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[ Abstract] With the advent of the era of big data, artificial intelligence (AI) has emerged and
rapidly developed in the field of medicine. The application of Al has huge potential in achieving
prompt and accurate analysis of tumor information aggregation. Moreover, Al can reflect the
distribution of imaging data in the real environment by using key technologies, such as automatic
image segmentation and extraction. Accordingly, tumor diagnosis can change from subjective
perception into objective science. Therefore, Al can assist doctors in efficiently and accurately
diagnosing the presence of tumors and providing a solid foundation for the formulation of an
appropriate diagnosis plan and informed judgment of the prognosis. This paper reviews the key Al
technologies and their current applications in tumor diagnosis.

[ Key words ]  Artificial intelligence; Machine learning; Deep learning; Convolutional neural
network; Tumor diagnosis

Fund programs: National Key Research and Development Program (2016YFC0104303);
Shanghai Talent Development Fund (2017103)

DOI: 10.3760/cma.j.issn.1673—4114.2020.01.004

PRV 28 RN LRI, TGk S R A5 St 1) 23 A
T REN AT LI AT 11 AR 2H i B £ i
Frop ) Bedfe g, Al b TR X — ), (AR 2

N TR RERWITE 1956 4 B # AR R 5
ey BRI, IR TR LA
TR RBAER SR . IAER, N TR BEEESS TR

SIS T AR R, FEMREISWT i
WAFR TR AR . JRAEAE N —Fh H RAERF AL
AR, SHFTAL R RS S EAR A,
LW SIRIFICh E A, BB, AERYIZ I 2K
T BRI AR A AR AR B BR i 5, 1

W WU 1 B R 3oh, N TRREAT
TEHRAENE 7 . S AR EMH R E R INZ S
W2 AR AN [ SR HESSE IR T, AR
SIFAT AR S IR A DGR B s, N TR g
A RUHEE R -5 R AR S A s A TS e i, P


mailto:yufei021@sina.com
http://dx.doi.org/10.3760/cma.j.issn.1673-4114.2020.01.004
mailto:yufei021@sina.com
http://dx.doi.org/10.3760/cma.j.issn.1673-4114.2020.01.004

12 FE PR R A E S 20204E 1 A% 44 B35 1] Int J Radiat Med Nucl Med, January 2020, Vol.44, No.l

B BRI 8T e TAE o ARSCEZEM AT LA 5 T
PR R T BEFH T B 12 W8 B i

1 HFE3 REFISAIERHXE

NI RERETHENIR: . Geitae . s
it ol 2 fh Rl HITRL Ay A
JEnE, DM AZRSCERS] . AL, MRk
FLZFIRe. N TRREL I | A, dlas
E MR E W 4B B, LA T M
#% (artificial neural network, ANN). 2 fFn] @ #L
( support vector machine, SVM) f £ R 28 W] 2%
(convolutional neural network, CNN) M3, AT
BRERLFEILAR =, B DL ae s > I i —
A BLEs ] SR - ZEBURTE 1959 4E4E
FRSR N TR — 8™, HAaHmira
VAN EE h: > A HE S iRt g AR 1) 7
B, BT EEEIRY . Hlase 454G
THAPURIFNG R, B AR b (4 2 Wy p 22 )
S5 M (ANNAR R E549) W, HEAG 34 A Y
2 R AZAE A, AR R RZE R
)2, AR SRR 2 . 7ELAS ¥~
o, BREESE IR ARG A 2 PR B 2 Fg i
MPERE, CHCNERAFTRINHEARZ —. Z ANN
AFTHR—-RER, HEARENRSE, XM
LRIRPEERYRRIED . TERTRIRBERY ANN Hr, CNN &2
2RSS A TR R, TR RIR =
PEE L&, T REAE SR EUZ FREAE B 5 23 (0 77
e, 24 A m ) BUR ] S A BN, b
TRFAIE AR ORI A3 2 0 R v A2 AR ) BN T X — M
B, X EHR A PRI

2 AT EHEERTIEISETHRXERA

2.1 A Gy

PG 735 RIR I R R B B BERHAE . SO AEAN
SRS PG IR A A A BRI XS, 7y
) 14 R T T A W 1Y SR B O
B JTAER, T ANN fEfERE RS, RIS
R P AN ST IRl LA, LAEA ) g 14
By F AR Tz N Y F . Havaei
SEUT AR R T — e T R 2 ) 245 114 i R 1 50
Sy, AT RLR AR B MRI S5 A 4 Ry ek
IR P Bl A DR e Al b L AN 32 ik — 7]

