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Artificial intelligence in medical image processing: progress and prospect
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[ Abstract | At present, our world has entered an aging society, with more and more people suffering
from various diseases, but the limited medical resources are difficult to meet the medical needs of today’ s
society. Artificial intelligence has been used in medical care in the early stage, including medical information
consultation and electronic medical records, and in the later stage, it is applied into intelligent diagnosis of
skin cancer and pulmonary nodule based on medical imaging and pathological data. Such researches and
products concerning artificial intelligence have developed rapidly, and can save medical resources and reduce
medical burden. This paper analyzes the research and application of artificial intelligence in medical image
processing in recent years, in the aspects of intelligent segmentation, intelligent diagnosis and intelligent
prognostic assessment. Moreover, this article discusses the research progress and prospects of medical artificial
intelligence, and provides references for future research in order to accelerate the digitization of medical
resources, save medical costs, and improve medical efficiency.

[ Key words | artificial intelligence; medical image segmentation; intelligent diagnosis; intelligent

prognostic assessment

Support by the General Program of National Natural Science Foundation of China (31971113) , the Project of Basic Research and Frontier Exploration of Chongqing
(estc2018jeyjAX0537) , and the Outstanding Young Elite Project of Chongging ( CQYC201905037). Corresponding author: WU Yi, E-mail: wuyl979@ tmmu.

[BETE] EKAKEFEIESE EIH (31971113) ; P MTF I 5 1 HHR R0 H (este2018jeyjAX0537) ; T Ik i 364 75 4F 2 A A9
(CQYC201905037)

EEIEE] S, W, SO, WL B0 0, 6 22 BT AR P DI 2 o R T DT RO B 2 S B K S R AR TR A
BRI 10 90, 6045 5 T F 0 TR | 50K AR RR I 4 3 0 TR R A T L 1 900, 3 TR R
AR 1, SRR A | B A OB L AR LA — R SO K SCLIE I 19 B, EEM I RFE S
BRI 5P A R RIBEIC. B-mail: wuy1979@ tmmu. edu. cn

1000-5404/ Copyright © 2021, FFZEZERE K2 (4 =ZEERY) . XS TFRBCI %G CC BY 14-7] P (https://creativecommons. org/ licenses/by/4.0/)



1708 B =FPR R, 2021,43(18)

http : //aammt. tmmu. edu. cn

edu. cn

HIES 1895 4E K M X & LKk, B KR E &
BTSN 1) B 2L R 2 A A T B, s, 1
BUWTJZ S48 (CT) B R R (MRT) i 7 25 B2 2 ]
GAER PRI Wi B R R . SR, R Y
= 2% R T 2 e R 15 A FSARRH B8 A A6 TR AR 22 1sf [
K AT IR R b, OF HR T Re 2 R R A N E M
B s o7 B AR, S BRI AT IZ I RS 5
R, PRI, m 25 R0 Ak R RE A B B AR e ok i
PRAX AN [0, $i v B B2 RO, D R AR AR 12 T
MRS B

AN T.% g (artificial intelligence , Al) 2158 . JF &
FHFRALL AEAR A e AR RE A B 7 % BOR K
N R G — 1 THORR 2 i w48 o LR
REIMARERNEAR, M4E 2017 4F e AR
=] [ 55 Bt B A i KR — AR R R & SR AR ) , N T3
AEC 2Ry F P 1) H B Joe g g 1w, AR 3R
BATAARA BRI, AR A TR 7 T 1R
Ji& , N TR BEHORAE B2 SR A AR 2 8 e kit g
JeHAA B A I 2 PR AR 4 B T R 3 A
CT MRI F A G sk 3 B R 51 L A s =
Ye A = ekl , LS BB RE 12 W TS
VA o AR TP I T RS B B2 2 R 40 31 F =4
A P R REIZ R B PR AL = AR AL
B AR B G AL 3R A I ST JRE , I X 4 S5 Y B
N LB REMBTSE 7 i A7 R 2

