7 1) i 88
o) AUBERY S B PR R A P S v ) o
FE>50% | Sk B 55 2 1 i S A o0 B AR L AL
BRI . A R R BRI . E e
54k DL K 0 Ak A5 R AR, 7R TN A S Y SR
PE R AE R 5 T 3 B 0 o B 32 U T AR AR
(receiver operating characteristic, ROC ) R R
(area under the ROC curve, AUC) i5%]0.903 2, %
T AL Gl S BRI J5 vk o Rl 3208 A ALSE
I Al 1 28 8 00 5 B DD 9l B Y 7 125 0 ORI &5 1Y
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Poa,

Prochazka 252135 $1 19 AT 335 WL B i2 W & 48
(computer-aided diagnosis , CAD) FEX 857 k47 432K
W, 3% 28 G0 A MR T R A2 IR I i 7S 45 Sk 19 7 1)
KRSl A PO = W 3 B o S0 | 2 T
EVRBURAE , WERR 33K 5] 94.64% . Yu SR A
R RRAE AL TR IR AR L) S AT T (e
e, ELR R JE K AR B R Al 5 K T Bl 2 R A
B, FF4E A 65 A SUHARRE XS &5 AT S0, X b
BRRAE R B T AR AR 0y O R R R (Al
100.00% #1 87.88% ) . Tuo SF"1id i ALK 5 8 75 5 U]
P BAGORT FRAR B 45 15 #4712 M, AUC 24 0.903,
HE 1 % R 90.3% , B W& T B gl 6 5ROk R 1R
(60.78%) .

TI-RADS V5 S KU 70 J2 22 58, % HUIR IR L 3k 4R
I (papillary thyroid carcinoma, PTC ) BEAEE KM
Wr A8, {H X BRI 08 W M 83 (follicular thyroid
neoplasm, FTN) . H R BE AL (medullary thyroid
carcinoma, MTC) DA K HAh S RY i %k ibgg . HoAf
B D00 A X B AR g vk HOIR B R (follicular
thyroid carcinoma, FTC) Fl J& 1 4 H R B¢ IR 98
(follicular thyroid adenoma, FTA) 2 [b] f 35 % % 5l
MAET AR W RIEIN SR . A
Al SEI2 WA, S ORT A 2F I K (fine needle
aspiration, FNA) ¥ [ i — & IR xE, B 75 Ky A
o, iR i ORI 58 i O B A R 200 I
WAES, WA REHL /R A FTC, [H X Fp L8 (1 48 7=
BLIFASH WU

Chen SR ] 5E T 22 N FRAE il G 09 #f 28 I
25 X7 FTN A7 88 75 BR 40 25, 78 DUl IR B2 & ) A
1 (MobileNet V3. ResNet-50. DenseNet-121 ., MRF-
Net) ™1, MRF-Net & 3 H f5 5 09 HE A R F1 AUC {H,
53 50 N 85.3% 1 84.8% . Zhan “FUV3H 3o $2 B R Y
e P dEg TR 30 DX S AR 2 S RRAE R BL AR 2
VLA T WAL I BIRIAE X 4> FTC 5 FTA B
BABEMIZETEGE, A FTN 8 50K 112 W 42
BET B0 T . D5 — e TR S A BE A SCHER B2
I AL A% 2 >0 15 8 T BRIk R /N AR HE R R
% (thyroid stimulating hormone , TSH) J& % %] FTC
5 FTA 0 5235000 B 1
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FEPER . B R AF) DL RH A TI-RADS FR1E
FE 38 Y UE R R B T m AR (P 3 AUC=
0.92) o Xt F ARG A B0 777 5% 78 (R 1], B A
() 0 AUC 35 8 0.91, 7841 512 Wi 1 58y w2
T Lo iabr . MBI GRS H B IG R He 3, A B
T A 6B B K B 4 T 4 R e R 2

