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[ Abstract ] Precision medicine, imaging first. Radiomics, a method of machine learning in artificial intelligence, pro-

vides valuable diagnostic, prognostic or predictive information through quantitative analysis on the tumor’s region of interest to

support personalized clinical decisions and improve individualized treatment, which could lay a solid foundation for achieving the

precision medicine. This review provides a latest advance of the radiomic application of the precision medicine for lung cancer.

[ Keywords ] Lung neoplasms; Radiomics; Precision medicine

it g St A o AR 2B MR R IR 2 —, FLSAE BAEAE
FA10%-15%, 1Eif J= ARl B e . ik, K
IR IR R IR R B A — B SR E bR RHEIZ IR LZ A
K2 RT3 . REERA YT o BRI EIZI TR R, BEXT
AL AT I3 TRV 3 BT R [ ARIRY Y. B, 2158
SOT o 2 W SR T ST B, I ELRE RS TG
7 AR SATARIBY T AR | T S8 BURS 2 A ik 4 5 1
HTF B LOEE BT L SR o 44
2 (radiomics) fE A N THVBE (artificial intelligence, AI) H1
Bl T — P o SE X — HART T 1 IR AL,
ERG TEFEARE L. goite  Mlas 500k, R
Fe B R SR IO, X BRI A T B b, SRR AL
HUR P AR A 4 SR LA, i — B4 T 1%
AR BRI, SR T A MLWT)Z 334 (computed
tomography, CT) | #4344 (magnetic resonance imaging,
MRI) M EH 7K S22 BA% (positron emission
tomography/CT, PET/CT ) S5 Fl (G K A (5 AR 42k
e, R R UEIZIO TERE 10T AYIE B A SO SRk 2R
AL RS S RN T IR T ke

YEHPANL: 200433 [, T2 22 R KA MR KRR e i 1% 2 2 R GE TR

VE#: %, E-mail: laijjiangtaotao@163.com ) D D D

1 FREFHIPIE

AR IR AR E o LA 2 DO IE S &

K, EROAAIE AT —FIIE . ARG SRR R E RS
FRAE, AT LASR AR i B2 L TR AR R/ AR R LA R 5
FEAEAE . AR S (WIMRI, CT, PET, %) 0]
VER AR A7 AR B St ™ N SEAR B 1R 4R B
PRI LR AR, T i e AR e85 TPk Hh )
R LE HA TN T E A RIE B B T8 W BAR N S R R4

(radiomic signature) ”[Z]D A, % HF B FEAVE R 28
TR AL AR AR IR ISR X EA 7 i, MK
1A LA A 1912 W, SR s {5 B E =R
RN HIX S5 B PORTT RS W . B s 5 AR 41
SR, PSRN PR B I PR DR SR AT SGE MR AR Y 7k

F.
2 MAREFHTE

SAR A I )5 2 A S DR RAE
5 i CT, MRIFIPET/CTAERZAR A 7 2Ok A T IR
(R CTRBARALFEIITT PR 2 ARG

D@Iﬁﬁ% SEAE X EOGER X HR ALY 73 1, TR AR

www.lungca.org



* 386 o ] il 2 5 20194F 6 H 5522 %% 6] Chin ] Lung Cancer, June 2019, Vol.22, No.6

PR b/ B DI, AT X X — 4 DX 33
EARHERF AL HAT, PG =R 7k, BT 0
RS ERE R A8y R OFEMRRFERIAIR AL
K EI BIROVS, Sl LLBES 7t i R 41k A 42
3T, SR RAE AT LASR TR ARFRAE . — B 5 18
FHIE O E 7 RIS E . 30— SE AR ICT R E [ 1R
AR A AR CINPETHEISUVE ) KURAGE T2
BB HE A 73 T FNRL G RAE s @FFIEZESE: FRAE
S FH— PSR B PR AR AL 55 00 A BRI, BT PR AS
AUE EFF 5 95 AR A T A R P AR S P i R — A
OIFRE, LR XS B BEA T s (DR SRR SR
I E R R TN 25 R AR 2 R AR T R — OB Y
e — BT AR R, LA X E A 026