L, SR, FHET CNN WL # y A 2R mE
FEfifi 25 ] HAHARGRACT , B, Shelhamer 551
4B AL 22 M 2% (fully convolutional networks,
FCN) LSk iX S fn) fil . Ji o E 2R /2&, FCN Ali#
1t SEI MBS R BN 1) 73 2 i e — L1 L A
TE B 5 ) Bk . HAT, FCN B W Tk 8
L MY 25 A e R L, TR
Af, 7E FCN B9 3ERE FI Bl T K BG4 E Bk,
41 U-Net, SegNet il RefineNet 55, Meng %% #2
TR MR A R X 2%, TR AL B R AT S
Pt Bt 2 S FUG AL EE, SElR T e G 4 E ok
FEBT LAY B ry sl o BRI KRS 735
Ik, AR T MR EG N E, AR —2
2 SR
2.2 MR IEHGAHIE S

EUGAFAESRBOR TR, F5 G 8k
TE A DU 3R A BB N 25 RO AR 4E R B it
WIXHEARRHE . KEEE T SRS R AN 25 (1]
KRGFRHERFRI, MM RRARRREZS [RI4E 5, 2B
ISR 2 A . ARG BRSO o T
TEBCIHEERL,  F TSR] B 2 R o5 i i [R5 L
HZIEA . BRI BT SERHE, FRaliiEeE B2
&g, =g —mbniE, FdEiE, BT
TREE 24 2T 19 H SR > 24512 A [ kAl
ML A Bh2: 2 BUG BIRRE,, HXHGZRRE T4 A,
T BB I 52 1 v S AR i LA S 30 B8 4 1 M 3%
IS R FRRIER H bR . Wang 517 $2H T —FP R Ry
A 22 3Rk TR 2 W, HE5 8T
CNN ARV T T3 HRR-E OB . B sy
), ShEA R F TRE R HEBH L, 1t
RAERR T, I HRRE DR R, IR
AT DAL B N B e S R iE ik, 38
I —E WAL BN S AL PR, R st S
Yiififl . Ciresan %" I CNNs B8, {15541 A
Bl 2 FURPEIR R ERRE T UCUE B RS AT A
TFBiHR-E, P MRE A g4 mtes>,
SRR Rk TR . IR, RS
AT TR 24K, Xu " BF5E T IRTFIRIE R
0 SRRSO 7, FRUERH A SRR 2T A
TAHEFREGR T
2.3 IR BRI R

SEGFRHESEEERL, BURFAIE B FEIT



FE PR B ER 2 2020 4E 1 A4 44 %455 1 Int J Radiat Med Nucl Med, January 2020, Vol.44, No.l 13

FRIEZS I RE A FEA T ik 22—, HLREAE 25 e Ay
kR ARG B AR s/ INVRAIE 546 o BERIARSC
Ay B2 (least absolute shrinkage and selection
operator, LASSO) FIAf B HE T ok 5 b 351k 26w
SRS T bR R R AR e £ . Zhang 252 A
F LASSO B AT RHIERERE, LIARR AR 772
ST It 40 R R AR A R ) S 52 T
Chen 2P FESCHLR MU HEAL |, BXA T HER 25 AH
KIEVE . LASSO 595 bk B 4 T SRR S 05 9047
SAEZERE, JFLAZRAEFGN T A SVM Bk i vy A
B, TSI IR 7