CAD B VR Ji 24 > A5 1Y i 1% . 35 42 5 ) 9 I= Ui
FE HR PR S5 57 12 W b B BB EE | 12 WM g S
R, R ARG B AT ) 9B Y 12 K K
Bk @ I, A —Iigh A FRE 208 K EE B
10 023 i JB 3 Fcdi i KA R o v, F o9 & 3k F
KGRI KT R o EV R oy R JF LA
TOCATEBY . A R 2 AT S Bl B 3% T 0000 (4 AT 5 BY
=R RAERCRIR 2 P R RRE . A5 R B,
RS Y R AR TR G 0 R A B I R 3 AR R
fiE fix £, Dice & 3035 091 (95% CI1=0.90~0.91) ,
AUC 35 0.98 (95% CI=0.97~1.00), H 3T L) AT
BB TR A SRR S U A2 v A R AT
G g g R o, AL A 1 R R IR R 15 i)
HMIBE RS (C-TIRADS) 4325 Al 41 55 12 W i i
R 54 R, JRHXF <10 mm B9 2557, HEAK
LW AE AL s X T >10 mm BYZE T, 8 AL E
WAy Wi e HEAf % . BUERE . R R E R
CEREES

I AT AR R figt 32 FHOBR B 75 LG sl AT A
fiE, AT AU 43 ) BEOORS WE L R REARAS 2 B Y
FNA [ g2 B 28 Al P F BRAFYOOE ¢ A8 1281 [
BF, % Ik B &5 e B ) RS E AT T, LA 4E 3R
WA HEAR IR YT . ALAE HOR IR 2 W b & 15 5
HEAEN, 8O0 R R PR AL R B A5 A
KRB WS E SRR, RERST
FOR R A2 W R RE o (EL 7 3 AT B — AN R B
FHODR B 8 75 41 4 60 45 4 T Y S0 AR AL SUIEAS , A
FE Uk L A5 AR S5 R, B AT AL DL r AR BT
X8 AR A — AT .
1.2 HHERE
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ORI B 2R, SR HLgR 5 S 5 R JE AN IE



555 1) KAz, % A THE G ARE FIREE LW 5 1657 o o 5 F 1021
T CT EZ AL #EPT PTC J& e & UL HOR B g (5 He R o 80% )

Li Pt T — A5 T 6 B & W %
(convolutional neural network, CNN) A8 R IR 45 7
B3R 502 RS, %R G5 H B Eff-Une
43 ) I 2585 W o E A5 I RO X S, F DL p
G AL B[RRI G AR Y 43 28
W 4 S B T 85.92% 1 43 24 WE Bl 38 K 0.855 119 43 1 28
FEH, FRTE HUR R S5 0932 Wi b e B sER R RE

TP AR SEI AL TR 2 AR T B
CT [ A= 55 B2 W R IR 45 5 o 3% B AU e 31 i
86.45% 1Y ey fEHR A5, BB T IAEBEEIN (71.4%)
M ARG (77.34%) , H 45K EE 112 Wi i )
Mk, LT (0.12+0.02) s BE4h, 7 CT 2 Wik
Bkeigi rm, ARG, BUREEHRH
Ik DA Hh Al EL s g 0 i B a2 e TR

Wang S5 i 75 MR B8 T3l 43 1 AR
g5 BRBUBCH L 2E RRAE, I8 45 A LASSO [#
VS AR AU 32 436 R 32 48 T 0 2 38 1 AL BIL 28 2 ) B
B T PTC 42780, AUC =ik 0.92, BEM
FALAR A e R4 AE BT A5 09 0.56, A IETT A1 BUS PEAS
AL T A 1 F

FHOTR B S50 {50 3 o R %3¢ Y HR R 45 0 %o 8 5 7 17
PR 1, TR ROEMESS T L AR AR DL K
ARG PEAG J7 10 BT B L. Zhao FIXF LT
AlexNet . ShuffleNet V2, MobileNet V3 £l ResNet-34 X
DU RR ATREAY g5 B i 7R 3 A TR X 45 T i 12 WL
TRHG B2 ¥ 5 T 85%, JUJLJZ ResNet-34, RS
1K 94.4% , L RA B2 2R LR U B 12 RS BB R O
10% . [7] 4 JE ZEPF) i ResNet-34 . Inception V3 il
DenseNet-161 & 59 X FF IR IR g A S5 41 2L 5% B8 R4 70T
i, MERIFSY 51N 91.3% . 90.4% F191.2%, i i2 Wi
SN U235 R 4.5 s, 29 s 173 s,

AT 7 FUIR IR 20 1 CT 12 W7 . 5% 5% ik 12 45 3R
B PTC A= 28 PE 0 LA K FF R R 2 AR PTAly 55 )y 1T 1
R SR, AW R R, L RE
PEFZ WA, S HUIR IR B IR R 29T SR At T
AR, N HATET R .