3 RGBFAERMREEHISTT RN A

24, SR T IR A I f o3 2 A AR
WFFEIAS TR HED, AT IR -0 B B il i
Wr, SRS W BT SRR TR I K BUS VAL S 2
ANJTE. HE, SARH s R I R e 26
)z, HIEREZ MRS L, bk N i (non-
small cell lung cancer, NSCLC) [ 5A1% 22058 i IR A o
3.1 JME 0] R o S SR ARG T T SR IR R
MIFER o 75— TR TPET/CT IR 1122 5INSCLCH # 5
B A2EWFFE, Flechsighe i i 1 )y R, R B
WA PO CT R EE(E L A 45 W] B, HMEASE
5285 (P<0.05) , iZWT5E M, X TFDGHRUBAI 2 1)
i 8, B R R AT g — MR AU B T RG]
S, I HAT LSO Al ik T 25 534 . 20184 /1) —
ISR, AR LA Oy v R TT LA SR A TR 1 3
9, o nT LAYRE A b T g 0 B, RS SR R AS TS T 4R
HEREED, BT T I C TR AR 2R AE, e
AESRIBCRTAEAR, S B2 7 AN B X0 s . St i A
KA, 1T ELERETRII 25 F RS I AL FE RS TS B
3.2 JHEPA ARAE201SRR LS 1142 2021 (World Health
Organization, WHO) il 2 e, b R SRR i e s B
Sy BART oy R Mg | i . AR N T IR | AN g L Rt
P AF10FP S AY, Forpwy DL 23U 32 S i . SRR AR 4 i
Jiio Ferreira-Junior % STl CTIEME ISR 412 HFAE,
RIZIT ARGy Wi . a8 R0 AR o N S 2 AN i
AUCTT 5 R0.71H10.81, FRBIFAAR L7 7 ILAE i 41

T |-, —Ti20184F 5 FNSCLCHAR 42 i ot ' 01, i
12 LASSO Logistic[nl -5 5 37 (AR 412 b 25 A AR 1
DX s A s , VI ZRBE il iE 22 U AUCA3 31 A0.90S Fll
0.893, IHAl, YuanZ5 437 1431461 it i i £ I C TR,
A A 5% 42 RV B S3Mr e e X0 J 933 A [ 18 AR
HRIRELAE, R BREEAR 217 BE % FH T X A 7 B | fli=ied
JUR AR R P g , S EL P00 M %5 51 80.5% , BB /= T
WA 2

3.3 JHiEISWT FEM LI T I, ATBEoT i SR 4
TR RS A, X R eIl g T U T R4S, HBUS T
BAERECR . BT, 525 5 T S i 45 5 = r v
TR AT 1576.109%"; Herb, — 50 ) S93 3l ii #85 C T 11 1% 42
BSOS AR AR 7430, R BZ 2 27 5 AR R
YINZRAE X il 62 W HE R 2R 1] 1586.0%, 1T 56 UE AR HER 5 h
76.196 . 20174F f— 1P E B SO 4G 1B AR B A T
K, FT AR AR S BN AR AR, &Il 25
ARSI L P T v B Ry 77.85% , Th X T4 (91l
I~ S R P B T A 23 A 75,169, SR 4k, — 1 56T
K FGR S C Ty 2 Wi i A 58 R ISR 4 2l
ATt ) R B AGE , X Fon O e 4 A R AL,
FEAT R — Ak 988 2 FEE PR RS

3.4 BRI —ELk, B EREREIZWINSCLCI 4R
W, MR dl2Fm o Jof . &5 M RER 7 ik, Beig R
PR O] DA, DT 5 07 Tl i 265 312
(7 e Horp, AertsZ5 VR BUL T CTHIRE IS5 412 5
Laws-Energy 5% [ 4= KK F3Z{A (epidermal growth factor
receptor, EGFR) 5875 RUAT F G, vl I A 43R 14
TSN R 2 11 55— 0 55 B GEROFH 56 14 it 98 A5 9% 38 14
W3Sl /5 EGFRAS SR NI T 255 CTIEMG R}, KIHBA
Y2AHHE AT B X SP EGFREF A BUFNEGFRZSAE Y | % A5 Al
AIAUC=0.69"" S 4, YHERIX o S DR 750l ol AORS v
R E AR R 20174F, — @ ik N T8 BETR T
T EEHIESE, R A Sh LA Ao R AR ST BE X 43
il 98 S DR R R AR 42 b8, L SRR A FE R A 4 2 7
SERAR AR B T AR 38 b (R R AR
K EAR) , RER R R b HINTEGFRINZEARIRAS, ML,
N AR A 2E AT AT R R A 2 AR, HH
A, T MBI

