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Abstract

As an emerging medical imaging analysis technology, radiomics has significantly improved the ac-
curacy and objectivity of pulmonary nodule diagnosis through high-throughput feature extraction
and artificial intelligence algorithms, becoming an important tool for early screening and diagnosis
of pulmonary nodules. As a core indicator for early screening of lung cancer, pulmonary nodules
provide accurate diagnosis that directly affects imaging clinical decision-making and patient prog-
nosis. Traditional imaging evaluations that rely on physician experience and invasive pathological
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biopsies have diagnostic efficacy bottlenecks. Imaging omics can improve the accuracy and visibility
of pulmonary nodule diagnosis by extracting imaging features of pulmonary nodules. This article re-
views the research progress of radiomics in the diagnosis of pulmonary nodules, including the diag-
nosis of benign, malignant, and invasive pulmonary nodules, the prediction of pulmonary nodules by
radiomics composite models, and explores the application prospects of enhanced CT radiomics.
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1. 51§

I A A 3R AR DL bR AR DG AE T SR I, R 3R e L RE SR, B AR G A AT T N B 4k
HIIE 40% [1]0 -3 & I GE Rifie ) T A/ B 22 e B 2, 4 [ iz 7 75 1038 (N ational Lung Screening Trial,
NLST)[J45 R 87, K% CT (low-dose computed tomography, LDCT)ffi £ 1] AR AT FE T3 20% [2].
BRI AU, R S E AR R T — M LDCT 5 5 ] B 30% 1) it SR T2 [3].

e 6 AR A R I IR 4 ikt BTSN, R FR I BRI BN T 3 JE K [ B [
TEgkE . g1 A mmiT R, EEGEAHIT 160 RIS EE IS 4], X RBHELTI &
B A5t o T 20 A e g %) T3 7 >k 1 22 0% L B

2. REMMERISH

55 R] 23 o R RO R, X REE T AR T R TG TS & A E . X T RYELTT, E
BORBUSLNG ;T T8, MR AT FARIRIT, IHaia BARTE DU LB AeyT(5]. Tfigh
THIRHEE R 2R, F—EEN CT BUE Lol ReFR B2 NAFERIMBIGLE T, XX B2 Wik i
i 1 A2 R g P th T B PR . AERSUHERRIT IR SR, N T RRARERYT SR BIR 2, A N R
SETHAT EABUN KL, XA B TR RIRIRIGTT, 10 RE AT 08 G DR 1k 5 Ao 125 171 3 i P R B V5
AEGEAEFH[6]. % T2 1 BA Ay RN AL T fetk, SRR IS5 T AR 2 W 2
T3 A2 2 TSI 96 AR o5 B8 VT TS B S ERAR (7] AR GRS T RSB ME S 1Y (0 77 OB T AL S U B 2 A
AR, ARTTX AR NME RIS R I AE AT 2 HET . 1985 T CT HRMIK R S f, Mg 15 iAs th
TR Z, 2 3%t 45 15 =2 LE A FEBIAT AR R I [8]

H 20 th4D 90 FARHILLK, 2 0t 51 3% L8 1455 CT (Contrast-Enhanced Computed Tomography, CECT)
FH3E5E MRI (Contrast-Enhanced MRI, CE-MRI). #)# CECT 1 CE-MRI LA 18F-FDGPET 5 PET/CT #iT
TS Ml 5 15 AR RCN 2R E . R8RS T 2 NTRE IR . A AN — T TS R AE R, B0
TG PRI AT BAL R, IR AT RN T s . X — AR R T E R, £
RN SR R EAIAT AT R 55 B EAEH . SRS BURKFE R AT AL AT A B, SR 2 RERS TR
TONFEE. M m H— SRR RHE, NIRRS WG TT R SRt 1 S RS K9]