1.3 FNA

FNA B ZWi P IRIRES W FER A& F B, B
AR 0 OB R SR LR R g, RDHDIR
Ji 4 s B 2E R R gL, IR IR AR SR T — A
A VT AG DR R 25 1 O KU i TR, AT A B
5 il 5 TR E B IR YT T %

AL VR T HCBR MR 1 R AR R A ARk
HA 2 BB AR ERE 1 AT B T % ok, LR
o B R A R AR R B 1. Sanyal S5
HWFgE i, FFH CNN LI ZE x 10 F x 40 B FPOICK
£ B B PTC 19 4% T8 25 L SR &5 M fefE it
17 AE 1% W B HCks PTC 5 5 5t HF AR B i . FTIN Rk £
2 B P FROIR B AR X 4 K o Guan 48P T A% K/
Mg EEE (BRERE . HK . IR R E R
JE WS-8 ) TF R T —FloBT 0 ALZE 2% 50 2805 ik
HAE R BIR, ZIrR7E N BRSS9 b X 5 PTC 7
B AR (97.66%) . Savala 2L 56 3E T
X258, IR T 2 AE R, W
T 1T A 2= AR R F R R B AL, e 4 T i
4 FTC 5 FTA X /3 Pk . ZEFNA E R rf, s H N
BHALSRAE IR T, WAL S5, w5 S5 20
BerE, DR B2 W

B SR 988 1) ik DL ARG U0 2 LR 968 12 W R O
BT B, AT LR R B R M R IR T R
BAEEATESNELERBAE R, YT
10 77 5K B8 A 9 g4l =9 F — MR P (next
generation sequencing, NGS) 4% AR G845 78 P K # /E
HORAT M 22 3 9 R AT e A T, DA AR AR B
FACA 5 Be i Bs -2l T R AR R B
PE . I R A b DA R 4 T G o R M
NGS — B S K E e 1 8 22 0 o o ALYE b —
KEAET I, BEERNRNEIEShEAZA
B, IF A 250 ORI BRI 54 2

— BB R AE W R IR T R E T
R P A, Afirma JE R R IR 4> JE AR (gene
expression classifier, GEC) W 167 A, H
B 3K 92% , FHPE TG 2 93% , {HHHE 5 B Al
Y 1 00 A X A, 0l Sk 529% F4T% . ik T
¥ 51 4325 4% (gene sequence classifier, GSC) i i
RNA 14 58 7 NGS ¥ JE [F 3 47 Jé 2] 10 196 1~ HE 1A
LAl —FEAR Y GEC A H ., GSC 7E 45 45 i £ 5 Il
WA T RERR, HEREHNI%, FrREN
68.3% . X W Bl 4 A8 A% R B )2 A2 0 T RO
SRR EB 2 EEE A KA, TTLR
fe FNA 1Y #E 6 %2, JUHJE XT Bethesda HI/IV 28 45 75
(L W, [A) i REAG T RAS . BRAF LA K ¥ 78 1Y 35 [H]
ZEAL A AR R E KRS 43 2 R L TR SR AR AR
Alabrak 4511 5E F CNN A & A B, X Bethesda VI
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5 IS W Rk 5 78% , AUC K 0.87,

ALFE FNA 2 W R IR 25 i R PG 2T,
3 3k B T R v b R AN R AR R B RE T L A Bl
B DR 0 £ 4 o B DA R A Ak 22 0 TR 43 2R 2R A
b EE T FNA 2 W R A M R R, S BRI
T AS HEZ W 56T He 4 7 1 S
1.4 BEEREHNIMNE MIRE