3 ATEHEMIRRRN A

3.1 A2

FIHN TR AN A F 5 HLUZ T Y
FRIE, AT SCEURE o ROR TS W . A e 43
I e BT R BT A A e [ 40 22 S T 3
PSR B, N TR RERY B REA Rl
seffox —m ., Har, ANTRRECEmME . 5 KW
I8 ML SF 2 R I b T TSk, Horh it
TR WA TR S . Pan 265 R IR E 2% 2T 1Y
HZh 6801, B UK iR MRI R S 45 A
HEHL, L2 MRI ZEECSEAE, TOiR TH
532 A TR E M R E AR A B i, T
HEATIFR 320G BeAh, P ESis T
FZRINZRP AT, 23T CNN 3458 —
Y6 7 F O RRE, FTOF T L R 77, Tian S5
DL MRI SR SORAFE ST T SVM 432588, A
FERE A TS 0, T SCARE T TR R A
SRR RS R T RIS AR, A
Bl T A [v) 85 2 1) JGE Jo 93 F8 38 i e DR R 3R . it
Kutlu F1 Avei®™ F|FH CNN BOSFIESEECRE ) . B
N AR H (discrete wavelet transform, DWT) {55
Ak P fg J7 A B 12 12 (long short-term memory
networks, LSTM) WM& 54r25he 01, i T —Fhoxt
i B8 MRI 8 304773 2K #4975 1 ——CNN-DWT-
LSTM., S{&4eH k IE4BRIE LI K SVM 43 K5
A, CNN-DWT-LSTM /R T 5 i ) 43 2K fig
73, HXS BRI 2R T 32 B TER S TT 3k 98.6%. Itk
Hh, NTAREWH T ARBH B2 W, Huang 5527
NEE BT TE K CT F B BUSUR R R AE
FIH LASSO S35 S BB e 4E | IR e £ MU

SERHIEREE, IR AS R logistic [B1H M A EE 15
UL I N R e N 77y N RO R N NI SR E R E =
3.2 MR RO

N T fig ] s R Bl B s A7 R ik
TPV, A DA ZL B E . Nie 409 BEHL 48 fil
HeZ B A R, R TUT2 BU% . %
BOMAY MR FIZNZ5H458 MRI A%, $25 T 103
AEARFHE, IR R LN A BRI bR
T PESE 4 R N o R AT RV IRE ST o FIIFH ANN J5
PSR | SR A A ) I A X AN [R] g i 17 4 a0
1028, IR RE TARRRIE I 2 MR v gE
HENT T HAB G ARG b EAT B s RO R A AR, S
BT B s BT T R 1 RS HETEA o
3.3 e T S

AN TR REA T T B R, Jf HE e L F
Fifrgeg S B PRI FH o Song 257 S 3 /N4 i i e
TRIT TR B SR EE . TR SR EA TR IR £
B, FFFIFH LASSO-Cox #4432 WL 1] 3357 Jo itk g
AR TR AR | SZERE 3 B A KN T2 Rk e
F14) GG U M S0 3 T 3R 7 JC s R AR A I R A T A
HEFHI . AN, Huang %125 MGG 700 B 1) 0 ik
W1 CT BUR R BUIUR S 8 2445 1E , 2R LASSO
IR AL TRCR R 4 | R IE RO R 1R
TEMEE . A £ 738 B logistic [817 434 2 7 T 4
R, 220 K-M AEfRi R, F T W2 i AR s =)
T K Bt AbEERS . Xu 25PN SE it Cox Ho o XU AR
RIZE G I MV RRIERERE , SIS MR s R0 0 DX 4
SEREIE, MBI TS AR PiAn Y, S5
W13 X 388 PET/CT SR 53 B A7 By T 00000 S5 Al A8
HTCHE A, IR AL G A T PR R 4t
THNFEAE R

g T, AN TR REE xR A A T
I 1Y, % W [ wegne O | RRR T E SN NS 9
PLESE Al L, 9l D BRI R 320K 2 BT 12
JPiR2E, RS B R N B 35 UL TS S 2 UK
W, 1eAh, AT BT LI LIEHER AT 2R R ER S
BN ZER I RE AR, db—2 i g
W R R . B, —SeiEh o os
THAEEEHENTTAE, (A TR Bk bk
. BB AR L SFH LB, fE L
PP AL R R A 08T, N T ARty SR A1
HEA— g 2= B B4



14

A3z

[ B R A R 2 el

2020 4F 1 A4 44 555 11

Int J Radiat Med Nucl Med, January 2020, Vol.44, No.l

AW E AV EE R LT ST IS TP, A At

(ERIERUIEN
EERBAER KEERSHERE; B BRSO
BB RTCR TR I e ORI R

(1]

[2]

(3]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

2 % X ™

Bi WL, Hosny A, Schabath MB, et al. Artificial intelligence in
cancer imaging: Clinical challenges and applications[J]. CA
Cancer J Clin, 2019, 69(2): 127-157. DOI: 10.3322/caac.21552.

Samuel AL. Some studies in machine learning using the game of
checkers[J]. IBM J Res Dev, 2000, 44(1/2): 206—226. DOI:
10.1147/rd.441.0206.

Lee JG, Jun S, Cho YW, et al. Deep Learning in Medical
Imaging: General Overview[J]. Korean J Radiol, 2017, 18(4):
570-584. DOI: 10.3348/kjr.2017.18.4.570.