1 AIEgHEIEFZEGSE

M MR\ CT P 25 2 o 2 1) B2 o R 45 b, 3T
REAS RIS B FI AL Y — 424 B2 AR 252 1R 1R
TR B (EAR B BV M L P o A Y = T 25 A 2
] 405 2%, SEBUXT A ROAR AL , O R 3 S 0L o ofe
BB 5 8. B S W AR IR 7 5 58, Wt A5 1)
P PG BN = 4 A EOR , FRAT kb S I AR 45 4
1 =4ERCT AR . R B2 RN 7 15 = 4E R 5

HOE AR N T AT, AP AR AR SEB 32 W 22
(AR OO RIR A 4 48 5 AR AN (), 5 B0y 1) 5
IR ZE) AFBRL

NI REROR B RN T B B B RA R
AR TR SRS, FHANEL, ] 2 3 T IR =~ B B B 22
W 245 A BT8R 2 IR i e 20 KA ] ek b 32
WA 22 , AT LAKE B2 Az A% DA LG 5 51 P A i HE R
T JUAE—SERI YR B o 0 225 i 3 P b 2 1) 2% 5 7
ATECHE AT DAAE R 2 R bR — A ZR A2 h 1K 2 AR

PR AP HCR . BT SOR S LLAET) 5 2018 AE4
FRTR 5 5 B 1 452 M 2% ( H-DenseUNet ) 72 JHT I 23 %1 J7 THi
WAS T AR R AR ROR AR G b A e 1 (] B 3 51 JHF I A
TR, [6]4F, ZHAO 26 BF 5 1A Al b 4 42 45
FHMZ 2% (fully convolutional neural networks, FCNN)
M A-bEMLY (conditional random fields, CRF) £ /83
Ge—HEZE TR T — P i R R o3 0 5 2%, 3R T
FAT SN 23 [a] — SO R B4 19 7 B 45 R, 2019 4
ELPG PG 06 K2 1 ARAUJO 255 53 25 41 i 43 1) 08
JE 2 2T BRI AR M~ 3 A 158 T2 FE A 53 1 1
R O0 T HERR 25 5 1 40 ) IR E AR (5, T2 T T
Pap MK 3088035, e A 9 D7 ks AT A s, i ELAS:
UKS T B2 AN 25 32 1 4 i R HAth 15 e W) A7 A8 1 5 T
2020 4F AR BTS2 XUE 45 78 s R 4 1o 1 FE ]
WG T A — b e TR B 2 2] 1) I 28 A 7 1)
Ji s, i@t Dice W & H 3l T 3l 43 # 45 R Z [6] 1)
B, UEBHZ I 2 T L h o i O i s A% i g o
HEAT RN 735, By (0. 96£0. 03) , K S hy
(0.99+0.000 2), Dice {5}y (0. 85+0. 080) , 74y |
PN AL INSE RN | EDNITE TR DN
2 TRERRF 2Bt DABIRL 487 F 2020 45 F A
) BE O AL B = EAE (L3) Rl 80 1 62 Y
ZRFINLPA-Hi i 231 W 28 o Hois IR CT K& |,
SCMT L3 YT EANL, HAF iR 2512 (0. 87+2. 54) , 5¢
BT B RS IIL BN IR HER NN D5 4H UL A T Ais
L2 B 8l 53], HoF-Y Jaccard 1354 97% 98% |
97% 83% , AL AN HI M 25 R RE R B 5 1 A = b
BER 4 A 3 B AR S o A T g . 2021 4 b E L
KR — PR e 22 BRI YANG 251 gt 1 45 A
22 2%, H1F 40 %) MR ST LA 4548, DLARTH LA
TENRGE R LU, T2 VS T A RBEAG , i
JERSERUAE LS TR AN RAE R 7 TR I R4 9 14
BAPEFNBURAE , JF i 5 3 A O RHE AR X e, UER] T
A AL F MRT EHR2 LS IR AN RE 7 A7 TRV
TENH o