3.5 JAIT TR TEIRIT T R L, OhriZ! 201
HEE N ZHOEET R R T HLASSORE P24
AR, NGLCMI T3 H ) — N SO PRARAE (Sumy,,,) 1

LS RS R B AR T T ENSCLﬁE@ﬁ%ﬁ jﬁk%ﬁ?ﬁ%ﬁjﬁ?)ﬂﬂ% SRR, AR AR

www.lungca.org



rp [ il g 2k di20194FE 6 H 2224 5 6] Chin J Lung Cancer, June 2019, Vol.22, No.6

* 387

(metabolic tumor volume, MTV') [ERAEAE 2~93.3 cm®, [fAH
XL Sumy,, [H 90.018, M AE M T VAN Sum,,, /b,
BE LR AR R AR, I RIROR 22 0k, sy
R — I TR YT BT MR-DW LEHG i Ay 7 IRy 7 ROR
O P AR 2H 25 53 B 45 R R W AR A AR X S R T
A RN U AR e 80, IR R T=600
s/mm’, 800 s/mm’F11,000 s/mm’ JAUCE R LG T+ &
S, IR BIAR 20T LATEVR YT R0t s Ay 7 197
B, HIRTT T R PR R
3.6 AN FEMIERRY T R I b, ARIEAYT RIS AT
FEZ BRI CT AR A2 R L2 AL, SRR U AT LT
flize i A2 (—FHEGFRMS 2 BRIEEEN IR ) 07 e
TR, H AR Z AR A R AR R A 2
F 5t CRHAEAAUCH0.74-091) P, JHEAh, Fave i3 Xt if
ST IRINSCLCHSEAR A AR ME A T 00T, I i SR 4
SRPIE T AT SUALEAF | A RS AR, JT HAR 224
AESE IR RO O R R A
3.7 WUSIEAG ZEFUS PPAL 5T, — OG5 -
FACTAR I TCHR AAF- B AR A F 58 3R B, LT hg o
CTHYUERE | SR — M LS C TR — x4~ 4
SRR PIT TR LAY SR 2H 2 AR 51 4 X R85 o A= A7 0 1
W3 AT AL G PR S B B AR T 53—
A A HIPEI (free breathing, FB) P58 5% (average
intensity projection, AIP) CTEEI?%EH% E‘J%ﬁf%éﬂ%ﬁﬂ:%k
B, AIPZ 7% it SR 20 A A AL TE FHUI G Ak % 7% AT oAt
AT AR, XAT RE S ATP IR i 60 &5 A5 189 S A E 1) 14
TIHCST (stereotactic body radiation therapy, SBRT ) V& ¥ -4
NSCLCHEBIE LA IEAF, Lynch G RN
BRI A B ST HOR A X R . K BB
FES R D K SBE A ) AR R, XoF I s iR R A Ak
130028, AR R, WINEBE i dF B JE B E AR
B, B AR TR R REE 158 AL ( gradient boosting machine,
GBM) , 1] SZHF AL (SVM) Sk — A= i b it i
B, X —Z R R I S B 2 S B AT L R Ak il s £
B HAEAF ]

4 FBEFHIBER
ARG A AW TEB AR 2, IR IBURFIE S 2

BT e A S, A DR RM H AT B 4l
JIrE Sy B BB R iR AN . Ao B TRAR A R

PF43 (radiomics quality score, RQS) &,ﬂ\:ﬁ:ﬁ[m ,ﬁﬁﬁﬁ]

Rrr Al 2 BTG A LS RS S TR RIS LA 5T
RQSHRIEXS AR T F8 A7 5 TR e SR A T 4 TRTRI Y
PEASFIAT I, IR A 22, AT e PO A 750 1452 1
P

AR RIRAAGACH1), TE R BRAIE R
B AR A WA . HAT, V2R A2
REJZ/NREA RIS, REAS A L BT /N
B 22 [ RS TR T A 5 39 e BE UL RO XUBR:, [R5
B ARIBTFAEAR Z AP

oo, BE AT E A PR n] E AR AR AR L
PRI A A AR 2R AR RE I, e a3
BT HEA TR AR, HEBON ) R R RR A 2R
ATIFFE I, FEAH SRS 0 BRI A 31530 T 3K
AR AR T A (— B 8-09) .