Guo FFWHH I HLAR = S H kL, Z5A NSt
Hb T S 4 2 R AR A W AhR AR, BAE RS AR
LCNEA ;0% ST 0 - SN (1WA YR NI U o = R
020 L 11 %0 . BRAFYOF LD g8 AR R 2 . v 1 bz 41
i 3 QN 1 A N7 5 QN e 6 e OV N 1 O = A
e Tl R Rl R PRI 55 RO R A 12 A4S T R -,
FHBEALAR AR L A B, R 25 R B, 72T
G 12 A S0 R, BT 6 IR AR R
JoE RO AME R OGN o i pE SR TR a5 A% AR
7/ O N (1 gt /v UL e =SB (7 RPN
AR T B T H

2 AIFERRRERT PRI H

2.1 ARPIhEERIP

N 3R A 28 1) PR 47 4 202 AR B U 7E T R v I
J R 2 — o AL TR SEUE ] PSPNet 1
D-LinkNet i S 43 BB R SE A7 U0 S5, DLl 28 M 6
28 ) L N 5 1 o A FROBR AR T R v o R A 22 11 3R
BGOSR BN, T IR 2% 2T 1 AL BE 12 7R Ik
IR PG LB RGE AT, B R AR T R 5 KR
P FAR L WA H . Nishiya 5500 6] FE R
FHE o BIUR BE 24 ) vk, K 9 CNN B AU 75 31
) G B Ao R 25 K, TR AR d s A D T EL A T
J1, AIEEBIANREE A R AT TR SR .

FH R 55 R Ty R D 3B 2 4 BRI DD B R R B R
UL I B E 22—, B v H R 5 AR TR = 0 ek 2
RIFIFAIEE FREE, Wang Pz ] AR 5 >
AR, A S e B R AR ST 1 (Faster R-
CNN) A8 R 220 AT (PTAIR) BEAL, %A%
U TE T B8 AR R T AR o T S s S R BR B FROIR 5%
JiR o HORR 55 IR AR R O 96.9% , i 3 T 014
FHEA (719%), 5SHEIFEA (875%)
M, [FIEF, PTAIR Lt % UR AL & A= $2 11 3.83 s L1
HODR S5 R, I FLBR R B 1] b R IR AR B A K 62.82 s
X ¢ W PTAIR BE % 0 5. iy {8 551 0 455 25 B9 B FPOIR 25
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R, A R TR A R ) 2 A B B AR Y
B,
2.2 ESVIETT

SR YT 4 Ak Y ORI R 2 — e A R Al
WG T T B, Rets b 3 AR 2 & MAET R
B, I 2E OB AR TS BT . Kavitha PR T —
P oL T 2 2 45 R M4 R, figdg 1 3hil
51 3 Ak B BECRR B e R R 22 IR YT R A BT
A8 1 B A FRODR B RN B MR AR B A L AR R S
BT 93.7% W B ARRE B, WS TN TR
74.5% , i R PSR 4 it 2 S AR

Sa S5 F 6 P ALSE AU Sk FUI AR E XA I
BRI R W (effective response, ER) LI A X TSH )
H3E I7 B9 A 4k 2% % (biochemical remission, BR) o
GER R, AE M FYT AR A BRI R, R A
il P HIR AR ER . (thyroglobulin, Tg) 7KDL K ik
S I RS R, U AR X IR YT ER Y R B
0 L —F B PIR YT IR A B b T UL FR
Ji% 5% BR W LA K TSH K P, WDk 80300 TSH 4 136 97
IR Tg KV 1 T B AT BB 00, FF ik S A
BE ML AR ARASE A Je B e A, H XA B3GR W A 9 ER
59E ER B HERA Rk 2 T 81.3%, AUC K 0.896; T
I TSH #1135 7 19 BR B9 HEH 8 78.7%, AUC H
0.857.