2 NI ErEMB MR & REID BT

BE2A i 2 BT (83 B PP L SR T 56110
Ve 28 T B, ORI, 12 A o 18~ 5 0 ) M f ik 15 o 2
BRI b 22 3 i R A 2 0 P AR Y 15 57 JRL A
X PR, AT BE A Bhopoi B RE1Z W R
FEFIOCHE , ANUAT DL i 0 B 27 PRI AR A A 0 R0 3R A
KT IE , I 2 WL IR 2205 R (9 1), 418 g 12 2R 12 Wk



http : //aammt. tmmu. edu. cn

=R R EAAR,2021,43(18) 1709

BE 5 B AR B AR X b2 2 RGBS, IR BB HS Byl
27 R P oz b DX L L 2 B e R AR A v 0 B R O A
WK, 37 TRFSY 32 B A4 B 2 L L B
SRS RS o S Py 9 g TS AN [ PN R e
PR I W T A 5 E R

HLYE 2017 4R AR K2 BFE & B 2
G5 T —A> Al L2 W IR R B0 IR B R R TR i 2 )
B A AT LA IX A R 5 RN g A R
Yk P AR TG , 35 RE VAR TR ) H S B 0, R 2 Y
B LIS TR 5 AP b 28 190 24 7 I 38 I 6 32k )
TREWIKo N TR REM B R 2 KO 4k B
TR RBREE A IKE B EAS AR, A 2%
ZWIEE RS Bl £ mT DAk iz IRRH B A 12 4 e 3]
LB 2 A, SEIAR A 1 B s TS 6T

N2 R B 8 (R ) RS W T 35 0k 2o
T, R R TE B AR R A KA R
A AR 4 o T3 Iy SR ST ARG, R Sy BT 51
ST R 25 1 6 T S B TR IR IR T R
T [l e T B PG . 2019 4F ZHAO 41
R T I AR B 2 M2 Y 3 Fh ok 40
16 B — B fig S E 1 4 BB 22 ) % (convolutional
neural networks, CNN) 2244, 55 i AN [R] %) CNN 4 Z2F0
AT R 230, % CT (&5 L 1 0 B4t il 45 4
F7432 , B 5 E W T A% 2% o) I RUR i 1. BONAVITA
AR 3D AR 2 I % VT Al Al 4% 5 R R O
B AR B [ 3l fk B s 0 3 1) BA S A A R o
PR T M BTN R . 94, 25 48 v B K2
FEE2E L WANG 25\ IR i 2 o) Bk s 255
W 9 ) K50 B A ) By R L i B AR )
B IRBEAE 5 LA AT 5524 5T e RS 2 )RR R i
2 RS XL TR P2 S 3 AR P S S8R

It Ok A BT 52 14 2 32, N\ T8 B AR A8 T
WTRIA YT 75 T Bt ke 22 . CHOT 45 ) ]
KA 7461 il F KR CT BMGEIESE, TR T —1
FHT R HFEF A HEAT 20 1 9 CNN AL M B A Tk
SR A D I T - I /N ARG L 5 BRI 2T 4 {4
SRS LR A A28 b7, SIE N T R T LASEIRZE CT
B 15 b e 0 Mo 12 W7 BT £F 2 1k 9F X 5 R AT 4 .
YASAKA 25 i 5k B 460 4] 35 BOJFIE CT BRI
251y CNN BRI AU P e 568 5902 TR v 282 B0 11 46 126 10
BWHERE . NAYAK 250 JF 5 T R i 5 TR 2
5B UE = 2 43 B A0 BT 20 B % ( hepatocellular
carcinoma, HCC) Kl 2 45, HI 4 T 4k Fl HCC
F118 Wi 2y 2K, S B B iF . HAMM 2600 fifi 1] 434 4]
HCC 3% 15 MRI {8 T — 4> CNN 432285 6 4