King BF Jr. Editorial:
Intelligence[J]. AJR Am J Roentgenol, 2017, 209(6): 1189~
1190. DOIL: 10.2214/AJR.17.19178.

Erickson BJ, Korfiatis P, Akkus Z, et al. Machine Learning for
Medical Imaging[J]. Radiographics, 2017, 37(2): 505-515.
DOI: 10.1148/rg.2017160130.

Chen LY, Shen CY, Zhou ZG, et al. Automatic PET cervical

Guest Discovery and Artificial

tumor segmentation by combining deep learning and anatomic
prior[J]. Phys Med Biol, 2019, 64(8): 085019. DOI: 10.1088/
1361-6560/ab0b64.

Hekler A, Utikal JS, Enk AH,
classification of histopathological melanoma images with deep
neural networks[J]. Eur J Cancer, 2019, 115: 79-83. DOI:
10.1016/j.jca.2019.04.021.

Prasanna P, Karnawat A, Ismail M, et al. Radiomics-based

et al. Pathologist-level

convolutional neural network for brain tumor segmentation on
multiparametric magnetic resonance imaging[J]. J Med Imaging
(Bellingham), 2019, 6(2): 024005. DOI: 10.1117/1.jmi.6.2.
024005.

Shi LM, Zhang Y, Nie K, et al. Machine learning for prediction
of chemoradiation therapy response in rectal cancer using
pre-treatment and mid-radiation multi-parametric MRI[J]. Magn
ResonImaging,2019,61:33—40.DOI: 10.1016/j.mri.2019.05.003.
Zheng LF, Yu KY, Cai SS, et al. Lung cancer diagnosis with
quantitative DIC microscopy and a deep convolutional neural
network[J/OL]. Biomed Opt Express, 2019, 10(5): 2446—
2456[2019-11-18]. https://www.osapublishing.org/boe/abstract.
cfm?uri=boe-10-5-2446. DOI: 10.1364/boe.10.002446.

Havaei M, Davy A, Warde-Farley D, et al. Brain tumor
segmentation with Deep Neural Networks[J]. Med Image Anal,
2017, 35: 18-31. DOI: 10.1016/j.media.2016.05.004.

Shelhamer E, Long J, Darrell T. Fully Convolutional Networks
for Semantic Segmentation[J]. IEEE Trans Pattern Anal Mach
Intell, 2017, 39(4): 640—651. DOI: 10.1109/tpami.2016.2572683.
Rodner E, Bocklitz T, von Eggeling F, et al. Fully convolutional

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

networks in multimodal nonlinear microscopy images for
automated detection of head and neck carcinoma: Pilot study [J].
Head Neck, 2019, 41(1): 116—121. DOI: 10.1002/hed.25489.
Tahmasebi N, Boulanger P, Noga M, et al. A Fully
Convolutional Deep Neural Network for Lung Tumor Boundary
Tracking in MRI[C]//Proceedings of the 2018 40th Annual
International Conference of the IEEE Engineering in Medicine
and Biology Society. Honolulu: IEEE, 2018: 5906—5909. DOI:
10.1109/embc.2018.8513607.

Jian JM, Xiong F, Xia W, et al. Fully convolutional networks
(FCNs)-based segmentation method for colorectal tumors on T2-
weighted magnetic resonance images [J]. Australas Phys Eng Sci
Med, 2018, 41(2): 393-401. DOI: 10.1007/313246—018—0636—9.
Meng Z, Fan ZY, Zhao ZC, et al. ENS-Unet: End-to-End Noise
Suppression U-Net for Brain Tumor Segmentation[C]/
Proceedings of the 2018 40th Annual International Conference
of the IEEE Engineering in Medicine and Biology Society.
Honolulu: IEEE, 2018: 5886—5889. DOI: 10.1109/embc.2018.
8513676.

Wang HB, Cruz-Roa A, Basavanhally A, et al. Mitosis detection
in breast cancer pathology images by combining handcrafted and
convolutional neural network features[J]. J Med Imaging
(Bellingham), 2014, 1(3): 034003. DOI: 10.1117/1.jmi.1.3.03
4003.

Ciresan DC, Giusti A, Gambardella LM, et al. Mitosis Detection
in Breast Cancer Histology Images with Deep Neural
Networks[C]//Proceedings of the 16th International Conference
on Medical
Intervention. Nagoya: Springer, 2013: 411-418. DOI: 10.1007/
978-3-642-40763—-5_51.