Lubin SEP1F] H ATAL 2% 5 2 F R S 7 ' 3R
IP R I R 2 . DR R B0, b8 s kb e Ak A
Wk LS5 2 A0 5 B IR R T R I S A G A,
ARG HZE PARYT R AY Tg A Tg LA ACE TR B 534
SPHRPUAR G o X Rh 43 2 o0 B e oK A B TR TA
JYORWE , R EIR YT TR, DT Bk R A T
Fidk o 53— i, ALALER A TE SRR B 5 1 0
L ne s B R IR O 2 B E AR, IR
=t N B A7 3 %) S i o)
2.3 XHRIT R TN

AT BE RS B 36 97 RO B I & RE B0, AT 42
O o A XU T, AR 5 IR T BRI, Seib
AEPTNE 17 987 {51 4 7 FOR AR T R B 91 2E AT T 4y
B, BIBLWER B2 4505 . BT AR JF 30 d IR
5 LA DA R 90 I i 1 2 A Ay R 6.1% . 6.4%
9.0%, ik — 2 AT 9% ) v F ik S T
MAEARL 3 T BRI TR R IR & E Y
HE T o

Liu S0 H 57 ATREALARARARL, 647 T — 30



%5

XNHA=, FATH G BORAE FIRBE D W 56 57 F BB A 1023

T T T A 5, B T ORI BR AR S R
R B HF AR FREOEL. SRER, #
RIG 3N, A 21.33% 9 8% BB T A 06 i
N SR N e Sy B a1 e B
(R S A Ra SR i (1 it N Qs S = s e
RO S WRIR AL . 4181 2R M | AR L dhg
itk . GBI L R FAR A 53 A B g
TE R A N FGE T EE RN AR AR R (45 4140
2E oy BORNIG R 43 B9 ) # Sy T WA AL ok Fi B
AR B L WS Mg b 55 RS (AUC:
0.85~0.91) , Ayl IR B= A il i N R AR iR 97 7 R 34l
IS SZ5

[ A, 38T AT A AR S BE 15 &R 48 A R =
TR S R S, SR BT ) R
PRI AR BRI S REAS BT T, AT T R LA A
i By B G 50 Bk I8 A AL I Ak T L A R AR G
HBh PR . LA DL R B A O

3 RBEHRE

AT AR AE HUIR B 5912 W 53007 i 2
JRE B S 2 B RS T ol i L TR AR AL BE A
WESAEE, ANRFRE TEE . CTERGRY
KA 1912 Wk B2, (115 B2 Uil BE 0% SEORS o M 3 ) F
ARBREE T B AR . EdR T AR h, AT (U
By AR P I RE ORI, BT AR KU, il i R
B o A48 S PR TT A SCEEINA T ROR MR K
iE AU

ATELARPEAR L I7 5 2 00 D B 2 207 T Lo R
(0 %3 A BEAN 72 AT BE T o A R AL BT I, AT BE
% 11 2l 3 IR 15 b i SRR AR, SR i PR A
DS SRR S P NN E R Tl i
FURE S BE o (EREE I Jr i, AL M i 20 Y
i R 2R X R I PR BN BE AT ), BT
S BURE i AR LA AR S, iR R R R AL
Bher gl .

JEEARSK, ATHOARAE HORIRIE 1277 19 b
B SOREE IR . — 7, BEE T RE D BN
$& T A1 AT L MR 2o, AT B2 550 B AR e
f14 % 309 e BRIORS i 23389, Ol i S AN AL i
J7 O AR AT AR AR . Sy — T, AL SRR
HNAH 2 FE 22 BRI G , F5 4fE 3 BRI
2PN I X AN R A Ul -3 N

WG AT fe B2 7 MR BERE VT RSP NI HT, A&
HHF RN E 2 BN HE L WA ST IRy, it
— A A PR IR S8 A A T R

SR, AT Y ) 32 I A 1 1 5 K50Hh B il
SVE B IR A Ry AR BLAE 7 i A Pk . R, AE
R A R, 5 BN A S UA ik MR
Wk ATECR B &35 . SRR, JF @S 4 A9 i
EHLH, DAPRRR R A g % 4 AR, BT
BN e B A AR, S ATEOR 5 il IR B o i IR
JERL G, JERRR ATEORAE HUR IR 127 19 i
R B

WeHFRER: 2 A= G TR, BB
WE G G FTIRE AL, B EHE, BREL; M,
BB BT KL A, E R
LS d
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