3. P& REMRREMENTE
RUME R PSS /RS R SARHE LA — 2 A, T EAFHX 4y, ShASK LLAGR CT, T
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R 5Ft T = 4514 (Positron Emission Tomography, PET)FH S U 14 7 Er 751 ) B2 %+ & S T H SN LT 2 49 5 (Sin-
gle Photon Emission Computed Tomography, SPECT) 453481 . H T R B M5 15 2 B[ 10]. 2T CT ik
B RS ARE, IEETTTRI  A R =R EISRAL: (1) SRPESSTS, MEAERE WIS, HRr Rk
NSRS Nk (i) BRHEFELE Y, MRIREE T IN R IS SV, RIS it 552 5 S 30 3 A (1 AR 1
B0, ABIEA SR N RSOV R A s DLl EB AR SEPESETT, 1SR MAE T St S B R
FEPR IR AR 1]

MR & BAFAESNE RSy, BE BB G 19 TT ARG 20 43 4l B B B 225 15 RN 23 SEA 251 o 3X — 43 280 T4
il 2515 IR R 1R 8 VR IT SRS B OCE B, HRARIE, o) S5 1T (PSN) S i e (1) SRR R R, I
T A AR T 40 B e F 25 1T (GGN) RIS e 45 5 B v AEJWBRS% b, PSN I8 B UE SN B0 e P i
e (MIA)VFRIE IR (1A), X B IR Le 28 G S m B R A= 28t . fHELZ T, 4l GGN 7E/ 3
2 AIEAL IR (ALS), A B AT BEARIR E IR (MIA) [12]. X ERE 2L GGN FRBPERE B A X BAR,
IR M I XS N o ST PSN [P MERE BE AR 28 1 3 5, 380 S DO I S 5 71 SR U AR
HIETT SRS o REAE XS T2 R /KT 5 mm (1) PSN AR, FURVG T UM EE, DL — 0 RN
TR g 5 B A P AR {13 ]

4. WIGBENR

SUAR LS — AN B T, V0 RO B B R S i o 8 B RS BRI RE, XSRS
HABEARIRE A, B AR R AEDN G F BN LR E3H AT 0. BT AR SR T DA SR A
SRR AR E R, XTSRRI A UE B AT DO RS T . 2. BUE . BT RS
DD e 2B A SR A O vE A A AR RN A IRRIE [ 14] . UG AL 22 MOME & B -t Lambin 25 A$2H, B1E
MR 2 BUR PR B — RBIRHIE, RIS AL I BOR, MR A B ARRE, TR
FREHT BIR N IR R . AR EOR A 7 R A AR R R R PR, KR ER
FE TR EURTEIGIR I SE FMME . 2 fE — s BECR AR S TR EE . BB &) BURRFESREL. FegE
EREERE . BRI AR ISP ER(15]. E 0B R AR W % (00 CT. MRDZEEURAEL G U
FEHEAT TRALER I e 75 L 56 B BEMG EL 1 S 93 kk IX 38RO ARG HE 7081 o RFAE S X B iz F 4 5292 A ROIT
HEAIRBUE S FREORIR . ) SORRHEKBE AR FERE . /N SRR (R FE L7 ) SR
P 2% 21 A B A IR IR R, T2 i 4R AR B o B 5 a8 R AIE 37 126 (LAS SO BEATLAR AR A 4E 17 R(PCA)
THERTUAR, PREE A A5 BRI 75 o SRR IR R LS 5 ) HIR(SVML BEBLARAR) B B
2Pz, WA IR 2 H, @SLis W TS TN T RO B . AL S Im KBS AT 2
YEFEIRIE(ROC MZk. RAERNZR), FFVPAREAL I nT AR S G R S 77, T il Bh ok S 1A 5 e fk T - o
BN RE TR A G AR = R AR HE(BS]), MAG R S T EE . XM R AR E R
TET AL H R e S B ZH 23 1) 0T WARFAIE, I RE S B gl 23 0 A0 M RN 43— T 1tk AT 0T iy B A4 5
EAPNT