Xu Y, Mo T, Feng QW, et al. Deep Learning of Feature

Image Computing and Computer-Assisted

Representation with Multiple Instance Learning for Medical
Image Analysis[C]//Proceedings of 2014 IEEE International
Conference on Acoustics, Speech and Signal Processing.
Florence: IEEE, 2014: 1626—1630. DOI: 10.1109/ICASSP.2014.
6853873.

Zhang PP, Feng ZY, Cai W, et al. T2-Weighted Image-Based
Radiomics Signature for Discriminating Between Seminomas
and Nonseminoma[J/OL]. Front Oncol, 2019, 9: 1330[2019-11-
18]. https://www.frontiersin.org/articles/10.3389/fonc.2019.
01330/full. DOI: 10.3389/fonc.2019.01330.

Chen CY, Guo XY, Wang J, et al. The Diagnostic Value of
Radiomics-Based Machine Learning in Predicting the Grade of
Meningiomas Resonance
Imaging: A Preliminary Study[J/OL]. Front Oncol, 2019, 9:
1338[2019-11-18]. https://www.frontiersin.org/articles/10.3389/
fonc.2019.01338/full. DOI: 10.3389/fonc.2019.01338.

Pan YH, Huang WM, Lin ZP, et al. Brain tumor grading based

Using Conventional Magnetic

on Neural Networks and Convolutional Neural Networks[C]//

Proceedings of the 2015 37th Annual International Conference


http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
http://dx.doi.org/10.1364/boe.10.002446
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1109/ICASSP.2014.6853873
http://dx.doi.org/10.1109/ICASSP.2014.6853873
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
http://dx.doi.org/10.3389/fonc.2019.01330
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
http://dx.doi.org/10.3389/fonc.2019.01338
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
http://dx.doi.org/10.1364/boe.10.002446
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1109/ICASSP.2014.6853873
http://dx.doi.org/10.1109/ICASSP.2014.6853873
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
http://dx.doi.org/10.3389/fonc.2019.01330
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
http://dx.doi.org/10.3389/fonc.2019.01338
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
http://dx.doi.org/10.1364/boe.10.002446
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1109/ICASSP.2014.6853873
http://dx.doi.org/10.1109/ICASSP.2014.6853873
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
http://dx.doi.org/10.3389/fonc.2019.01330
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
http://dx.doi.org/10.3389/fonc.2019.01338
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.3322/caac.21552
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.1147/rd.441.0206
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.3348/kjr.2017.18.4.570
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.2214/AJR.17.19178
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1148/rg.2017160130
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1088/%3Clinebreak/%3E1361-6560/ab0b64
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1016/j.ejca.2019.04.021
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1117/1.jmi.6.2.%3Clinebreak/%3E024005
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
http://dx.doi.org/10.1016/j.mri.2019.05.003%3Clinebreak/%3E
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
https://www.osapublishing.org/boe/abstract.cfm?uri=boe-10-5-2446
http://dx.doi.org/10.1364/boe.10.002446
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1016/j.media.2016.05.004
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1109/tpami.2016.2572683%3Clinebreak/%3E
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1002/hed.25489
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1109/embc.2018.8513607
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1007/s13246-018-0636-9%3Clinebreak/%3E
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1109/embc.2018.8513676
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1117/1.jmi.1.3.03%3Clinebreak/%3E4003
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1007/978-3-642-40763-5_51
http://dx.doi.org/10.1109/ICASSP.2014.6853873
http://dx.doi.org/10.1109/ICASSP.2014.6853873
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01330/full
http://dx.doi.org/10.3389/fonc.2019.01330
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01338/full
http://dx.doi.org/10.3389/fonc.2019.01338

[E PR B 2R 2R 2020 4F 1 ASE 44 55 1)

Int J Radiat Med Nucl Med, January 2020, Vol.44, No.l

15

of the IEEE Engineering in Medicine and Biology Society.