S i LA TR RS O 1 U 8 AT IS 402
WA R R - R 90% , 5 Sk Ry 98% ,
ALY E] 2 5. 6 ms, X LEHFFLERR WA
TR BRI 2 >0 A N R RS AR e R R S TR
BV T, LA FCRE LLAS IS 4 7 X8 4 3 e TR AR R
BRI IR R AS D00 XU 43 R s =
VNG I IV e b v, 5 ) 401 240 O 7 48 1 g POk R
22 RE DINANL 250703 0 A T8 BB 4412 Wi IR
5 PE G 5 JITF G 750 IR 434 ke 7 2, )TN 8%
B T LA 25 YR A AT P 0 T e S0 27 £ XU
B RE ST, B LB T ME S 12 07 9T B0t AT 41 41
L LTRG24k

AN, N TR BEAE B DI R 2 W bt Ay — s
IO FHE . 2019 4 35 [ A 357 HEL 4R 2 I 2 g WA B
SMeE SHKOLYAR %' 3 5 P57 B N T2 R P i)
TR IBE 2 =0 B T 4 308 14 5 I 5 A6 i, T D ke 3 i o
{9 2 (R VS RGBT 25 AR e Ak R B e o
(T AR ERALR . 2020 457 [ 3 P K 2 2 2 Pl
R BIA RS T WOERL 451" 23 F1) N T8 RE TR )%
2 5 B AL S5 1 20 G 252 e R e a8 28 20 A L
P2 W R 2R VE I D 2 T30 250, % B2 Wil R B
U B TR L 58, W T RE T Wi =
ZE VI IR T A TRRAE , A T Rl S OO R R
(RIS T FITIG R B

3 NI EstEsARmI TR

M 5t 8 AN AR T, 4R B9 B R LT
i JEA TS B SRR , BB VA YT RN, TR
PR IOTIUS , AT LS B 15 A 0 0 3 6 3 4538 1R VA YT 7
2, 07 A BIFTEAE AT R TR, 35k 2 [ A LB 5 0 56
L IR) RS, 2018 4R 7 il T SO 2 T R S 0
CHAN 25053 5t [8] B PR AIF 5%, 43 B 3903 il 3332 T A
DIBR 4  IT0  £0 2 Ml T SRR T
TN 5 55 HCC [ 52 R R , A8 2530 32 B iE
WeE W3S T I BREF S, e 1A 5 A i P RE A5 A 11
TR0 R DR, , ot 3 s I i 5 LD % S el B v
SR IR A M. B LRI R R, 184
SLAENRIS I S TS LA TNAYT 4 7 T A
AR 2 k> o it R R R 2 o — B IS ik
SIRH XU 45205 2019 4R [0 P40 47 T 2 3L 495 15
JFFE T ARG 10 B 35 R B Y 255 S IR A 2 R )
iR R/ NIV A 25 ) 5 iR Tl L 5 F A 6, 2%
B 23545 K HUAE I R 51 RS 1R 20 2 R I ) A
AL BERS A RTT HCC {45 A0 KUK, 7] X g 3%
RIGE K S A AE AT IEAL o 2020 47 9N H il K24 45