AR M TSI AR IR Z MG BT R ILH BRI ), SBEORREG 1 BT 5 T A 1) S ik
TB LS BUR SRR RS I 207 € BEARFE . B P79, RATREE IR ATR R I i A
YRR AN S P, HE s R R T SR D RER R IR Z RS R, RIEIRIZ WG ST $2 gt 3 R 41
FIRNEIILAAR[10]0 PAERAMRNAE B 5 20X 30 P A B 1 465 4 R n] e kAT BRI HE R () R A 1 EE 2,
% |28 Jie 434 (computed tomography, CT)& H Fifiti & 15 Jo G4 H AN PPAS i e (07 v, BAE 2kt 5 41 200
B TEEE — DR RIS W, H5E CT nl 3G R AR AL 5 IE W AR M EEZESS, St —Piaskifle].
H 20 tHh40 90 SEARHILAK, W2 W O 58 CT (CECT) VPG IS 1 il 45 15 (R JEO 2445 40, IRk
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BT ANBRIER. (FHZIA CE-CT VPG ZE T M55 43 A5 (5 Wegh 17 1) A8 A R ) Ut iE S Bh 1
3 I S5 AR A R TR X 0 S AT RS Y . BRSNS RS T L, SRS E R P
BRI A . Rk, RS T sRFE BE Sebr b b RS 17]. Ryt L3R, #8458 CT w LA
B0 b s it 1 5 LI I 2 2T LU R, A BT 5 0 RS H ATURRAIE AR P 11 36 2 7 0 i A
R AIRELE . BT A B A = AN —— M N IR, (HRRE R LG
B 5 R B IR B N I S AR LS P IV MBSO 25 v R B R FE A %IRRT CT RIS TBUHFHEE
AW R . & SSPN ) E ZAKHE[18].