Milan: IEEE, 2015: 699-702. DOI: 10.1109/embc.2015.7318458.
[23] Tian Q, Yan LF, Zhang X, et al. Radiomics strategy for glioma
grading using texture features from multiparametric MRI[J]. J
Magn Reson Imaging, 2018, 48(6): 1518—1528. DOI: 10.1002/
jmri.26010.
[24] Kutlu H, Avci E. A Novel Method for Classifying Liver and
Brain Tumors Using Convolutional Neural Networks, Discrete
Wavelet Transform and Long Short-Term Memory Networks
[J/OL]. Sensors (Basel), 2019, 19(9): 1992[2019-11-18]. https:/
www.mdpi.com/1424-8220/19/9/1992. DOI: 10.3390/s19091992.
[25] Huang YQ, Liang CH, He L, et al. Development and Validation
of a Radiomics Nomogram for Preoperative Prediction of Lymph
Node Metastasis in Colorectal Cancer[J]. J Clin Oncol, 2016,

34(18): 2157-2164. DOI: 10.1200/JC0O.2015.65.9128.

S

e R e e e e e e e e e e e S e e

[26] Nie K, Shi LM, Chen Q, et al. Rectal Cancer: Assessment of
Neoadjuvant Chemoradiation Outcome based on Radiomics of
Multiparametric MRI[J]. Clin Cancer Res, 2016, 22(21):
5256—5264. DOI: 10.1158/1078-0432.CCR—15-2997.

Song JD, Shi JY, Dong D, et al. A New Approach to Predict
Progression-free Survival in Stage IV EGFR-mutant NSCLC
Patients with EGFR-TKI Therapy[J]. Clin Cancer Res, 2018,
24(15): 3583-3592. DOI: 10.1158/1078—0432.CCR—17-2507.

[27]

[28] Xu H, Lv W, Feng H, et al. Subregional Radiomics Analysis of
PET/CT Imaging with Intratumor Partitioning: Application to
Prognosis for Nasopharyngeal Carcinoma[J/OL]. Mol Imaging
Biol, 2019[2019-11-18]. https:/link.springer.com/content/pdf/10.
1007%2Fs11307-019-01439-x.pdf. DOI: 10.1007/s11307-019—
01439—x.

(Wi Hi: 2019-11-18)

e R R e e e e e e e e e e e e e e

(B EEZERXLRE) FANEREZRSHRRAE

B 18 %z ERR Bk NgF FAR AR KARF

BoYmiE OBRRE

Blatkis % W 24 F 5 Fu# Fow 3 B 4T % & EFEF X K
AE

wEER (SE%H. %)
RORE(£H) B BRXH Kok B OE RKRF EFA OERFE £ T
o B HER JHBER BRA F OB HEH M B Wiha AR
wOM O OB O£ B ART WK ZRA FELE F OB F F T4
FEE F K FHE FEHR F FIA FLW FHM R OB ks
e WEE EE 3 & AXE NEE AR SEE 3P4 L)
SRk BRAEMK kB ok &R(ER) & Y GRS REWA O RVH LT
¥ & EL#M E k(BXR) IA#A I A EH#M(ER) I # IEF
I F EAN X 4 ITH EpE Ex4 IHRE 2 & E2EE XEF
HEA thaxw b % st i BRE(PEEE) WmBEA= #H E
WmER BMIEER B & WP TR TR FRE F A K E RHY
kAT R REX REL B OFE ORRE RN KKk AEHE AT
FlFH RME KRR kA4 AKF  Hiroshi Toyama( B &)
Hongming Zhuang( % &)  Li shuren( L3uH4])

BIRE Sz Fwa % B GEE B OB ERE R £ NEF ¥ £ FIA
BOR OBFRE O om A4 om A B F B MER OMZF RER % O
E o o4& o8 &k & FEA FEE FEE 5 OW R B HRE K
XK XNEFHE OABR S OF OKAL FAF L B B4 Bt KXF
AkfE LA REI FAE I o EwmA L O¥E IpF I OB ETH
IxA EIHE RFER XHZ X & A M4 & R GBUF K M BERR
wmERE AR FHEE THEMB & I EEh EEAE F R RAR
ket Raeh KRILE KWL KEIE R HFH AKELE ASHL RAEE REA
B AR G AvEL AR

(VA Bzt KXGE 35 HE5)


http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1109/embc.2015.7318458
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
http://dx.doi.org/10.1002/%3Clinebreak/%3Ejmri.26010
https://www.mdpi.com/1424-8220/19/9/1992
https://www.mdpi.com/1424-8220/19/9/1992
http://dx.doi.org/10.3390/s19091992
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1200/JCO.2015.65.9128
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-15-2997
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
http://dx.doi.org/10.1158/1078-0432.CCR-17-2507
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11307-019-01439-x.pdf
http://dx.doi.org/10.1007/s11307-019-01439-x
http://dx.doi.org/10.1007/s11307-019-01439-x