FOR, TR S ORI S AR5 Th, BRI A
7 (R R AN TR PR REL G, R 22 ST T ARt i aod 2 b il e
I 5 4 B e 3 9 — AR A B ORI AR 7 3%, (EL K ol
Jr AN BB, i BAEGEH- S 8 2 5
11, RZBEB AW TOFBAA RS BB 53 52
SR, MR E AR E A i

i, AR AN B . RZ BB A2 Y
PG 2 N Z A FERLAL Y 2 R4 7 S8 5ok AL A R
PRI . B YO 5 Bl 1 S8 7 5 S A Bk
PRIEA A AR i AR 28 S B2, TR Z R WSS
AN SR BN AR A AT IR S e 4 — I %%, IF
FEIRRQSHRIE ML, IR R IE I

s FRAFHIRE

BRI TR B, BIRTEIRRBR 2T

F7 R K B PG AR S T LR, (HOR AR
FHIRA— LR RFIARL , AR AT R A
U5, FFHAEVFZIGOL MUGRGEH 2 225, ANES
WERAYRE SR B RS 2T r R B 5, R
PAHAR AR | T8 | sk o A a0h BERTRY T FIRE IR XURSE: 2500 A
VAL B PR BE T— RGBT A 7 ik RSk, MV AR E R
JEAR PG P S B S AR L R A A ST B e , R AT
Pt — RS PR AL T R By, DI A 5 BRI
FrI RS — 2

s % XM

1 Constanzo J, Wei L, Tseng HH, et al. Radiomics in precision medicine for

HRERN

www.lungca.org



* 388

10

11

12

13

o [ il 24 75201946 F 45 22 4 5

6] Chin J Lung Cancer, June 2019, Vol.22, No.6

lung cancer. Transl Lung Cancer Res, 2017, 6(6): 635-647. doi: 10.21037/
tler.2017.09.07

ShiZ, LiJ, BianY, et al. The study progress of the radiomics in the clinical
precision medicine, Zhonghua Fang She Xue Za Zhi, 2018, 52(10):
801-804. [S25K, i, Az, . SR AFA AN ARGS9 TE ik
Ji&. thAET SRRk, 2018, 52(10): 801-804.]

Parekh V, Jacobs MA. Radiomics: a new application from established
techniques. Expert Rev Precis Med Drug Dev, 2016, 1(2): 207-226. doi:
10.1080/23808993.2016.1164013

Gillies RJ, Kinahan PE, Hricak H. Radiomics: Images are more than
pictures, they are data. Radiology, 2016, 278(2): 563-577. doi: 10.1148/
radiol.2015151169

ShiZ, Liu Q. The study and challenge of radiomic techonlogy and method.
Fang She Xue ShiJian, 2018, 33(6): 633-636. [ 5K, IR} 3R 4H2FH AR
T7 i BT T KB T 25k, 2018, 33(6): 633-636.]

Flechsig P, Frank P, Kratochwil C, et al. Radiomic analysis using density
threshold for FDG-PET/CT-based N-staging in lung cancer patients. Mol
Imaging Biol, 2017, 19(2): 315-322. d0i:10.1007/s11307-016-0996-z
Ferreira Junior JR, Koenigkam-Santos M, Cipriano FEG, et al. Radiomics-
based features for pattern recognition of lung cancer histopathology
and metastases. Comput Methods Programs Biomed, 2018, 159: 23-30.
doi:10.1016/j.cmpb.2018.02.015

Zhu X, Dong D, Chen Z, et al. Radiomic signature as a diagnostic factor for
histologic subtype classification of non-small cell lung cancer. Eur Radiol,
2018,28(7): 2772-2778. doi: 10.1007/s00330-017-5221-1

Yuan M, Zhang YD, Pu XH, et al. Comparison of a radiomic biomarker
with volumetric analysis for decoding tumour phenotypes of lung
adenocarcinoma with different disease-specific survival. Eur Radiol, 2017,
27(11): 4857-4865. doi:10.1007/s00330-017-4855-3

JunW, Xia L, DiD, et al. Prediction of malignant and benign of lung tumor
using a quantitative radiomic method. Conf Proc IEEE Eng Med Biol Soc,
2016,2016(10): 1272-1275. doi: 10.1109/EMBC.2016.7590938

Yang CR, Guo Y, Wang YY. Prediction of pulmonary nodule malignancy
based on radiomics. Zhong Liu Ying Xiang Xue, 2017, 26(2): 97-101. [{%
BRI, TRIRIE. FET R R E RIS 1 R R BE A0, ART s 1%
#,2017,26(2): 97-101.]