1710 B =FPR R, 2021,43(18)

http : //aammt. tmmu. edu. cn

— B E R AR LIU 2512 35 2008-2016 4F3t 419
5] KB 35 (B 4 S 4000 ml RN AR R UDBR B3 B T I
XF LU HGSR | N N TR RE S AR 2 AR Tt St
TH AT AR DIBR P TC Ik B A A7, 45 R R 5 FIRE
25 ) (R AG AL 2 AR TR AT DL SR TG i A A7 30 ) AR i o
AR TR0, TT AR R T O T A e R A Y e
Yy e . AN, LA 5 A A F1) FH 3 T
N TR BG4 2 J7 VR A6 8 7 1 52 Hh v L 44
i35 B R 2L BB AL ST 8 ZE 1 SN, HAEAS [ B 4R
R R AN d ] W, AR A
FISAR A 2= B 35, mT LB R B b X e o R A IR T
SO T A0S PEAL . 2021 4F 32 [ A AR Je I B
SHAR 2 I 2 I WO B Bk JIN 250003 3 224 45 IR
BE2E )T, 7o R RATY B sh 228405 8, e 2 )
BT 5 B B0 B 58 4 G2 0 T RETE , #E
160 1A 141 {51 825 19 2 ot B ik 345 19 52 i3 1T
VEHFAE i1 26T T A2 (area under curve, AUC) 435135 3|
0.95 F1 0. 92, 454 MJag M IE AR IC Y5 , 1A 70 1 F3 0
F B — 2P AR B4 i, X U9 AT T e R T SO
I PEAG AN M0, IFA AT Re AR AR B 4R 5 o

4 RE

AR BEE AL SRR REAL AR , B AR i
FERZER VA 26V, N TR R AE R 22 E 7 fn
FHAZ HEN TR GEC AR AT ST B 28 Ko
A T AR PE X T LA [ A1 B2 N T BE AT TS AL
P 3HT, BTy, B2 e i) N T e B = = ]
BAEBTT R gT Al 12 R AT LU P ILAJT I
4.1 EFHEAmE QR ka2

NIIE 5 S5 AR R AR 5 S R HESRBOR IR T
NIRESHE R TR e 53350, it H RS54 = 28 B A
YA SRR IR AT 4 R A
BIR A 35, EHR S B e BB 2 W BUR DA A
J7 DR L A, (H 2 53 B 2 6 9% B2 2R KR B B ) A
Wi o DG, s 2 N TR Bk s TR, R ok
F T EIRERC 22 R OB T B 2R A 2 0
AT L

FUAI, 2 AN TR RERY IR B 7 ) Rk W T =7
SEBEIEMR I CT MR 7 A B2 R B 0 AT o
— AR B B i — S By — e vER LR S L
A AR S/ i B H BT A B R LR A R
RHEAT TR 7 > Sk SR N 2, B A AR RN L/
B HF iR B LA FROIRAR R LR R H AR
WFFEAE e 938 45 5 WA 22 SO IR B R 2, 1)
FORIT TS 22 1) 3 £ TR~ T 9T LA 5 LA 22 9

(S TR PR IR AR A JiE , n R e A8 L T R A R
o BRI, X F— S8 AR SRR A ZE A4 AN K
ANTGE B (8 PR BE 27 > SEAE AT 2380, B 19 e 3% A
DXy S SR R T RE 2 BEIE &, IR H A IR
JEoE I Bk R 2 Ja T 5 ), o R AR RS AR T
PEAT YNGR, b I A5 5 A B 45 1) 2 RORHE T B
A AR P, A HR BRI A 381 R i 454, A
TRRE T RIS ROCR 2 BT, A HRME L AE R P 01 A 45
Hy, NTRBERERCR B2 X, Hit, A EAL
B REHEAT PR B o RIS Ve 50 19 70 FI 454
A5 3 PR AR, (HLRE A N TR RE T 12 AR AN B BT
AR A T YRR B2 BB A B MERS A B 215 2]
ik o
4.2 AN ReEE B R IRY BT

PR TR IR UEIZ W AS HETR T 1 K8 ML e 2
WIFFE DR 2 W SR 22 S FEIS I S35 R 7 B AR XS
Bz AR, N\ T B B P 12 B G 18 B g ek A
TG 732 012, Bl IR 2 2ok B AR
I Bl o TEIZWTRCR b, N T RETE S Le P
fzi PR 2 1A, CATElR R EIT IR
A, Bt | B2 IR | LR R 55 J LIS AR A2 W L A Job
T, O HINGRAE AR 2 T LT 8Ll Heftb e
o AN B AR R L S | L R BRI WAL Tk
JEB B, RN EVGEAARAE LS A2 0%
B, X — T A ARSI o I8 —LE AR R
PN BRE EC IS PSR | B S VB 1))
ARAE AR T A X —E o B TEA T 4RSI