5. 1858 CT & SHRE N IS TR FUNER

B CT HARMAWI KR, HEGHZ R PR CEER 7RG N &EE . XFEAEE CT B
RERE AR/~ AN IR 5, RN RN R, HRERE B InyE M i 2 il B e 45 4« o AR
P BL BB IRA [19] Albers S5 707 [2014E T — FhIE TAERR I AR B S0sE J7vE, 1E R X &
MRS, SEELT BRI MR RCR, XN DL E P s 4N B AR R A T AT AR (Al R
BRI, 75 5 /N E5 R FBE 2 (45 75 DLEE CT MR Ay il B, X5 TR 2 CT R E Mg 3t
FIERA BN BEFRM], ST 102 8] 73 HE R AMY Be 08 556 RO X 7 AR AL R, SEREHR it
ERHIERIA TS BE21]. BRI, CT AR MR — 0 s A8 A S AE NG R 12 WOoRIAR 78 Hh (R R SR T 58
B T, AT — SIS W I HER RV TT RO VTS o SR A H R RS = 3 A& 22 5245
HER UK B E BARHE, Gl H e S T B s IR TG B RS2 B R A Rt . AL
R, AR SR RTE X 5 Ml S A 2545 1 RO TR I AR SR i PR R, (R SR 7 B vp T
PREEAL, WEANT 3 & 4 BEORIIMIE M08 . sk AR 221 0F R T —M4& CT BB
YHEERFE 2 WA, TEIERAS R SEI T 0.85 [ AUC {E(95% B A5 X A4 0.78~0.91), ANid izt 3= 5
EIXTAR EARTE 5 2 20 oK I SEMRGE AT o BHIG AT DL, B X6 AN [R5 BE S 2 1) S0 JE R 4 S AR 2851 [ AR 4 2
WA B o BREERF R 2310 T — AN T 14 CT SAA5 00 R ST 0 S il 45 15 (SSPN) 4 il S 5 41 2
PR, ZARALEUIZRAB ) AUC 1B 0.940, EMKEAZIH R 0.903. SR1M, %A 7C IEEAS A%
N, AT 180 ANEETT . xR, RAEMGH PSS RSN AT EAE ), (AT
R (1 e M R AT S, AT T 7R S R AR R B 2 B2 T IR AN 9L . Kamiya 50 5038 [24)TF &
T OHRREMWEIT, ZF AR T 93 M 72 MR, 21 AR ATEE TR EE
J7 B TRV P AT 5, i I S8 A 1 T 0 Pl oo v T R PR &5 4T o 9 TR 1 320 T /ER#1E(Receive Operating
Characteristic, ROC) £k .7~ , Hi2R T A7 (Area Under the Curve, AUCYER K, JEFETE 0.71 & 0.83 Z ],
Choi W ZEHF 7t [ 251 RIS AG AL 247 VL ST T — A SVM-LASSO #8, A TKFIE CT H13 N gty
TIN5 A% e we ik 5 [ U 2% 2 B CT 9 A i i A48 &R 48 (Lung-RADS) AT M ) . 45 R 7R, SVM-
LASSO FE#Y [ HERH Z(84.1%) 8T Lung-RADS 1 7(72.2%) . Chen Z54/F 78 & [26 1 #2 B 1§45 4H 2445110 71k
DIIX G5 42 AN 33 AN AR5 5 o A AT TR F B — 38 XSk, I3 1 5 7 §i 7] 26 $%(Sequential Forward
Selection, SFS) 7%k th T VYA g FE A G UARRAE, DAA T — A RF M EHL(Support Vector Machine,
SVM) TR AY . % SVM BB HERf 2R . REUERIRE 7 530008 84.0% 92.9%F1 72.7%. Tu S E
271&BL, CT R FIObRHEZ IR, A5 TSIV, TR 7 Edkm, IXECRAER I R 4551
AIRETE T . AT TR R 2 4 (R VA A R AR I HER SRR B T 79%, FLRIUR T-L i filies 07 5 130 1111
Lung-RADS #%t. VIR BoR, B2 MBIIELTOLHRIRE S 2K G, mAEsEtEg 1.
Balagurunathan S5HF 75 # [ 2815347 T 2k H 5 [ [ 52 fili 36 0 25 3050 2504 22 AR & CT B, JEHfE 514
T RANRTIR ) MG HER AR L, FAAR A 225 AE B 3R T 45 TR I HER R . T8I 254 BT 25311
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FHIE, WFFCIAR] T B =i AUROC fH24 0.83. Shen %5 A[291RFH SVM. BEHLARM . BHREIH. MR ]
MUR K-Be 48505, BHTRMIEGE R AR AR T FN 7 R, SR 5 Rl i A TR0 485 SR DA &5 1 1
JR o IXFP VLG G T SO AN BERFAE, 3R T R AR AR SR Bl 2545 (X 43, HER A 2] 92%.
XI[301H T2k BAE A0 CT BHREENL T HLES S SIS, UE B 1 AR VE Al AR /N i s S5 % EGFR OIRES
JrTRISE A, Hoh RF BAGEE T LR, DT A SVM #5481,

6. B4

HBAR AR AE EERIR IR ED R E A ST RE R T, R A 22 R = B ) R
FAEMARRANE LR LT OB TR 2 — . IR, AT SEBREAL SR L2 R S i At
TREST), CT BB IRE R I ENEAR AL 2 bRHEAL AR AT S i 7 R Ve, o 1 DL CT %
ISR L A AR i 45 1 B R P B X A S B LR R LT A St RO SR LA el 252 Wb e B
BRI, B TR Bk 2R Bl M R R ) 2 D BAIE, BT AR HEAL 2 rhL it
FOHESE, RN USRI B 15 N BORSETH AR R AN Rl it B S B i B g

AR AT TR 1 RO E . WRESEE R R R D R R S iR A e b S e
XHAST BRI TUS TSGR P57, 9 MR iR T e At AR S .
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