Hawkins S, Wang H, Liu Y, et al. Predicting malignant nodules from
screening CT scans. ] Thorac Oncol, 2016, 11(12): 2120-2128. doi:
10.1016/j.jtho.2016.07.002

Aerts HJ, Grossmann P, Tan Y, et al. Defining a radiomic response
phenotype: a pilot study using targeted therapy in NSCLC. Sci Rep, 2016,
6:33860. doi: 10.1038/srep33860

14

15

16

17

18

19

20

21

22

23

24

Hochhegger B, Zanon M, Altmayer S, et al. Advances in imaging and
automated quantification of malignant pulmonary diseases: a state-of-the-
art review. Lung, 2018, 196(6): 633-642. doi:10.1007/s00408-018-0156-0
Rios Velazquez E, Parmar C, Liu Y, et al. Somatic mutations drive distinct
imaging phenotypes in lung cancer. Cancer Res, 2017, 77(14): 3922-3930.
doi: 10.1158/0008-5472.CAN-17-0122
Ohri N, Duan F, Snyder BS, et al. Pretreatment *F-FDG PET textural
features in locally advanced non-small cell lung cancer: secondary analysis
of ACRIN 6668/RTOG 0235. ] Nucl Med, 2016, 57(6): 842-848. doi:
10.2967/jnumed.115.166934
Jiang JZ, Ding YY, LI ZH. DWI-based radiomics for predicting response
of lung cancer to chemotherapy: a pilot study. Fang She Xue Shi Jian, 2017,
32(12): 1221-1224. [FI5H, T 252, 2R, FETIHJTHTMR-DWI
SR LR TN W AT T RIS, 2017, 32(12):
1221-1224)]
Fave X, Zhang L, Yang J, et al. Delta-radiomics features for the prediction
of patient outcomes in non-small cell lung cancer. Sci Rep, 2017, 7(1): 588.
doi: 10.1038/541598-017-00665-z
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. ] Clin Oncol, 2016, 34(18): 2157-2164.
doi: 10.1200/JC0O.2015.65.9128
Huynh E, Coroller TP, Narayan V, et al. Associations of radiomic data
extracted from static and respiratory-gated CT scans with disease
recurrence in lung cancer patients treated with SBRT. PLoS One, 2017,
12(1): e0169172. doi: 10.1371/journal.pone.0169172
Lynch CM, Abdollahi B, Fuqua JD, et al. Prediction of lung cancer patient
survival via supervised machine learning classification techniques. Int J
Med Inform, 2017, 108: 1-8. d0i:10.1016/j.ijmedinf.2017.09.013
Lambin P, Leijenaar RTH, Deist TM, et al. Radiomics: the bridge between
medical imaging and personalized medicine. Nat Rev Clin Oncol, 2017,
14(12): 749-762. doi: 10.1038/nrclinonc.2017.141
Napel S, Giger M. Special section guest editorial: radiomics and imaging
genomics: quantitative imaging for precision medicine. ] Med Imaging
(Bellingham), 2015, 2(4): 041001. doi: 10.1117/1,JMI.2.4.041001
Hatt M, Tixier F, Pierce L, et al. Characterization of PET/CT images using
texture analysis: the past, the present, any future? Eur ] Nucl Med Mol
Imaging, 2017, 44: 151-165. doi: 10.1007/500259-016-3427-0

(k. 2018-12-26  f&[0]: 2019-02-20 %% 2019-03-20)
(RS T7H)

Cite this article as: Shi Z, Zhang XF, Jiang T. Study Progress of Radiomics in Precision Medicine for Lung Cancer. Zhongguo Fei

Ai Za Zhi, 2019, 22(6): 385-388. [ 17K, Tk, HiiG. 5
385-388.] doi: 10.3779/j.issn.1009-3419.2019.06.09

AR AR 2T P I T i

JE . I 24, 2019, 22(6):

000000
www.lungca.org