N RERH BB 12 W R A7 F) S 3 P A
RITERFE AR 55 TR BN B A5 00, I AR IR IS (5
MR B MR JEC R 1) s £ R1I2 W v, ek P D 4 B A A6
TIAEAE AR AR iR i R B AN AT R,
BRI R, TEAE T TR A PR o e 2R FE s e, T
ARV B AR B B AN [RI R A 1 U i 2 B ) et
HEAS—HE, W2R R B — KRB i) , A A4
PR BE R , 8 2 B S A I B RS R, AN RS R RE 12 T
HABEHE PR AR o P, N TR RER B2 Wit 5,
1] R RO RO IR R AT BRG], R 2855 )8
Z DR R M O BRI TR A RE S R ad
Atk

N TR RESWIBIA B BRI T AR R 20w
HURLER AR AEABTTR PO 2 W BB SR A R, A
RESEMER AL ML 7 ) BRAE 2 W B B, HEAT R BE 12
Wt , TS BB R RT HEI2 W o inig BB I5 A= 12 Wi b
Ta, ST AR A% A% 0 SR G R S Jo v, P25 S A
JR S5 5 A2 A, 73 S0 B IR BEBAR B8 55 19 R/ L 5L



http : //aammt. tmmu. edu. cn

=R R EAAR,2021,43(18) 1711

U T3 2] RO UEA TS RS R R AE L E L
P RE R B ) A e A, S BUAR 2 I
4.3 ANLIg e B R R TRE PR AE

N REA BB TUS PEAS , T A Il PR 15 A= A1
A& 5 & SN IS i i e s | LI T e Ol
M7 i, K B RE UG PPAG SRS, AT 3505 IXURS:
PEAGBIEFE AN TR BT LSRG B AL T XU R A
VR, 33X — 0 A BIF 32 0 A 15 A R 2~ 52 5 T 119
Hd, FUBIFEE Ry, B A U e T H AT T Rk
HBIZ Wi o

PRI UG VAl BEAS B ) 44 A S F T, TR AR 2
456 I PR R A= 1 SR HE A2 Wi A, Ee it a8 £
REFUG DA, A P F2 2R LS 1Y R/ AL A 5
Mok — P2 PR LA R R R U A 2R S
Z A AL SC R A B A 25 R XA RELLE
PLai=F > AR A O IR Z R

SNV INRR )iy SRV S a i )
BURERZAF TS 0 AR, AR BR o R R I SR
o BERA N TR BEM AL T 55 A TR BERHL, AR
#{A B DIRERIRE ST , V398 5 2N T REBCA YA W
e m ot , LU HSC ANV RESCI . Wi, fi T
PR DR DR 2RO R B A A ORI E R 1 i A AR
ZEFR, BT LIS I 2 N TR R il 1 2R AR 7, B AR
FUBCRZ H77 ™ 48 FEHS AR 2, AT A
AR AR R . R, B2 N TR RE R BIFSE
TR BT — Bl , il — N R AT
At R, BRSNS GREEREA T, SE AL
N TR RERTAP R B Rt , AR5 B ) I i T 4
IR, FH R ILE B B 2R 2 D B R
SRER 0 N TR BB R A T4 5835 , AR I PR AT X
B P A 2RI s RIITHR AR08 35 I R AR 1) L i
b ARET R 2L, SR TRz AL RE S A
e, LLFE iz W A0 IS DAL RS BE v , R ARER12
A2 E AP A ke St P T o 1< S

Peos N TR BERHNE Sk, 3] mi A0 5 B
PRop PN T REA A, B B3 a2t , I ARK R 2 1)
IO AR BTk

SE -

[1] WANG G, LIW, ZULUAGA M A, et al. Interactive medical
image segmentation using deep learning with image-specific
fine tuning[ J ]. TEEE Trans Med Imaging, 2018, 37(7):
1562-1573. DOI. 10. 1109/tmi. 2018. 2791721.

[2] WANG G , ZULUAGA M A |, LI W, et al. DeeplGeoS: A

deep interactive geodesic framework for medical image seg-

mentation[ J |. IEEE Trans Pattern Anal Mach Intell, 2019 ,
41 (7). 1559 - 1572. DOI. 10. 1109/TPAMI. 2018.
2840695.

[3] LI X, CHEN H, QI X, et al. H-DenseUNet; hybrid densely
connected UNet for liver and tumor segmentation from CT vol-
umes[ J]. IEEE Trans Med Imaging, 2018, 37(12) ; 2663—
2674. DOI: 10. 1109/tmi. 2018. 2845918.

[4] ZHAO X, WU Y, SONG G, et al. A deep learning model in-
tegrating FCNNs and CRFs for brain tumor segmentation|[ J].
Med Image Anal, 2018, 43. 98-111. DOI. 10. 1016/].
media. 2017. 10. 002.

[5] ARAUJOF H D, SILVA R RV, USHIZIMA D M , et al.
Deep learning for cell image segmentation and ranking[ ] ].
Comput Med Imaging Graph, 2019, 72. 13-21. DOI. 10.
1016/j. compmedimag. 2019. 01. 003.

[6] XUE J, WANG B, MING Y, et al. Deep learning-based de-
tection and segmentation-assisted management of brain metas-
tases[ J]. Neuro-Oncol, 2020, 22(4) . 505-514. DOI: 10.
1093/ neuonc/noz234.

[7] DABIRI S, POPURI K, MA C, et al. Deep learning method
for localization and segmentation of abdominal CT[J]. Com-
put Med Imaging Graph, 2020, 85. 101776. DOI. 10. 1016/
j. compmedimag. 2020. 101776.

[8] YANG M, ZHENG Y M, XIE Z Y, et al. A deep learning
model for diagnosing dystrophinopathies on thigh muscle MRI
images[ J ]. BMC Neurol, 2021, 21(1): 13. DOI; 10.
1186/512883-020-02036-0.

[9] ESTEVA A, KUPREL B, NOVOA R A, et al. Dermatolo-
gist-level classification of skin cancer with deep neural net-
works[ J]. Nature, 2017, 542(7639) . 115-118. DOI. 10.
1038/ nature21056.

[10] ZHAO X, QI S, ZHANG B, et al. Deep CNN models for
pulmonary nodule classification: Model modification, model
integration, and transfer learning[ J]. J Xray Sci Technol,
2019, 27(4) . 615-629. DOI. 10.3233/xst-180490.

[11] BONAVITA I, RAFAEL-PALOU X, CERESA M, et al.
Integration of convolutional neural networks for pulmonary
nodule malignancy assessment in a lung cancer classification
pipeline[ J]. Comput Methods Programs Biomed, 2020,
185. 105172. DOI. 10. 1016/j. cmpb. 2019. 105172.

[12] WANG S D, YANG D M, RONG R C, et al. Artificial in-
telligence in lung cancer pathology image analysis [ J].
Cancers, 2019, 11 (11). 1673. DOI. 10. 3390/canc-
ers11111673.

[13] CHOI K J, JANG J K, LEE S S, et al. Development and
validation of a deep learning system for staging liver fibrosis
by using contrast agent-enhanced CT images in the liver[ J].
Radiology, 2018, 289(3) . 688-697. DOI. 10. 1148/radi-
ol. 2018180763.



1712

5 SRR REEAR,2021,43(18)

http : //aammt. tmmu. edu. cn

[14]

[15]

[16]

[17]

[18]

[19]

[20]

YASAKA K, AKAI H, ABE O, et al. Deep learning with
convolutional neural network for differentiation of liver mas-
ses at dynamic contrast-enhanced CT; a preliminary study
[J]. Radiology, 2018, 286 (3). 887 —-896. DOI. 10.
1148/radiol. 2017170706.

NAYAK A, BAIDYA KAYAL E, ARYA M, et al. Comput-
er-aided diagnosis of cirrhosis and hepatocellular carcinoma
using multi-phase abdomen CT[J]. Int J Comput Assist Ra-
diol Surg, 2019, 14 (8). 1341-1352. DOI. 10. 1007/
s11548-019-01991-5.

HAMM C A, WANG C J, SAVIC L J, et al. Deep learning
for liver tumor diagnosis part 1. development of a convolu-
tional neural network classifier for multi-phasic MRI[ J].
Eur Radiol, 2019, 29(7) . 3338-3347. DOI. 10. 1007/
s00330-019-06205-9.

DINANI A M , KOWDLEY K V, NOUREDDIN M. Applica-
tion of artificial intelligence for diagnosis and risk stratifica-
tion in NAFLD and NASH- the state of the art[ J]. Hepatol-
ogy, 2021 Apr 30. DOI; 10. 1002/hep. 31869. [ Online a-
head of print].

SHKOLYAR E, JIA X, CHANG T C, et al. Augmented
bladder tumor detection using deep learning[ J]. Eur Urol,
2019, 76(6) . 714-718. DOI. 10. 1016/]j. eururo. 2019.
08. 032.

WOERL A C, ECKSTEIN M, GEIGER J, et al. Deep
learning predicts molecular subtype of muscle-invasive blad-
der cancer from conventional histopathological slides [ J].
Eur Urol, 2020, 78(2) : 256-264. DOI. 10. 1016/j. euru-
ro. 2020. 04. 023.

CHAN A W H, ZHONG ] H, BERHANE S, et al. Devel-
opment of pre and post-operative models to predict early re-

currence of hepatocellular carcinoma after surgical resection

[21]

[22]

(23]

[24]

(25]

[26]

[J]. J Hepatol, 2018, 69 (6): 1284-1293. DOI. 10.
1016/]. jhep. 2018. 08. 027.
LIU Z, MENG X, ZHANG H, et al. Predicting distant me-
tastasis and chemotherapy benefit in locally advanced rectal
cancer[ J]. Nat Commun, 2020, 11(1) . 4308. DOI. 10.
1038/s41467-020-18162-9.
ZHANG S, SONG G, ZANG Y, et al. Non-invasive ra-
diomics approach potentially predicts non-functioning pituita-
ry adenomas subtypes before surgery [ J]. Eur Radiol,
2018, 28(9): 3692-3701. DOI. 10. 1007/s00330-017-
5180-6.
XU X, ZHANG H L, LIU Q P, et al. Radiomic analysis of
contrast-enhanced CT predicts microvascular invasion and
outcome in hepatocellular carcinomal J]. J Hepatol, 2019,
70(6) : 1133-1144. DOI: 10. 1016/j. jhep. 2019. 02. 023.
LIU F, LIU D, WANG K, et al. Deep learning radiomics
based on contrast-enhanced ultrasound might optimize cura-
tive treatments for very-early or early-stage hepatocellular
carcinoma patients[ J]. Liver Cancer, 2020, 9(4) . 397-
413. DOI: 10. 1159/000505694.
LIU D, LIU F, XIE X Y, et al. Accurate prediction of re-
sponses to transarterial chemoembolization for patients with
hepatocellular carcinoma by using artificial intelligence in
contrast-enhanced ultrasound [ J]. Eur Radiol, 2020, 30
(4): 2365-2376. DOI. 10. 1007/s00330-019-06553-6.
JIN C, YU H, KE J, et al. Predicting treatment response
from longitudinal images using multi-task deep learning[ J].
Nat Commun, 2021, 12 (1). 1851. DOI. 10. 1038/
s41467-021-22188-y.

(I #5:2021-06-24 ;48 = : 2021-07-11)

(%4 I 1)





